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1.0 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introduction

This report is a safety evaluation report of the application for an operating license
for the William 1. Zimmer Nuclear Power Station, Unit No. 1, and was prepared by the
United States Nuclear Regulatory Commission staff. The application was filed by the
Cincinnati Gas and Electric Company on behalf of itself, the Columbus and Southern
Ohio Electric Company and the Dayton Power and Light Company. The three companies
(applicant or applicants) share undivided interest in the station as owners. The
Cincinnati Gas and Electric Company is authorized to act as agent for the other two
and is primarily responsible for design, construction and operation of the station.

The application for a construction permit was docketed on April 7, 1970, and the
construction permit was issued on October 27, 1972. The application for an operat-
ing license was docketed on September 10, 1975. The applicant has scheduled fuel
loading of Unit 1 for June 1979.

A Final Safety Analysis Report was submitted as part of the application for an
operating license. The facility will employ a nuclear steam supply system of the
General Electric Company BWR/5 design housed in a Mark II type boiling water reactor
containment. During the review, we requested that the applicant modify the applica-
tion to meet certain requirements where appropriate to safety. The additional
information and modifications are provided in Amendments 23 through 82 and various
supplements to the Final Safety Analysis Report. The Final Safety Analysis Report,
its amendments and supplements, are available for public examination at the Nuclear
Regulatory Commission Public Document Room, 1717 H Street, N.W., Washington, D.C.

and at the Clermont County Library, Third and Broadway Streets, Batavia, Ohio.

This report summarizes the results of the technical evaluation of the Zimmer Station
which was performed by us and our consultants. The design of the station was reviewed
against the construction permit criteria and our Standard Review Plan, NUREG-75/087,
September 1975. In situations where the construction permit criteria did not fully
meet current criteria specified in the Standard Review Plan, the differences were
justified and the bases for acceptance stated in the appropriate subsections of this
report. Specific Standard Review Plan sections are frequently referenced throughout
the text as the basis for our ecceptance. This report covers the scope of the
technical matters considered by us and the generic concerns of the Advisory Committee
on Reactor Safeguards (see Appendix B) in evaluating the project. The generic
concerns defined by us in NUREG-0410 "NRC Program for the Resolution of Generic
Issues Related to Nuclear Power Plants," are not discussed in this report. We have
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concluded that although resolution of some of these issues may provide a significant
increase in assurance of the healt;1 and safety of the public, resolution is not
required for licensing. We will discuss the bases for this conclusion relative to
this application in future documentation. Our review of the environmental aspects
of the project is presented in the Final Environmental Statement which we issued in
June 1977. The statement complies with 10 CFR, Part 51, " Licensing and Regulatory
Policy and Procedures for Envirornental Protection."

Subject W favorable resolution of the outstanding matters described in this report,
and a finding by our Office of Inspection and Enforcement that the facility has been
completed in conformity with the provisions of the construction permit, the applica-
tion, the Act, and the rules and regulations of the Nuclear Regulatory Commission,
we conclude that the Zimmer Station can be operated without endangering the health
and safety of the public. The detailed conclusions are presented in Section 22.0 of
this report.

The review and evaluation reported herein are only part of our continuing review of
this project. We will survey the operating activities of the applicant to assure
that all of our requirements are met. The station may be operated only in accordance
with the terms of the operating license and the applicable regulations under our
continued surveillance.

1.2 General Plant Description

1.2.1 Reactor System

The Zimer Nuclear Power Station has a nuclear steam supply system which uses a
BWR/S class of boiling water reactor. The fission reaction which will produce the
heat to power the station will *.ake place within the reactor core. The reactor core

is a vertical cylinder about 14 feet across and 12 feet high. It contains 560
Zircaloy-4 fuel channels. Each fuel channel holds 63 fuel rods and one water rod in
an 8 x 8 array. This fuel rod bundle is called a fuel assembly. Each fuel rod is
composed of slightly enriched uranium dioxide in the form of sintered ceramic pellets
enclosed in Zircaloy-2 tubes. Some of the fuel rads have pellets with gadolinium
mixed with the uranium dioxide. The gadolinium is a " burnable poison" designed to
flatten the power distribution and limit the core reactivity variations throughout
the core lifetime. The cladding has been evacuated, backfilled with helium and
sealed by welding Zircaloy-2 end plugs on each end during fabrication. The cladding
is the first barrier to radioactive fission products produced during reactor
operation.

'.2.2 Reactor Coolant System

Water flowing through the core serves as both a neutron moderator and as a coolant.

Water and a water-steam mixture move upward through the core. The moving force is
thermal convection (natural circulation) in combination with the force provided by

12



the action of 20 jet pumps. Iwo recirculation loops motivate 10 jet pumps each.
The recirculation loops, each with its recirculation pump and flow control valve,

are located outside the reactor vessel. Steam generated within the core is sepa-
rated f rom the water and dried by steam separators and dryers located in the upper
region of the reactor vessel. Four main steam lines direct the steam from the
reactor vessel to the turbine generator system where the energy is converted to
electricity. The steam, after passing through the surbine, is condensed in the main
steam condenser located beneath the turbine. The condensate is collected and, after
passing through a cleanup system, is recycled by the feedwatet system to the reactor
vessel. The main steam condenser is cooled by recirculating water which is cooled
in turn by a large natural draft cooling tower. The large cooling tower system
receives makeup water from the Ohio River. The cooling tower blowdown will be
returned to the Ohio River af ter holdup for settling and dilution with raw water.
The ultimate heat sink is the Markland Pool located on the Ohio River. The Markland
Pool will dissipate the maximum heat load due to the total integrated decay heat,
station auxiliary system heat released and sensible heat removed from the containment
and primary system following a design basis loss-of-coolant accident.

1.2.3 Reactor Coolant Pressure Boundary and Containment System

The reactor coolant pressure boundary includes the reactor vessel and branch lines
out to their outermost isolation valves, it is the second barrier to the fission

products produced in the core.

The containment system is a dual barrier system with a primary and secondary contain-
ment structure. The primary containment structure is a steel-lined post-tensioned
concrete structure which is divided into a drywell and pressure suppression chamber
by a membrane floor. The secondary containment is called the reactor building and
is the gas control boundary which encloses the primary containment. The containment
system is the third barrier to the fission products produced in the core.

The upper portion of the primary containment (the drywell) encloses the reactor
system and is shaped like the frustum of a cone. The lower portion (the suppression
chamber or wetwell) contains a suppression pool and gas space and is shaped like a
cylinder. The primary containment is rasigned for the maximum temperature and
pressure conditions that can result from a loss-of-coolant accident.

The gas control boundary is the boundary of the reactor building and also encom-
passes the fuel building. It is designed as a fission product barrier only and not
for the pressure and temperature generated by the loss-of-coolant accident inside
containment. Gas releases from the reactor building are treated by the standby gas
treatment system when appropriate.

The function of the drywell is to force the steam released from a break in the
reactor system pressure boundary to pass into the suppression pool to be quenched,
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thus reducing the resultant primary containment overpressure. Direct leakage of gas
from the primary containment during the course of the loss-of-coolant accident is
held up and mixed with air in the secondary containment and is then treated by the
standby gas treatment system prior to being released to the outside atmosphere.

Piping restraints are installed in the containment to limit pipe whip in the event
of a pipe rupture to protect safety related components and systems. Concentrations
of hydrogen are controlled within an acceptable range during accident conditions to
reduce the potential for hydrogen burning or explosion. Thermal recombiners reduce
hydrogen concentrations by recombining the hydrogen with oxygen. The containment is
isolated whenever there is a potential for the uncontrolled release of radioactivity
to the outside environment.

1.2.4 Reactor Protection System

The reactor protection system is used to protect against conditNns that may cause
fuel failure or reactor coolant pressure boundary failure. It lait'ates a reactor
scram in the event of an abnormal operational transient, a pressure pulse, a gross
failure of fuel or a failure of the nuclear system process barrier.

1.2.5 Reactor Internal Components

The major reactor internal components are the core which includes the fuel assem-
blies, control rods and instrumentation; the core support structure which includes
the core shroud, top guide, and core plate, the shroud head and steam separator
assembly; the steam dryer assembly; and the jet pumps. Except for the Zircaloy in
the reactor core, these reactor internals are fabricated of stainless steel or other
corrosion resistant materials. All major internal components can be removed except
the jet pump diffusers, the core shroud, the core spray spargers, and the jet pump
inlet piping. The removal of the steam separators and dryers, shroud head, fuel
assemblies, and control rods can be accomplished on a routine basis.

1.2.6 Reactor Cnntrol System Components

Bottom entry cruciform shaped control rods are used for normal reactivity control
and scram. These control rods move vertically in the space between the fuel assem-
blies. They are actuated by a hydraulic mechanism which uses water as the driving
fluid. Nitrogen under pressure in an accumulator is the normal driving force for
rapid insertion. Each control rod is mechanically independent of the others and has
its own hydraulic control system, in addition, a standby liquid control system is
available to inject a boron solution into the reactor for emergency long term re-
activity control.

Each control rod is in the shape of a cruciform and contains 76 stainless steel
tubes (19 in each wing of the cruciform) filled with vibratory compacted boron
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carbide powder. The tubes are seal welded with end plugs on either end. Stainless
steel balls are used to separate the tubes into individual compartments. Tha stain-
less steel balls are held in position by a slight crimp in the tube. The tubes are
maintained in a cruciform array by a stainless steel sheath extending the full
length of the tubes. A top handle aligns the tubes and provides structural rigidity
at the top of the control rods. A bottom casting is used to provide structural
rigidity and contains a parachute shaped velocity limiter. The velocity limiter is
designed to limit the free fall velocity and thereby the reactivity insertion rate
of a control rod in the event of a rod drop accident.

The control rod drive mechanisms used for positioning the control rods in the reactor
core are mounted on the bottom head of the reactor vessel. Each control rod drive
is a double acting, mechanically latched hydraulic cylinder using water as the
operating fluid. The control rod drives are capable of inserting or withdrawing the
control rods at a slow controlled rate (shim), as well as providing rapid insertion
(scram) when required. A mechanism on each control rod drive locks the control rod
in 6-inch increments of stroke over the length of the core. The control rod drive
holds the control od in distinct latch positiens until the hydraulic system actuates
movement to a new position.

The control rod drive hydraulic system supplies and controls the pressure and flow
to and from the control rod drives through a hydraulic control unit. The water
discharged from a control rod drise during a scram flows through the hydraulic
control units to the scram discharge volume. The water discharged from a control
rod drive during normal operation enters the reactor vessel. There is one hydraulic
control unit for each control rod drive. Each hydraulic control unit imparts its
pressurized water on signal to a control rod drive unit. The control rod drive then
positions its control rod as required.

1. 2. 7 Reactor Coolant System Components

The reactor coolant system includes the reactor vessel, recirculation pumps, recircu-
lation piping, feedwater piping out to and including the second isolation valve,
main steam line piping out to and including the second isolation valve, safety
relief valves, design provision to accommodate inservice inspection, and equipment
supports.

The reactor vessel is a vertical cylindrical pressure vessel of welded construction
which has been designed, fabricated, tested, inspected, and staged in accordance
with American Society of Hechanical Engineers Code, Section III, " Nuclear Vessels."
The reactor vessel contains the core and supporting structures; the steam separators
and dryers; jet pumps; control rod guide tubes; distribution lines for the feedwater,
core sprays, and liquid control; incore instrumentation; and other components. The
main connections to the reactor vessel include steam lines, coolant recirculation
lines, feedwater lines, control rod drive and incore nuclear instrument housings,
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high and low pressure core spray lines, residual heat removal lines, standby liquid
control line, core differential pressure line, jet pump pressure line, jet pump
pressur< sensing lines, water level instrumentation lines, and control rod drive
system return lines. The reactor vessel is designed for a pressure of 1250 pounds
per square inch gauge. The normal operating pressure is 1020 pounds per square inch
gauge. The reactor vessel is fabricated of low alloy steel and is clad internally
with stainless steel except for the top head and feedwater nozzles.

The reactor recirculation system consists of two recirculation pump loops external
to the reactor vessel. These loops provide the piping path for the driving flow of
water to the jet pumps located in the reoctor vessel. Each external loop contains
one high capacity motor driven recirculation pump, a flow control valve and two
motor operated gate valves for pump maintenance.

Each of the four main steam lines includes a flow restrictor which is a venturi type

nozzle insert welded into the main steam line. The flow restrictor limits the
coolant blowdown rate from the reactor vessel in the event of a main steam line
break outside the containment. Two main steam line isolation valves are welded in a
horizontal run of each of the main steam lints. One valve is located as close as
possible to the inside of the drywell wall while the other is located just outside
of containment. The main steam isolation valves are designed to close within 5.5
seconds to prevent damage to the fuel by limiting the loss of reactor coolant for a
major steam piping leak outside the containment.

A total of 13 safety relief valves are located on the main steam lines between the
reactor vessel and the inboard main steam isolation valve. These valves protect
against overpressurization of the primary system. The safety relief valves will
discharge through piping to the suppression pool.

All areas of the reactor coolant system are designed to accommodate inservice inspec-
tion requirements. Engineered safety features to shut down the reactor, isolate the
containment, condense steam in the containment, reflood the reactor core, remove
heat for long term core cooling and restrict radioactive releases are available in
the plant.

1.2.8 Emergency Core Cooling Systems

Four emergency core cooling systems are provided to maintain fuel cladding below
prescribed peak temperatures in the event of a breach in the reactor coolant pres-
sure boundary that results in a lost of reactor coolant. These systems are the high
pressure core spray systen, the automatic depressurization system, the lov pressure
core spray system, and the low pressure coolant injection system.

The high pressure core spray system consists of one independent pump and the valves
and piping to deliver cooling water to a spray sparger over the core. This system
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provides and maintains an adequate coolant inventory inside the reactor vessel in
the event of small breaks in the reactor coolant pressure boundary. The system
operates independently of all other systems over the entire range of pressure dif-
ferentials from greater than normal operating pt assure to atmospheric. T M system
is initiated by high drywell pressure or low reactor water level.

The automatic depressurization system reraces reactor vessel pressure rapidly in a
loss of-coolant accident situation in which the high pressure core spray system
fails to maintain the reactor vessel water level. The depressurization provided by
the system enables the low pressure emergency core cooling systems to deliver coc, ling
water to the reactor vessel. The automatic depressurization system uses some of the
safety relief valves tnat are a part of the nuclear system pressure relief system.
The safety relief valves associated with the automatic depressurization system are
arranged to open during conditions indicating both that a break in the reactor
coolant pressure boundary has occurred and that the high pressure core spray system
is not delivering sufficient cooling water to the reactor vessel to maintain the
water level above a preselected value. The automatic depressurization system is
interlocked to prevent actuation unless one of the low pressure emergency core
cooling systems is operating in order to ensure that adequate coolant be available
to maintain reactor water level following depressurization.

The low pressure core spray system consists of one independent pump and the valves
and piping to deliver cooling water to a spray sparger over the core. The system is
actuated by conditions indicating that a breach exists in the reactor coolant pres-
sure boundary but water is delivered to the core only after reactor vessel pressure
is reduced. The system provides the capability to cool the fuel by spraying water
over the active fuel.

The low pressure coolant injection system is an operating mode of the residual heat
removal system. The low pressure coolant injection system uses the pump loops of
the residual heat removal system to inject cooling water directly into the reactor
vessel. The system is actuated by conditions indicating a breach in the reactor
coolant pressure boundary but water is delivered to the core only after reactor
vessel pressure is reduced.

1.2.9 Instrumentation and Control Systems

The instrumentation and control systems for the station include the main control
room panel board including all integral equipment, instrumentation and control
equipment, racks and panels, reactor control and protection systems including actua-
tion systems, nuclear instrumentation system, and process instrumentation and control
including control valves.

The reactor trip system instrumentawion and control initiate an automatic reactor
shutdown (scram) if monitored system variables exceed preestablished limits. This
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action prevents fuel damage, limits syste'm pressure and thereby restricts the release
of radioactive material.

The containment and reactor vessel isolation control system instrumentation and
control initiate closure of various automatic isolation valves if monitored system
variables exceed preestablished limits. This action limits the loss of coolant from
the reactor vessel and minimizes the release of radioactive materials from either
the reactor vessel or the containment.

The emergency core cooling systems instrumentation and control provide initiation
and control of specific core cooling systems such as the high pressure core spray
system, automatic depressurization system, low pressure core spray system, and the
low pressure coolant injection system.

The neutron monitoring system instrumentation and control use incore neutron detec-
tors to monitor core neutron flux. The neutron monitoring system provides signals
to the reactor protection system to shut down the reactor when an overpower condi-
tion is detected. High average neutron flux change with time is used as the over-
power indicator during startup and shutdown. The neutron monitoring system also
provides power level indication during normal operation.

The refueling interlocks instrumentation and control serve as a backup to procedural
core reactivity control during refueling operations.

The rod control and information system instrumentation and control permit the operator
to manipulate control rods and determine their positions. Various interlocks are
provided in the control circuitry to prevent single or multiple operator errors or
equipment malfunctions from requiring the action of the reactor protection system.

The reactor vessel instrumentation monitors and transmits information concerning key

reactor vessel operating parameters.

The recirculation flow control system instrumentation and control regulate the
reactor recirculation pumps and valves to vary the reactor coolant flow rate through
the core. Manual or automatic control of the recirculation flow control system is
ptrmitted. Recirculation pump trip circuitry also is provided for a number of
anticipated transient events.

.The process radiation monitoring system instrumentation and control for lines con-
talning process liquid and gases provide for control of radioactive material releases.
The main steam line radiation monitors detect gross release of fission products from
the fuel and provide a trip signal resulting in reactor scram and containment isola-
tion if monitored variables exceed preestablished limits.
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The reactor core isolation cooling system instrumentation and control initiate the
flow of makeup water to the reactor vessel in the event the reactor becomes isolated
from the main cone nser during plant operation due to closure of the main steam
isolation valves.

The standby liquid control system instrumentation and control provide manual initia-
tion of a redundant reactivity control system which can shut down the reactor from
rated power to the cold condition in the event that all withdrawn control rods
cannot be inserted to achieve reactor shutdown.

The reactor water cleanup system instrumentation and control provide operation of
system equipment to maintain high water purity and to reduce concentration of fission
products in the reactor coolant.

The leak detection system instrumentation and control use various temperature,
pressure, water level and flow sensors to detect, annunciate, and isolate if required,
water and steam leakages in selected reactor systems.

The reactor shutdown cooling system instrumentation and control provide for manual
initiation of cooling to remove the decay and sensible heat from the reactor vessel
during normal shutd vn.

1.2.10 Auxiliary Systems

The auxiliary systems for the nuclear steam supply system include special handling
equipment for the fuel and reactor vessel internals, the reactor core isolation
cooling system, the main steam line isolation valve leakage control system, the
standby liquid control system, the reactor water cleanup system, the residual heat
removal system, the pressure relief system, the pressure regulation system, and the
leak detection systems.

The reactor core isolation cooling system provides makeup water to the reactor

vessel when the vessel is isolated from the main condenser. The reactor core isola-
tion cooling system uses a steam driven turbine pump unit and operates automatically
to mainta'. adequate water level in the reactor vessel.

The main steam line isolation valve leakage control system controls the release of
fission pioducts which could leak through the closed main steam isolation valves
following a postulated loss-of-coolant accident. Any leakage is drawn from the
space between the inner and outer main steam isolation valves or between the outer

main steam line isolation valve and tha downstream block valve and vented to an area
served by the standby gas treatment system.

The reactor water cleanup system recirculates t portion of the reactor coolant to
remove particulate and dissolved impurities. The reactor water cleanup system
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consists of pumps, regenerative and non-regenerative heat exchangers, and a filter
demineralizer. The system also is used to reduce the reactor wate" inventory a3
required by plant operation.

The standby ' quid control system provmes a redundant and diverse means to attain
and maintain the reactor in a subcritical condition from any power operatirn to cold

(
shutdown by injecting a solution of sodium pentsborate into the reactor vessel.

The residual heat removal system is designed fur two principal modes of operation
besides the safety related modes. For normal usage, the residual heat removal
system functions to remote reactor decay and sensible heat during either a normal
shutdown or following isalation of the reactor. In one safety related mode of
operation the residual heat removal system prov des heat removal capability, restoresi

and maintains coolant inventory in the reactor vessel following the postulated
loss-of-coolant accident. In the other safety related mode of operation, the residual
heat removal system provides heat removal capability in the balance-of plant contain-
ment during the post-loss-of-coolant accident period. The residual heat removal
system consists of two heat exchangers, three main system pu ps and associated
valves, piping, controls and instrum tation.

The pressure relief system prevents overpressurizatien of the r actor coolant pres-e

sure boundary under the most severe operational transients. The pressure relief
system consists of 13 dual purpose safety relief valves. All are mounted on the
main steam lines between the reactor vessel and the innermost main steam isolation
valve. All G scharge through piping gnas directly to the suppression pool. The
valves contain auxiliary pneumatic actuators and can be operated either by automatic
or remote manual controls at any pressure above atmospheric.

The pressure regulation system provides main turbine control valve and bypass valve
positica demands in order to maintain a nearly constaat reactor pressure duiing
normal plant operation.

1.2.11 Containment Systems and Other Structures

The containment houses the reactor, reactor coolant pressure boundary and the pres-

sure suppression pool. The reactor building houses the engineered safety features
auxiliary equipment, the fuel storage and shipping areas. Operation of the standby
gas treatment system maintains a negative internal pressure so that the atmosphere
within the reactor building is filtered before releasa to the outside environment.<

The standby gas treatment system exhausts to the plant ven'. during an accident or
other abnormal operating conditions. Other structures such as the turbine building,
diesel generator building, auxiliary building, rad.,aste building and the circulating
water systems structures are described in the appropriate sections of this report.
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1.2.12 Waste Management Systems

The radioactive waste management system collects, treats and disposes of radioactive
waste in a controlled and safe manner. Gaseous waste disposal systems collect,
monitor, purify and hold up noncondensible radioactive gases and suspended radio-

active materials. Liquid radioactive wastes are collected, monitored and prccessed.
Solid wastes are collected, drummed and shipped to licensed burial grounds.

1. 3 Comparison With Similar Facility Designs

Many of the features of the Zimmer Nuclear Power Station are similar to boiling
water reactor plants previously reviewed and approved by us. Some of these plants
are now under construction or in operation. Use has been made of previous evalua-
tions where feasible and appropriate in the evaluation of this station. However,
the Zimmer station is the first of the WR/5, Mark II generation of plants to be
reviewed for an operating license, and therefore, we consider the Zimmer station as
a lead plant with many features which have not been reviewed at the final design
stage previously. Where the plant features are substantially the same as features
reviewed and evaluated before, this report identifies the other facilities in the
appropriate subsections. The Scfety Eva:ation Reports for these other facilities
are published and are available for public in3pection at the Nuclear Regulatory
Commission Public Document Room at 1717 H Street, N.W., Washington, D.C.

A listing of comparaole p*incipal parameters and features of the Zimmer Station and
other facilities of simila- design are shown in Table 1-1. These facilities were
selected for comparison because they have similar nuclear steam supply systems
and/or containment systems.

1.4 Identification of Agents ano .;ntractors

The General E:ectric Company furnished the nuclear steam supply system including the
initial core. Westinghouse Electric Corporation designed, fabricated and delivered
the turbine generator. The Sargent and Lundy Company performed engineering services
for the balance of the nuclear station. Kaiser Engineers Incorporated was designated
as the prime constructor for the station. Construction and operation responsibilities
belong to the Cincinnati Gas and Electric Company, on behalf of itself and
coapplicants.

1.5 Summary of Principal Review Matters

Our technical review and evaluation of the information submitted by the applicant
considered the principal matters summarized below:
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TABLE 1-1

COMPARISON OF PRINCIPAL DESIGN FEATURES

OF ZIMMER AND SIMILAR FAC'LITIES

Design Feature Hatch Unit 2 Hatch Unit 1 Zimmer Unit 1

Rated Thermal Power, megawatts 2436 2436 2436

Gross Electrical Output, 822 813 839

megawatts

Net Electrical Output, 795 786 797

megawatts

Main Steam Flow Rate, pounds 10,470,000 10,030,000 10,470,000

per hour

Total Reactor Core Flow Rate, 77,000,003 78,500,000 78,500,000

pounds per hour

Feedwater Temperature, degrees 420 387.4 420

Fahrenheit

Reactor Operating Pressure, pounds 1005 1005 1020

per square inch gauge

Fuel Lattice 8x8 7x7 8x8

Number of Fuel Assemblies 560 560 560

Number of Control Rods 137 137 137

Reactor Vessel Inside Diameter, 218 218 218

inches

Reactor Vessel Inside Height, feet 69.3 69.3 69.3

Reactor Vessel Design Pressure, 1250 1250 1250

pounds per square inc h gauge

Reactor Vessel Wall Thickness, 5-17/32 5-17/32 5-3/8

inches
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TABLE l-1 (Continued)

Design Feature Hatch Unit 2 Hatch Unit 1 Zimmer Unit 1

Number of Recirculation Loops 2 2 2

Recirculation Loop Inside Diameter, 28 28 20
inches

Recirculation Pump Capacity, 45,200 45,200 33,880
gallons per minute

Number of Jet Pumps 20 20 20

Number of High Pressure Coolant 1 1 l #

Injection Pumps

Number of Core Spray Loops 2 2 2
##

Number of Low Pressure Coolant 4 4 3
Injection Pumps

Number of Containment Spray Loops 2 2 2

Maximum Heat Flux, British thermal 361,594 428,300 354,000
units per square foot per hour

Average Heat Flux, British thermal 145,528 '*34,410 143,900
units per square foot per hour

Maximum Power per Fuel Rod Length, 13.4 18.5 13.4
kilcwatts per foot

Average Power per Fuel Rod Length, 5.39 7.11 5.45
kilowatts per foot

Maximum Fuel Temperatura, degrees 3435 4380 3325
Fahrenheit

Minimum Critical Power Ratio 1.30 1.32 1.24

Total Peaking Factor 2.49 2.60 2.43

#
High pressure core spray used on Zimmer.

##
0ne low pressure core spray usec on Zimmer.
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(1) The population density and land use charat.Leristics of the site environs and
the physical characteristics of the site (including seismology, meteorology,
geology, and hydrology) to estaolish that these characteristics have been
determined adequately and have been given appropriate consideration in the
plant design, and that the site characteristics are in accordance with the
Commission's siting criteria in 10 CFR, Part 100, taking into consideration the
design of the facilities, including the engineered safety features provided.

(2) The design, fabrication, construction and testing criteria, and e,pected per-
formance characteristics of the plant structures, systems, and components
important to safety to determine that they are in accord with the Commission's
General Design Criteria, Quality Assurance Criteria, Regulatory Guides, and
other anpropriate rules, codes and standards, and that any departure from these
criteria, codes and standards have been identified and justified.

(3) The expected response of the facility to various anticipated operating transients
and to a broad spectrum of postulated accidents. Based on this evaluation, we
determined that the potential consequences of a few highly unlikely postulated
accidents (design basis accidents) would exceed those of all other accidents
considered and performed conservative analyses of these design basis accidents
to determine that the calculated prtential offsite radiation doses that might
result in the very unlikely event of their occurrence would not exceed the
Commission's guidelines for site acceptability given in 10 CFR, Part 100.

(4) The Cincinnati Gas and Electric Company's engineering and construction organi-
79 tion, plans for the conduct of plant operations (including the organizational
structure and the general qualifications of operating and technical support
personnel), the plans for industry security, and the planning for emergency
actions to be taken in the unlikely event of an accident that might affect the
general public, to determine that the applicant is technically qualified to
safely operate the facilities.

(5) The design of the systems provided for control of the radiol",1 cal effluents
from the facilities to determine that these systems are capab e of controlling
the release of radioactive wastes from the facility within the limits of the
Commission's regulations in 10 CFR, Part 20, and that the equipment provided is
capable of being operated by the applicant in such a manner as to reduce radio-
active releases to levels that are as low as reasonably is achiavable within
the context of the Commission's regulations in 10 CFR, Part 50, and to meet the
dose design objectives of Appendix I to Part 50.

(6) The Cincinnati Gas and Electric Company's quality assurance program for the
operation of the facilities to assure that the program complies with the Commis-
sion's regulations in 10 CFP, Part 50, and that the applicant will have proper
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centrols over the facility operations such that there is a high degree of
assurance that the facilities can be operated safely and reiiably.

(7) The financial data and information supplied by the Cincinnati uas and Electric
Company and its coapplicants as required by the Commission's regulations
(Section 50.33(f) of 10 CFR, Part 50, and Appendix C to Part 50) to determine
that the applicants are financially qualified to operate the proposed
facilities.

1.6 Modifications to the Facility During the Course of Our Review

During the review, we met a number of times (see Appendix A to this report) with the
applicant's representatives, contractors and consultants to discuss various technical
matters rclated to the facility. Also, we made a number of site visits to assess
specific safety matters related to the station. The applicant made a number of
changes to the facility design as a result of our review. We reviewed these design
changes also. Special details concerning these changes are included in amendments
to the Final Safety Analysis Report and in appropriate subsections cf this report.

Toe nuclear steam supply system contains new and significantly modified features
that are different than previous boiling water reactor designs that had been evalu-
ated by us at the final design stage. The General Electric Company provided new
designs in instrument and control areas. These changes include: a new control rod
position detecti? system; a new method of increasing the negative reactivity during
a scram to cope wi i changes to scram reactivity during core life; the use of ganged
control rods; and a revised rod pattern control system. These are discussed in
section 7.0 of this report.

1.7 Requirements for Future Technical Information

The Cincinnati Gas and Electric Company identified the generic Mark II containment
long term test program as a program applicab!e to the Zirhmer Station. This program
is aimed at verifying the containment designs and confirming the design margins to
accommodate pool dynamic loads. The objective, schedule for completion, and current
results are summarized in subsection 6.2.1 of this report. We have issued conserv-
ative acceptance criteria for the Mark Il containment, which if met by the Zimmer
design, will provide reasonable assurance that the health and safety of the public
will be protected against the effects of pool dynamic loads.

1.8 Summary of Outstanding Issues

As a result of our review, several items remain outstanding at the time of issuance
of this report. Since we have not completed our review and reached our final posi-
tions in these areas, we consider the issues to be open. Our review will be
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completed prior to a decision on issuance of an operating license and will be reported
in a supplement to this report. The items, with appropriate references to subsections
of this report, are stated below.

3.8.1, 3.8.2, 3.9.2, 6.2.1 - We have issued our acceptance criteria for the Mark II
containment design to accommodate pool dynamic loads. The applicant has reported
those criteria from which he wishes to deviate and has presented his plans for
justifying the deviations. We will complete our review of the Zimmer Design Assess-
ment Report and Closure Report and report our conclusions with respect to the
acceptability of the Zimmer design to accommodate pool d,3amic loads when all needed
information is available.

6.3.4 - We will not be able to make a final conclusion reporting the ability of the
plant to meet 10 CFR 50.46 acceptance criteria for the emergency core cooling system
until we nave completed our evaluation of the Two Loop Test Apparatus test results.

1.9 Summary of Confirmatory items

As a result of our review, there are a number of items for which we have completed
our review and have reached positions. The applicant will implement our positions.
However, we are continuing our review of the application to permit us to confirm

i plementation of these positions. These items will be completed to ourthe m

satisfaction prior to decision on istuance of an operating license and will be
reported in a supplement to this report. These items, with appropriate references
to subsections of this report, are stated below.

2.2, 6.4.2 - We have not been able to define the hazard, if any, to the control room
operators resulting from the transport of toxic chemicals along U.S. Route 52 past
the Zimmer site. We are pursuing the needed information.

3.9.1, 3.9.2, 3.10, 5.2.1, 7.6, 8.3 - We have not completed our audit of the seismi:
qualification of mechanical and electrical equipment and the results of the appli-
cant's component operability assurance program.

4.4.1 4.4.2, 15.1 - We are evaluating a new calculational basis (ODYN code) for the
load rejection without turbine bypass. We expect to complete this evaluation prior
to Zimme? licensing.

4.4.1 - We are continuing our review of Appendix H to the Final Safety Analysis
Report which describes the reactor flow control system. We will report on our
safety evaluation this system prior to reactor startup. '

4.5.1 - We are investigating evidence of cracking in control rod drive tubes and
have requested additional information on this matter from the applicant.
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5.2.1, 5.2.3, 5.2.4, 5.3.3 - We have completed our review of the applicant's
preservice inspection program. We are reviewing the applicant's justificatior. for
exceptions taken to the specific provisions of 10 CFR, Part 50,50.55a(g)(2). The
appilcant will provided an acceptable augmented inservice inspection method which
will assure early detection of feedwater and control rod drive nozzle and tiend
radii cracking which has been experienced in earlier operating boiling watar
reactors. The applicant will also provide information regarding implemertation of
the positions stated in NUREG-0313 related to stainless steel cracking. The
applicant plans to submit his inservice inspection program (in accordance with
10 CFR, Part 50, 50.55a(g)(4)) six months prior to commercial operation.

5.2.2 - The applicant did not include the effects of the anticipated transients
without scram recirculation pump trip in his overpressurization analyses. We have
requested this information and have also requested documentation of information on
the qualification of safety / relief valves.

5.3.1, 5.3.2, 6.2.6 - We are reviewing information to determine whether or not we
may grant certain exemptions to 10 CFR, Part 50 Appendixes G, H and J for some
Zimmer equipment.

6.2.1, 6.3.4 - The Zimmer design diverts low pressure core injection water to the
wetwell spray in order to increase allowable suppression pool steam bypass. We
asked the applicant to show that the consequences of diverting low pressure core
injection water are acceptable with respect to emergency core cooling and long term
pool cooling performance. The applicant will provided the information.

7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 8.3 - During our electrical review site visit and
drawing reviews a number of deficiencies with regard to phfsical separation and
electrical independence were disclosed. The applicant colmitted to making field
modifications to systems wiring in order to meet his construction permit commitment
with respect to physical separation and electrical independent. He also has
committed to perform qualification testing of electric isolators used between redun-
dant safety systems circuits and nonsafety grade and safety grade circuits. We will
audit these modifications and review the qualification testing results. We will
also resolve the issues regarding range, setpoint drift, response time testing and
test frequencies prior to issuance of the technkal specifications with the operating
license.

7.2.3, 7.2.4, 7.5.2 - During the Hatch Unit 2 review we became concerned about the
protection of motor / generator sets which provide power to the reactor scram system.
We are waiting *or detailed information on the applicants' proposed resolution of
this safety matter.
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7.3.3, 7.5, 7.6 - We have not completed our review of instrumentation required for
the automatic actuation of weti '' sprays and monitoring of essential drywell and
wetwell parameters in the event or a small break in the primary system.

7.5.3, 7.5.4 - The applicant has oroposea some modification to the rod display
system power source in order to make the system acceptable to us with respect to
availability of rod scram indication in the event of power source failure during an
evc:e requiring rod scram. We are weiting for detailed information on the
applicant's proposed resolution of this safety matter.

7.6.3, 7.6.4, 7.7.3, 7.7.4, 15.1 - We have completed our review of all other instru-
ments requir?d for safety including systems not required for safety. We are con-
tinuing our review of the use of nonsafety grade equipment to mitigate the conse-
quences of some abnormal operational transients in order to determine appropriate
surveillance and testing requirements for that equipment.

9.5 - The applicant has responded to all of our position. with regard to fire
protection. We have reviewed these responses for acceptability. The applicant has
met all of our positions with some minor exceptions which require resolution.

13.7 - The applicant has responded to all of our positions with regard to industrial
security and has filed a revised industrial security plan. We have reviewed the
revised plan for acceptability. The applicant has met all of our positions with
some minor exceptions which require resolution.

14.1 - The applicant has provided all the infoimation needed for us to complete our
review of the preoperational and startup test programs. The applicant will meet all
of our positions in this area.

20.4 - We will update our financial conclusions when updated information is avail-
able from the applicant.

1.10 Items of Disagreement Between the Staff and Applicant

During the review a disagreement regarding the appropriate level for dewatering the
compacted backfill under Category I structures developed between the applicant and
us. We will resolve this matter with assistance from our consultant (see
subsection 2.5.3 of this report).
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2.0 SITE CHARACTERISTICS

2.1 Geography and Demography

2.1.1 Site Location and Dr?cription

The Wm. H. Zimmer Nuclear Power Station Unit No. 1 is located on a 632 acre tract
of land on a floodplain of the Ohio River at river mile 443 in Washington Township
of Clermont County, in southwestern Ohio. The site ;s le:ated approximately 24
miles southeast of Cincinnati, Ohio and 1/2 mile north c* Moscow, Ohio, as is
shown in Figures 2-1 and 2-2. The topography of the western portion of the site
is relatively level at about 500 feet above mean sea level and was primarily farm
land. The surrounding area of the site is hilly with small meandering creeks
flowi g into the Ohic River, with elevations running up to 800 feet above mean sea
level. The reactor plant grade is 520 feet ebove mean sea level.

2.1.2 Exclusion Area Authority and Control

The applicant specified a minimum exclusion area distance of 250 meters (820 feet)
and a low population zone with a radius of 4827 meters (3 miles). Figures 2-3 and
2-1 show the exclusion area and low population zone, respectively. The applicant
owns the exclusion area which is not traversed by any roadway, railroad or waterway,
and we conclude that the applicant has the authority and control necessary to
assure that activities within the exclusion area will not interfere with normal
plant operation.

2.1. 3 Population Distribution

The population within the three mile low population zone is about 1580. Moscow,
Ohia is the largest nearby town and had a 1970 population of 348. The nearest

population center with a population in excess of 25,000 is Newport, Kentucky
(population 25,998), 20.8 miles northwest. Covington (population 52,535), kentucky
and Cincinnati (population 452,524), Ohio are located at 20.9 and 24.2 miles

northeast, respectively. These distances are at least 1-1/3 times lhe low popu- ,'

lation zone distance. ',

The transient population within the low population zone is low and is composed of
145 students and teachers at the public schools, visitors to Camp Sunshine and '

Grant's Birthplace and 202 employees at industrial sites. The total 1974 resident
population living within the kw population zone was 1578.

2-1
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On the basis of our rav' .iascribed above, ous 2nalysis of the onsite meteoro-
lop,ul data (subse s. 2.3 of this report) and our calculated potential radio-
logical dose consequences of design t' asis accidents (subsection 15.0 of this
report), we conclude that the exclusion area, low population zone and population
center distance meet the guidelines of 10 CFR, Part 100 and are acceptable.

2.2 Nearby Industrial, Transportation and Military Facilities

There are no military facilities or airports located within 10 miles of the Zimmer
site. The nearest military base is located more than 50 miles from the Zimmer
site. The nearest airport is the Clermont Airport located approximately 15 miles
north of the site. The nearest commercial airport is Lunken Field located 19.5
miles north-northwest of the site. The greatu Cincinnati Airport is located
approximately 27 miles northwest of the site in Covington, Kentucky. Our evalu-
ation of aircraft hazards is contained in subsection 3.5.1 of this report.

The nearest industry, the Ries Manufacturing Company Incorporated, manufactures
surgical supplies. Two quarry operations, the Black River Mining Company and the
Pickney Brewer Company located two and 2.5 miles, respectively, from the reactor
site store and use explosives in their operations. We evaluated the use of
explosives at distances greater than two miles from the Zimmer site and conclude
that they will not affect plant safety.

The Ohio River is used for commercial barge traffic and small pleasure boats. The
applicant designed a narrow and staggered intake channel to protect the service
water intake structure from the effects of a barge impact or explosion. We concur
that this design is acceptable. Barge, rail and road shipments of toxic materials
near the site were reviewed to determine their potential effect on control room
personnel, and subsection 6.4.2 of this report provides additional details. There
are no oil pipelines or tank farm? within five miles of the site. The closest gas
pipeline is approximately 2.2 miles west of the site.

The nearest highway to the site is U.S. Route 52 which runs adjacent to the eastern
border of the site. Kentucky Route No. 8 passes parallel on the opposite side of
the river at a distance of approximately 4500 feet from tM reactor building. The
Chesapeake and Ohio Railroad line is located on the Kentucky side of the Ohio
River 3100 feet west of the reactor building and the shipment of tox R materials
is discussed in subsection 6.4.2 of this report. We conclude that the distances
from the plant to potential carriers of hazardous cargo meet the guidelines
described in Regulatory Guide 1.91, " Evaluation of Explosions Postulated to Occur
on Transportation Routes Near Nuclear Power Plant Sites."

On the basis of the present use of these nearby facilities and the separation dis-
tances involved, and with the exception noted in subsection 6.4.2 of this report, we
conclude that they will not affect the safe operation of the Zimmer Nuclear Power
Station.
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2.3 Heteorology

2.3.1 Regional Climatoloay

The Zimmer plant is located in southwestern Ohio, 24 niles southeast of Cincinnati.
Thn. area is under the influence of a continental type climate, which means it is
subject to warm, humid summers and told winters.

Long-term meteorological measurements made in the vicinity of the plant include
those at Abbe Observatory in Cincinnati and at the Greater Cincinnati Airport.
These observations identify the large range of temperature to be expected in the
area. Extremes have been observed from -19 degrees Fahrenheit to 109 degrees

Fahrenheit, although average daily temperatures range from maximums in the mid-60's

to minimums in the mid-40's.

Precipitation is distributed throuytout the year and totals about 40 inches of
liquid water per year. Part of this precipitation is in the form of snow; about
20 inches of snow falls annually during the period from October through May.

Prevailing winds are from the southwest quadrant and average less than 10 miles
per hour. The highest wind observed in the region was 49 miles per hour at the
Abbe Observatory.

Severe weather phenomena affecting tne site include thunderstorms, which may occur

40 to 5) days per year, and on occasion tornadoes and hail resulting from the
thunderstorms. During the period 1953 - 1974, 90 tornadoes were observed in the
10,000 square mile area including the site. This would result in a probability of
one tornado nearly every 800 years. 'her severe type weather phenomena which can

affect the sita include freezing rain that produces glaze on surfaces and occasionally
the passage of the remnants of tropical storms moving from the Gulf of Mexico.
Air stagnation episodes affected the region 140 days during the period 1936-1970.

We conclude that the regional climatology, including severe weather phenomena, has
been described by the applicant in an acceptable manner to identify parameters
affecting the siting of the plant.

2.3.2 Local Meteorology

The Cincinnati observations provide a basis for defining expected meteorological
conditions that may be observed locally in the Zimmer area. Some of these observed
meteorological parameters have been identified in subsection 2.3.1 above. Although
the airport experiences an average of 26 days with heavy fog each year, the proximity
of the site to the Ohio River should cause a greater freqwncy of fog at the site.
Proximity to the river will also tend to moderate temperature extremes at the
site. This temperature moderation could modify the total annual snowfall; the
site may receive less than the 20 inch average at Cincinnati, which is somewhat
removed from the influence of the river.
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Nearby precipitation measure:nents have been made along the Ohio River at Chilo Dam
#34 and generally show good relaticnship to measurements made at the Cincinnati

locations of Abbe Observatory and Greater Cincinnati Airport.

We conclude that the app?icant provided adequate information on local meteorological
and air quality conditions that are of importance to the safe design and siting of
the plant.

2.3.3 Onsite Meteorological Measurements Frocram

Meteorological monitoring at the Zimmer site began in the fall of 1969 using two
mechanical weather stations. These were replaced in 1971 by a 200 foot meteorological
tower situated north of tne plant structures in the valley, and a 50 foot tower
(which was subsequently increased to 150 foot) on a hilltop northeast of the
plant, 5500 feet away.

The parameters measured on each tower are shown in Table 2-1. The accuracies of
the eouipment used meet the recommendations of Regulatory Guide 1.23, "0nsite
Meteorological Programs."

We conclude that the onsite meteorological measurements program has produced data
which have been summarized to provide an adegoate meteorological description of
the site and its vicinity for the purpose of making atmospheric estimates for
accidental and routine airborne releases of effluents from this nuclear facility.

2.3.4 Short-term (Accid (nt) Diffusion Estimates

Short-term accidental gaseous releases at ground level wem. O luated. Two years
of onsite meteorological data from 1972-1974 as measured on t i valley tower were
used for the evaluation. These data were comprised of joint frequency of stability,
as determined by vertical temperature oifferences, and wind speed and direction as
measured at 10 meters above grade level. The determination of relative concentration
(X/Q) allowed credit for Duilding wake mixing, and in accordance with the May 16,
1978 Interim Branch Technical Position, Hydrology and Meteorology Branch -2, utilized

a modification of Standard Review Plan 2.3.4 methods for the determination of X/Q.
This modification, outlined below, is considered to be appropriate for this site
due to the long narrow nature of the site. Another factor affecting the site is
the predcminant up and down valley wind circulation which is reflected in the
method of analysis applied to this evaluation. The evaluation was done for the 250

meter exclusion radius and the 4826 eeter distance to the outer boundary of the
low population zone.

The modification to the Standard Review Plan 2.3.4 method reflects combined credit
for building wake and increased lateral plume meander, direction dependen; variation
of dispersion conditions, wind frequencies, and exclusion area boundary distances.
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TABLE 2-1

METEOROLOGICAL INSTRUMENTATION

Valley tower 200 foot.
Parameter Height

Wind speed and direction 30-feet, 200-feet

Temperature 30-feet

Temperature difference 30-200 feet

Relative humidity 30-feet

Turbulence 30-feet

Hilltop tower ISO-foot
Parameter Height

W nd speed and direction 50-feet, 150-feet

Temperature 150-feet

Relative Humidity 150-feet
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Detailed information on the model and the basis for its acceptability are contained
in Draft Regulatory Guide 1.XXX, " Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power Plants" (9/23/77).

Use of the modified procedure resulted in a 0-2 hour X/Q that would be expected to
-3be exceeded no mere than five percent of the total time of 7.1 x 10 seconds per

cubic meter at the 250 meter exclusion distance. This limiting value occurred
northwest of the plant and is expected to occur less than a total of five per'ent
of the time around the entire 250 meter circular exclusion area boundary. Values
of relative concentration at actual site boundary distances would be lower than
this 250 meter relative concentration.

Values of relative concentration for the outer boundtry of the low population zone
for selected post-accident time periods at the adjusted five percent probability
level are given in Table 2-2.

2.3.5 Long-Term Diffusion Estimates

Reasonable estimates of average atmospheric dispersion conditions at the Zimmer

site were made, with corrections for down valley and up valley air flows, using
methods described in Regulatory Guide 1.111 " Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases from Light-Water-
Cooled Reactors." The model evaluates routine atmospheric releases at various
points of interest as identified in Table 2-3. The highest undecayed, undepleted
relative concentration (X/Q) and relative deposition (0/Q) without correction
facters are shown. Values are given for three types of releases, as shown in the
footnote to Table 2-3.

We made reasonable estimates of average atmospheric diffusion conditions using the
applicant's ensite meteorological data and the diffusion model described in Regulatory
Guide 1.111. ;

2.3.6 Ccnclusions .

We conclude that the r>plicant provided sufficient meteorological information in
the Final Safety Analysis Report to allow our determination of the plant's suit-
ability for operation under the meteorological regime affecting this site.

2.4 Hydroloqy

2.4.1 Hydrologic Description

Tha plant is located on the east (Ohio) side of the Ohio River about a half mile
north of the village of Moscow; 25 miles southeast of Cincinnati, Ohio; 443 river
miles downstream from Pittsburgh, Pennsylvania.
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TABLE 2-2

RELATIVE CONCENTRATIONS

Time Period (X/Q seconds per cubic meter)

0-8 hrs at the low population zone * 9.2x10;5
8-24 hrs at the low populaton zone 6.4x10,g
1-4 days at the low population zone 2.8 x 10-64-30 days at the low population zone 9.5 x 10

" Low population zone 4826 meters

TABLE 2-3

SUMMARY OF ATMOSPHERIC DISPERSION FACTORS AND DEPOSITION
VALUES FOR SELECTE0 LOCATIONS NEAR THE ZIMMER

^

NUCLEAR' POWER STATION #

Relative
Location * Source X/Q (seconds oer cubic meter) Deposition per square meter

Nearest site land A 5.95 E-07"* 3.34 E-04
boundary (northeast B 3.59 E-06 2.01 E-06
1.05 miles) C 4.73 E-06 2.65 E-08

Nearest residence A 3.72 E-08 2.54 E-09
and garden B 3.14 E-07 2.14 E-08
(north 0.82 miles) C 4.34 E-07 2.96 E-08

Nearest farm and miln A 3.01 E-08 1.93 E-09
animal (southeast 8 2.77 E-07 1.77 E-08
0.75 miles) C 3.90 E-07 2.50 E-08

"" Nearest" refers to that type of location where the highest radiation dose is expected
to occur from all appropriate pathways.

~7"5.95 E-07 = 5.95 x 10

Source A is continuous plant vent.
Source 8 is mechanical vacuum pump - 4 times / year for 24 hours
Source C is drywell purge - 24 times / year for 2 hours
# uncorrected for valley flows
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The drainage area of the Ohio River above the site is abect /0 000 square miles.
Tt.e area consists mostly of glacial till plains in Ohio and the Appalachian Plateau
in most of the rest of the area. Elevation in the basin ranges from 5720 feet
above mean sea level in Virginia to 445 feet above rean sea level at the site.

The river near the site is an olo entrenched stream with a flood plain slightly
less than a mile wide entrenched about 400 feet below the elevation of the uplands.
The plant is located on the flood plair of the river about 40 feet above the

normal reservior level of Markland Lock and Dam. Plant grade -is elevation 520 feet

above mean sea level; this elevation is three feet 1bove the stage corresponding
to the flood of record (January - February, 1937).

The only perennial stream on the site is Little Indian C.eek. It has a drainage
area of 5.5 square miles. The creeb flows from the east and empties in the Ohio
River downstream of the site.

2.4.2 Flood Potential

We reviewed the information submitted in the Final Safety Analysis Report with
respect to flooding and found it to be essentially the same as'that submitted in
support of the application for a construction permit and reported in that Safety
Evaluation Report. The procedures used in the determination of the probable
maximum flood discharge were also reviewed and found to be unchanged and to meet
the present criteria. Accordingly, the discharge of 1,980,000 cubic feet per

second previously determined meets the current criteria set forth in Regulatory
Guide 1.59, " Design Basis Floods for Nuclaar Power Plants," Revision 1, April,
1976. This flood produces a design basis still water level of 545.4 feet above

mean sea level at the plant. Coincident wird waves produce runup of about 4 feet

against a vertical surface. This yields a design basis flood level of 549.4 feet

above mean sea level.

The applicant designed tre seismic Category I structures to withstand this flood
level. All openings on these buildings, inc!uding cpenings through exterior walls
such as air intakes and vents, below this level are provided with watertight seals
or bulkhead doors designed to resist the pressure resulting from the probable
maximum flood and coincident wind generated waves and runup. All seismic Category
I structures required for safe shutdown will remain accessible during all flood
conditions.

The ef fects of a probable maximum precipitation event in the immediate vicinity of
the plant were also investigated and would not flood the plant. The applicant

also :eevaluated the effects of the potential failure of upstream dams. They
concluded, and we concur, that those located along the main stream of the Ohio
River are too low to cause a higher flood level at the site than the probable
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mavimum flood. Their investigation of the mary tributary reservoirs indicates the
relative location and size would allow flood waves caused by failures to be almost
fully attenuated before reaching the site, and in no case cause a flood level
greater than the probable maximum flood. The applicant's flood protection pro-
cedures consist of various action levels based on predicted river elevations.

Early forecasts of flood ccnditions are provided by the National Weather Service.
The actual crest estimates by magnitude and date are a joint effort of the
National Weather Service and the U.S. Corps of Engineers; however, the Weather
Service is the official issuing agent. The station will be in direct contact with
the Weather Service on a routine basis during normal working days to ascertain
river and weather conditions and predictions. In addition, emergency plan imple-
menting procedures provide a method for contacting the National Weather Service
any time there is concern for river and weather conditions and/or predictions. In
addition to obtaining river predictions and conditions from the Weather Service,
station personnel will monitor river level and conditions periodically from the
service water pump structure.

When the National Weather Service predicts river elevation crests in excess of 487
feet (52 feet gage), the following flood protection preparations will be initiated
and completed as soon as possible, but before the river elevation exceeds 496 feet
(61 feet gage).

(1) Visually inspect the seals on watertight flood-control doors and flood-control
ventilation dampers.

(2) Observe the proper operation of the locking mechanisms of the wattttight
bulkhead doors.

The visual inspection of the seals and observation of proper operation of the
locking mechanisms of the watertight flood-control doors and flood-centrol
ventilation dampers are precautionary measures which can be completed in four

hours.

When the actual river elevation reaches 496 feet (61 feet gage), the station
operations personnel shall increase river surveillance by monitoring the level and
the rate at which the river level increases.

The station superintendent will declare an emergency alert due to river flood when
the river elevation exceeds 496 feet (61 feet gage) and crest predictions exceed
510 feet (75 feet gage) or river level rises greater than 0.50 feet in less than
one hour.

Upon emergency alert, the following flood protection precautionary measures will
be initiated:
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(1) Test run the emergency diesel generators.
(2) Order necessary consumable items.
(3) Test telephone and radio communication links.
(4) Verify proper operation of the sump pumps.

The above precautionary measures can be initiated and completed within four hours.
When river elevation reaches 510 (75 feet gage) feet and flood predictions are
greater than 517 (82 feet gage) feet, the watertight outside access doors to the
reactor building and the service water structure, located at or above the 520-foot
elevation, are closed or verified closed.

At a river elevation of 517 (82 feet gage) feet the unit will be shut down and
will be brought to the hot shutdown condition within the next six hours and to the
cold shutdown condition within the following thirty hours. The remaining watertight
flood control doors are closed when the river reaches the 517-foot elevation.
After the main shutdown is complete, all watertight ventilation flood-control
dampers are closed. Within four hours of reaching hot shutdown condition, all
watertight flood-control ventilation dampers shall be closed. In addition, the
circulating water pump structure shall be electrically isolated and all power
feeds to the structure safety-tagged. Supplementary action includes placing the
unit in the cold shutdown mode, shifting the entire heat load to one residual heat
removal heat exchanger when the decay heat load has decreased sufficiently. The
demineralized water, well water, and cycled condensate storage tanks shall be
filled to levels specified by the operations supervisor based uran flood predictions
and future anticipated operation. Radwaste systems shall be isolated, with the
radwaste tanks filled to levels specified by the rad / chem engineer.

Should the river level reach 520 feet (85 feet gage), the auxiliary electrical
load shall be shifted to the diesel generators. After the river returns to less

than 517 feet (82 feet gage), cleanup and testing requirements are specified.

Based on the above, we conclude that the applicant's proposed emergency operation
requirements are adequate to safeguard the plant from all floods up to and including
the probable maximum flood. These emergency operation requirements will be set
forth in greater detail in the technical specifications.

2.4.3 Water Supply

Condenser cooling requirements for the plant are satisfied by a natural draft
cooling tower. Make up water is pumped from the Ohio River and the blowdown,
after being discharged to a settling pond, is returned to the river. Safety-
related water supply is a once through system. The applicant stated that the
essential cooling water requirements are 28 cubic feet per second. The historical
minimum instantaneous low flow of 2100 cubic feet per second in the area was
recorded at Louisville, Kentucky, on August 20, 1930. Since then dams have been
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constructed which can be counted on to augment low flow for all but the most
severe drought conditions. The applicant concluded, and we concur, that suf-
ficient flow exists in the Ohio River for emergency requirements. We also
evaluated the sffects of zero flow condition and concluded that sufficient storage

exists in Markland Reservoir above the service water intaxe to provide sufficient

water supply storage for safe shutdown. The applicant also evaluated the extreme
low flow condition in the Ohio River (equivalent to the local minimum flow of
record in the area) coincident with complete loss of Markland Dam. His analysis
indicates that the resulting water level would be of sufficient depth to assure
adequate suction head on the pumps to maintain the safe shutdown conditions.

Accordingly, we conclude that the hydrologic design for the ultimate heat sink
meets the requirements set forth in Regulatory Guide 1.27, " Ultimate Heat Sink for
Nuclear Power Plants," Revision 1, dated March 1974 and is, therefore, acceptable.

2.4.4 Groundwater

The principal aquifers in the region are alluvial and outwash sand and gravel
deposits occurring along major stream courses. Bedrock aquifers, although of wide
areal extent, have limited potential for the development of groundwater supplies.
Groundwater levels at the site slope toward the Ohio River. Water levels in the
alluvial materials throughout the site are essentially horizontal.

Groundwater levels near the river will fluctuate in response to changes in river
stage. Under normal river stage conditions, the hydraulic gradient is toward the
river with a downstream component, but high water conditions will temporarily
change the direction of the gradient. The water table near the site is at a depth
of about 40 feet, approximately the sa?e as normal river stage.

The plant will use groundwater at an average rate of about 38 gallons per minute
with a short-term peak requirement of about 500 gallons per minute for make up for
the demineralizer trains. This water will be supplied by two wells, each capable
of developing 500 gallons per minute from the alluvial aquifer.

The applicant and we independently analyzed the effects of an accidental spill of
radioactive liquids at the proposed plant site. For the purposes of this
analysis, it was determined that the most c'itical case would be the failure of a
25,000 gallon waste tank in the radwaste building.

Upon a postulated rupture of the waste storage tank and the building, the radio-
active liquids would mix and travel with the groundwater according to the
hydraulic gradient of the groundwater. Even under flood conditions the direction
of travel would be towards the Ohio River. The nearest, and therefore most conserva-

tive, discharge point would be 700 feet down gradient at the river. Any spill
would be diluted first by the groundwater and further by the Ohio River. As
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surface wave s;rvey was perfonned to interpret the shear wave velocity character-

istics of the surficial soils. Micromotion measurements were made at three loca-
tions at the site to measure ambient ground motions.

Foundation Conditions

Subsurface investigations revealed the site to be underlain by 80 to 90 feet of
soll consisting of 14 to 50 feet of Recent and Pleistocene alluvium underlain by
52 to 75 feet of Pleistocene glaciofluvial deposits. The alluvium consists of
.oodplain deposits of the Ohio River and tittle Indian Creek. The upper unit of

alluvium consists of 3 to 15 feet of clayey and fine sandy silt, and silty sand
with root material. The lower alluvial unit consists of 12 to 35 feet of inter-
layered fine silty sand, fine sand, clayey sand, and silty clay. The alluvium is
highly variable in composition both laterally and vertically.

The Pleistocene glaciofluvial deposits which underlie the flood plain alluvium
were deposited from glacial meltwater and consist of fine to mediut sand grading
to a fine to coarse sand with depth. These deposits are highly variable both
laterally and vertically and contain local lenses of silty sand and gravelly sand
with occasional gravel layers.

The bedrock below the site consists of interbedded lirestones and shales of Middle
Ordovician age. The bedrock surface is relatively flat at an approximate elevation
of 410 feet above mean sea level. These rocks have closely to widely spaced
fractures and some irregularly spaced shale partings. Core recovery ranged from a
minimum of 46 percent near the top of rock to 100 percent approximately 10 feet
L0 low top of rock. No evidence of solution cavities in the limestone was reported
in the Final Safety Analysis Report. These rocks are underlain by older Paleozoic
sedimentary strata which in turn are underlain by igneous and metamorphic rocks of
the Precambrian complex.

No deformational zones such as shear zones, joints, fractures, folds or any other
feature which could produce instability of the foundattor.s were reported in the
Final Safety Analysis Report.

Groundwater levels at the plant site fluctuate with the stage of the Ohio River
and with recharge due to precipitation. An increase in the Ohio River stage is
reflected relatively quickly (within 24 hours) in the elevation of the groundwater
table at the site.

The normal river stage at the site is at elevation 455 feet above mean sea level.
The static groundwater level during normal river stage ranges from approximately
elevation 457 to 465 feet above mean sea level. The maximum groundwater level
measured at the site between August 1972 and November 1976 was 474.3 feet above

2-17



mean sea level. Soils below the groundwater table had to be dewatered in order to
construct the foundation. This was accompli!.hed with 15 deep wells designed to

dewater soils above elevation 440 feet above meen sea level.

Foundation Preparation

Based upon laboratory liquefaction analysis, it was determined that alluvial soils
and the upper glaciofluvial soils above about elevation 450 feet above mean sea
level did not have a sufficient margin of safety against liquefaction during the
safe shutdown eartSquake (0.20 times the acceleration of gravity horizontal),
while glaciofluvial soils below about elevation 450 feet above mean sea level
indicated an acceptable margin of safety. A suitable foundation base was provided
for the major structures by excavating all soils above elevation 450 feet above
mean sea level and backfilling with sand compacted to 85 percent minimum relative
density. Seismic Category I structures founded on compacted backfill include the
reactor, diesel generator, and auxiliary buildings. Other major structures
founded on compacted backfill include the turbine, radwaste, and heater bay
buildings.

During liquefaction, pore water pressures ir, sands increase resulting in a
decrease in shearing resistance. In the event of liquefaction of the natural
sands adjacent to the compacted backfill, resultant high pore water pressures
could be hydraulically transferred to the pore water of the compacted backfill.
This would decrease the shearing resistance of the compacted backfill as well

as reduce the effective stress on the base of the foundations.

To prevent the transfer of high pore water pressures to the compacted backfill in
the event of liquefaction of the adjacent soils, the compacted backfill was
enclosed in a relatively impervious clay envelope.

Prior to excavation below the groundwater table, the area was dewatered using a

deep well system Excavations for structures were extended a minimum lateral
distance beyond foundation lines equal to the vertica' distance between elevation

450 feet above mean sea level and the foundation base elevation. For the reactor
building the excavations were extended laterally 30 feet greater than the distance
indicated above to ensure acequate foundation support within the zone of major

stress concentrations. All excavation faces were cut with a 1.5 horizontal to ?
vertical slope yielding a reported minimum factor of safety against slope failure
of 1.4

The bottom of the excavation, composed of glaciofluvial sands, was densified to a
relative density of 85 percent prior to backfilling, as documented by 71 in place
density tests performed at elevation 449 feet above mean sea level, before instal-
lation of the clay blariket and compacted backfill materials.
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outlined in subsection 15.3.6 of this report we determined that all nuclide
concentrations would be small fractions of the limits of 10 CFR, Part 20, for un-
restricted areas.

2.4.5 Conclusions

Based on our independent review and analysis, we conclude that the plant is prntected
for all floods up to and including the probable maximum flood, that an adequate
water supply can be assured for safety-related purposes, and that postulated
accidental spills of radioactive liquids will result in radionuclide concentra-
tions that are a small fraction of 10 CFR, Part 20, limits at unrestricted areas.
Conditions for emergency operations during severe flouds up to and including a
probable maximum flood will be included in the technical specifications.

2. 5 Geology, Seismoloav and Geotechnical Engineering
2.5.1 Geoloqy

The geological aspects of the Zimmer 1 site as presented in the Preliminary Safety
Analysis Report were reviewed by us and our advisor, the U.S. Geological Survey.
We and the U.S. Geological Survey concluded at the time that the analysis per-
formed by the applicant appeared to be carefully derived and to hase considered
the geologic conditions pertinent to an engineering evaluation of the site. We
completed our review of the geology portion of the Final Safety Analysis Report.
As a result of that review, we find no information was presented to alter our
conclusions stated in the Safety Evaluation Report wM ch followed our review of
the Preliminary Safety Analysis Report.

2.5.2 Vibratory Ground Motion

The Seismological Investigations Group of the Earth Sciences Laboratories, National
Ocean and Atmospheric Administration, which is now a part of the U.S. Geological
Survey acting as our advisor reviewed the seismology of the Zimmer 1 site at the
construction permit stage. Their report concluded:

"As a result of this review of the seismological and geological charac-
teristics of the area around this proposed lower terrace site, the
Seismological Investigations Group is in agreement with the applicant's
values of acceleration, as stated in Amendment 5, of 0.10g to be adequate for
representing earthquake disturbances likely to occur within the lifitime of
this facility. Also, the Group ag ees that an acceleration of 0.20g as
stated in Amendment 5, is adcQuate to represent the ground motion from the
maximum earthquake likely to affect this site. It is believed that these
values would be adequate for designing protection against the loss of
function of components important to safety."
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The acceptance of the aforementioned design acceleration values as recommended by
the $elsmologic Group was conditional on the following commitment by tne applicant:

"Because of the possibility of liquefaction in the upper level of the flood
plain terrace at this site, the applicant, has indicated that for all Class I

structures, the foundation materials will be excavated to a level of 450 feet

and replaced with compacted fill. It is with this understanding that the
design values are recommended."

During our present review, no new information which would alter National Ocean and

Atmospheric Administration's conclusions has come to our attention. The applicant
has complied with the Seismological group's recommendation to remove existing
foundation materials to the 450 foot level and replace them with compacted fill.
Therefore, we conclude that the earlier evaluation findings remain valid. In
implementing plant design, the ground motion for the safe shutdown earthquake was
to be applied at the free field foundation level. The applicant has met this
requirement.

2.5.3 Stability of Subsurface Materials and Foundations

The site lies on a 0.5-mile-wide alluvial plain on the east side of the Ohio
River. The approximate elendtion of the flood p!ain is 500 feet above mean sea
level; the level of the Ohio River ranges from 455 to 490 feet above m.an sea
level. The essentially flat alluvial plain is bordered on the east by moderately
slopir.g uplands which rise to an elevation ranging between 700 and 850 feet mean
sea 1 7el. Plant structures are to be located on the alluvial plain at an average
final plant grade of 520 feet mean sea level.

Surface Explorations

Subsurface conditions were explored with 75 borings to determine the stratifica-
tion and properties of subsurface materials, and groundwater conditions. Representa-
tive soll and rock samples were obtained for field and laboratory testing to
establish static and dynamic engineering properties of the in situ materials.
Standard penetration tests were performed in conjunction with soil sampling and
the percent recovery of rock core was calculated for borings which extended into
bedrock.

Piezometers were installed in 21 of the borings to measure groundwster levels in
the overburden soils. Four piezometers were also placed in the underlying rock.
Geophysical explorations were conducted in the area of the plant site to measure
wave propagation velocities and to estimate the dynamic properties of the soil and
rock for comparison with laboratory data. Three seismic refraction profiles were
performed to evaluate the compressional wave velocities of the soil and rock. A
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_._ _ __ . . _ . .

Cocunients submitted by the applicant indicate the clay Dlanket was constructed to
conform to required density specifications, i.e. , a minimum dry density of 90
percent of American Society for Testing Materials Standard D698 maximcm dry density.
The remainder of the clay envelope was then constructed concurrently with the
placement of compacted and general Dackfill. Documented results of in place tests
indicate that minimum dry density (clays) and relative density (sands) requirements
have been achieved.

When structural fills reached speci'ied structural bearings elevations, mud mats
were installed over completed areas to prevent subsequ?nt damage to the sand bearing
surface.

Figure 2.5-50 of the Final Safety Analysis Report shows that the water level withir.
the clav envelope (Piezometer B) occasionally rises above the groundwater level and
above the base of the reactor containitent and cther seismic Category I foundations.

It is our position that the compacted backfill materials within the clay envelope be
dewatered during plant operation, when necessary as intended at the construction
permit stage and as described in Section 2.5.4.5.1.3 and Fig. 2.5-49 of the Final
Safety Analysis Report. Such measures will assure stability of the foundation
backfill in the event liquefaction occurs at the site, provide a means for
collecting and discharging infiltrated water which may be trapped in the encapsuled
fill, assure adequate effective stresses between foundations and fill, and provide a
means for determining the effectiveness of the clay blanket and for detecting
anomalous conditions. Water levels in the encapsulated backfill shall be swintained

at or below elevation 457 feet above mean sea level measured at the backfill
dewatering well. The applicant agreed to implement this position in accordance with
the construction permit stage commitsrent but has taken issue with the dewatering
level of 457 feet above mean sea level. The applicant' believes that the construc-
tion permit stage commitment was 48U teet above mean sea level and that 480 feet

provices adequate protection against excessive pore pressure in the compacted
backfill. We will continue discussions with the applicant and try to resolve this
detail prior to reactor operations. Until the matter is resolved, we will require
maintenance of the 457 foot level during operation. The applicant provided us with
the description and location of the dewatering system. We find the applicant's
commitment and implementation acceptable provided agreement is reached on the

dewatering level to be maintained. The resolution of this matter will be provided
in a supplement to this report and the required dewatering level will be specified
in the technical specifications.

The service water pump structure was built into the east bank of t'ie Ohio River.
The structure is founded on a concrete caisson extending to rock. A reinforced
concrete shell nas sunk to bedrock by excavating soil within the peritreter of the
shell and pouring successive concrete lifts. A 15-foot thick tremie concrete plug
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was poured over the ack and a 10-foot thick structural slab was poured over the
plug. Both the plug and the slab are keyed nto the shell wall to insure soundi

bearing on rock over the entire area of the 5tructure.

The area surrounding the service water pump structures was backfilled to elevation
500 feet above mean sea level with sands compacted to a minimum relative density
of 85 percent. The final backfill to elevation 520 feet above mean sea level will
be composed of either granular materials compacted to a minimum relative density
of 75 percent or cohesive soils compacted to a minimum dry density of 95 percent
of tha standard Proctor dry dentity test (American Society for Testing Materials

Standard 0-698).

Two seismic Category I pipelines and one duct run, each approximately 520 feet
long, were run together from the service water pump structure to the radwaste
building. The tops of the 30-inch pipes and duct runs were buried in sandy soils
about four feet below the St.rface to protect them f rom damaging surface loads and
from frost action. Each pipeline and duct unit length of 25 to 30 feet is
supported on six 20-inch diameter piles approximately 80 feet long. All piles

Thewere pre-drilled to a depth of 32 to 80 feet using a 16-inch diameter auger.
piles were driven to complete refusal using a vibratory hammer.

The pile bents have been designed to withstand the lateral drag forces that might
be imposed on the structure in the event of liquefaction of alluvial soils.

The intake ilume consists of a 30-foot wide by about 120-foot long channel forming

a 45 degree angle with the upstream bank of the Ohio River. The walls of this
channel are formed by sheet piling driven to bedrock and supported by three tiers
of horizontal struts spanning the channel and two tiers of tie rods. A cellular
cofferdam was formed on the upstream sides of the fiume by driving two additional
lines of sheet piling forming a triangular area that was back-filled with granular
fill and a top 10-foot layer of rip-rap. The base of the flumo is at elevation
437 feet above mean sea level.

Foundation Stability

Bearina Capacity

Static foundation pressures on compacted backfill range from dis 40 pounds per

square foot for the radvaste building to 9200 pounds per scuare foot for the
reactor containment. The minimum factor of safety computed against bearing type
failure under maximum static loading is 12 for the diesel generator building,
which is founded on compacted backfill. Bearing stability under dynamic loading
was addressed by sizing and proportioning foundations such that the peak founda-
tion pressures during seismic loading conditions will not exceed 150 percent of
the static foundation pressures. See subsection 2.5.4 below (Slope Stability) for

safety factors under earthquake effects.
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The factor of safety against bearing failure in the rock supporting the service
water pump structure is conservatively estimated to be about 70 for static con-

ditions and approximately 40 for combined static and dynamic loading. The appli-
cant based these factors on a gross static bearing pressure of 9.75 kilopounds per
sauare foot, a maximum combined static and dynamic gross bearing pressure of 16.8
kilopounds per square foot, and an ultimate bearing capacity of limestone bedrock
of 680 kilopounds per square foot.

Settlement

Settlement points were established in the buildings soon after the base mats were
poured. The applicant reported that the maximum measured total settlement for
seismic Category I structures was 0.96 inches for the reactor building. This was
measured approximately 25 months after the base mat was poured. The circulating
water pump structure had settled 1.8 inches in 17 months. Other structures
reportedly had measured total settlement less than the estimated values.
Structures founded on bedrock are expected to settle less than 0.06 inches
immediately upon application of the load.

It is our position that settlement points should be observed regularly until it is
evident that movement has ceased. Reports that include settlement and differential
settlement plots versus time and a comparison of allowable and actual settlement
should be provided to us on a semi-annual schedule until settlement of safety-
related structures hs ceased. The applicant committed to meet the provisions of
this position.

Liquefaction

Laboratory liquefaction analysis indicated that soils above elevation 450 feet
above mean sea level did not have a sufficient margin of safety against lique-
faction during the safe shutdown earthquake, while soils below elevation 450 feet
above mean sea level indicated an acceptable margin of safety. As a result, all
soils above 450 feet above mean sea level were removed and replaced with sand

compacted to 85 percent relative density to provide a suitable foundation for
plant structures.

The resistance of the compacted backfill to liquefaction was evaluated using a
two-dimensional plane-strain finite element analytical model. Factors of safety
against liquefaction were computed based on laboratory cyclic triaxial tests using
both 10 percent double amplitude strain and initial liquefaction to define soil
failure. The factor of safety was then defined as the ratio of cyclic shear
strength to the average cyclic shear stress for five cycles induced in a soil
element by the safe shutdown earthquake. The safe shutdown earthquake used in the
analysis was 0.20 times the acceleration of gravity horizontal. The water level
at the site was assumed to be 508.6 feet above mean sea level or about 45 feet
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above normal groundwater level. The higher value was used because of tra large
fluctuations in river stages, the plant's proximity to the river and the quickness
of the groundwater level to river stages. The minimum factors of safety with
respect to 10 percent double amplitude strain were found to be 2.91 for the
recompacted fill and 1.87 for the in situ soils below 450 feet above mean sea
level. Similarly, the minimum factors of safety against liquefaction with respect
to initial liquefaction were determined to be 3.04 for recompacted fill and 1.96
for in situ soils below 450 feet above mean sea level.

Based on the results of the liquefacu on analysis, we conclude that there is
adequate safety ag& inst liquefaction for ground acceleration levels up to 0.20
times the acceleration of gravity provided the compacted backfill materials are
kept in a dewatered condition as stated in the foundation Preparation subsection
above.

2.5.4 Slope Stability

Slopes of compacted backfill beneatn the reactor building and the diesel generator
building were analyzed fnr stability in the event of liquefaction of adjacent
scils. These buildings were chosen as the most critical slope stability cases
because of the high foundation load of the reactor building (9.2 kilopounds per
square foot) and the high slope beneath the diesel generator building (50 feet).
Slopes were analyzed using finite element programs in a pseudo-dynamic approach as
described in the Final Safety Analysis Report. For the reactor building under 1.5
times foundation load and 0.2 times the acceleration of gravity horizontal accele-
ration, the minimum seismic safety factor calculated was 1.49. For the diesel

generator building under the same conditions, the minimum seismic safety factor is

1.30.

The intake flume has been designed to protect the intake area from blockage in the
event soil liquefaction occurs by forming a sheet pile walled channel extending
about 80 feet from the bank and anchored by a sheet pile cellular section at the
end. The sheeting was driven to vock or below the Zone of potentially liquefiable

soil.

2.5.5 Summan

We conclude that sufficiently conservative measures have been taken to mitigate
the effects of potential instability of the slopes along the river bank. Also,
based on our review of the information available and on the implementation of the
above positions, we conclude that the site and plant foundations are acceptable
for the safe operation of Unit 1 of the W. H. Zimmer Nuclear Power Station.
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s. 0 DEclGN CRITERIA FOR STRUCNRES, SYSTEMS AND COMPONENTS

3.1 Conformance with Nuclear Regulatory Commission General Design Criteria

In Section 3.0 of the Final Safety Analysis Report, the applicint presented an
evaluation of the design bases for the William H. Zimmer Nuclear Power Station
against the Nuclear Regulatory Commissloris General Design Criteria listed in
Appendix A of 10 CfR, Part 50. We evaluateo the final design and the design
criteria and conclude, subject to tne applicant's adoption of the additional
requirements made by us as discussed in t.his report, that the Zimmer Station has
been designed to meet the requirements of the General Design Criteria.

3.1.1 Conformance With Industry Ccdes anct Standards

Our review of structures, systems and components relies extensively or 'he appli-
cation of industry codes and standards that have been u'ed as accepted industry
practice. These codes anti standards, as cited in this repurt and attached
bibliography, have been previously reviewed and found acceptable by us; and have
been incorporated into our Standard Review Plans.

3.2 QassificationofStructures,Cor.ponentsandSystems
3.2.1 Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant struc-
tures, systems, and components important to safety be designed to withstand the
effects of earthquakes without loss of capability to perform their safety function.
These plant features are those necessary to assure (1) the integrity of the reactor
coolant pressure boundary, (2) the capability to shut down the reactor and maintain
it in a safe shutdown condition, or (3) the capability to prevent or mitigate the
consequence, of accidents which coulo result in potential offsite exposure * com-
parable to 10 CFR, Part 100 guideline exposures.

Structures, systems, and components important to safety that are required to be
designed to withstand the effects of a safe shutdown earthquake and remain func-
tional have in general been properly classified as seismic Category I items, in
conformance with Regulatory Guide 1.29, " Seismic Design Classification." All other
structures, systems, and compononts that may be required for operation of the facil-
ity have been designed to other than seismic Category I requirements including those
portions of seismic Category I systems such as vent, drain and test lines on the
downstream side of isolation valves which are not required to perform a safety
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function. Structures, systems, and components important to safety that have been
designed to withstand the effects of a safe shutdown earthquake and remain func-
tional are identified in an acceptable manner in Table 3.2-1 of the Final Safety
Analysis Report. The basis for acceptance in cur review has been conformance of the
applicant's designs, design criteria and design bases for structures, systems, and
components important to safety with the Commission's regulations as set forth in
General Design Criterion 2 and to Regulatory Guide 1.29, " Seismic Design Classifi-
cation," our technical positions and industry codes and standards.

We conclude that structures, systems, and components important to safety that are
designed to withstand the effects of a safe shutdown earthquake and remain functional
have been properly classified as seismic Category I items in conformance with the
Commission's regulations, the applicable regulatory guides, and industry codes and
standards and are acceptable. Design of these items in accordance with seismic
Category I requirements provides reasonable assurance that in the event of a safe
shutdown earthquake, the plant will perform in a manner providing adequate safeguards
to the health and safety of the public.

3.2.2 System Quality Group Classification

Criterion 1 of the General Design Criteria requires that the nuclear power plant
systems and components important to safety shall be designed, fabricated, erected,
and tested to quality standards commensurate with the importance of the safety
function to be performed. Fluid system pressure-retaining components important to
safety have been designed, fabricated, erected and tested to quality standards
commensurate with the importance of the safety function to be performed. The appli-
cant identified those fluid-containing components which are part of the reactor
coolant pressure boundary and other fluid systems important to safety where reliance
is placed on these systems: (1) to prevent or mitigate the consequences of acci-
dents and malfunctions originating within the reactor coolant pressure boundary, (2)
to permit shutdown of the recctor and maintain it in a safe shutdown condition, and
(3) to contain radioactive material. These fluid systems have been classified in an
acceptable manner in Tables 3.2-1 and 3.2-3 of the Final Safety Analysis Report and
on system piping and instrumentation diagrams in the Final Safety Analysis Report
based on conformance with Regulatory Gtide 1.26, " Quality Group Classification and

Standards."

The applicant has applied Quality Groups A, B, C, and D in Regulatory Guide 1.26,
" Quality Group Classifications and Standards," to the fluid system pressure retaining
components important to safety. These components that are classified Quality Group A,
B, C, or D have been constructed to the codes and standards identified in Table 3.2-2
of the Final Safety Analysis Report.
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3. 3 Wind and Tornado loadings
3.3.1 Wind Design Criteria

All seismic Category I structures exposed to wind forces are designed to withstand
the effects of the design wind. The design wind specified has a velocity of 90
miles per hour based on a recurrence of 100 years.

The procedures that are used to transform the wind velocity into pressure loadings
on structures and the associated vertical distribution of wind pressures and gusts
factors are in accoraance with American Society of Civil Engineers Standard Paper
Number 3269. This document is acceptable to us.

The procedures that are utilized, based on the above paper, to determine the loadings
on seismic Category I structures induced by the design wind specified for the plant
are acceptable since these procedures provide a conservative basis for engineering
design to assure that the structures will withstand such environmental forces.

The use of these procedures provide reasonable assurances that in the event of

design basis winds, the structural integrity of the plant siesmic Category I struc-
tures will not be impaired and, in consequence, seismic Category I systems and
components located within these structures are adequately protected and will perform
their intended safety functions, if needed. Conformance with these procedures is an
acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.

3.3.2 Tornado Design Criteria

All seismic Category I structures exposed to tornado forces and needed for the safe
shutdown of the plant are designed to resist a tornado of 300 miles per hour
tangential wind velocity and a 60 miles per hour translational wind velocity. The
simultaneous atmospheric pressure drop was assumed to be 3 pounds per square inch in
2 seconds.

The procedures that were used to transform the tornado wind velocity into pressure
loadings are similar to those used for the design wind loadings as discussed in
subsection 3.3.1 of this report. The tornado missile effects were determined using
proceduras discussed in subsection 3.5 of this report. The total effect of the
design tornado on seismic Category I structures was determined by appropriate
combinations of the individual effects of the tornado wind pressure, pressure drop
and tornado associated missiles. Structures are arranged on the plant ite and
p*otected in such a manner that collapse of structures not designed for the tornado
will not affect other safety-related structures.

The procedures utilized, based on the American Society of Civil Engineers paper
cited above, to determine the loadh.gs on structures induced by the design basis
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tornado specified for the plant are acceptable since the procedures provide a con-
servative basis for engineering design to assure that the structures will withstand
such environmental forces.

The use of these procedures provides reasonable assurance that in the event of a
design basis tornado, the structural integrity of the plant structures that have to
be designed for tornadoes will not be impaired and, in consequence, safety-related
systems and components located within these structures will be adequately protected
and may be expected to perform necessary safety functions as required. Conformance
with these procedures is an acceptable basis for satisfying the applicable require-
ments of General Design Criterion 2.

3.4 Water Level Design

3.4.! Flood Protection

The external walls of safety-related structures that are below the plant grade
elevation are protected from flood waters by waterproofing materials. The probable
maximum flood level is 545.4 feet above mean sea level and, in addition, wir.d wave

runup was assumed to be an additional four feet. The safety-related components at
the elevations between the plant grade and the probab'e maximum flood levels are
protected since the applicant designed the walls of the structure in which the
safety related equipment are housed of sufficient thickness to withstand the
hydrostatic pressure resulting from the probable maximum flood.

The piping penetrations into safety-related structures that are below the probable
maxmum flood level are provided with flood seals. Access openings to safety-related
structures that are below the probable maximum flood level are provided with water
tight doors to protect equipment from flood waters.

As a result of its review, we conclude that the design meets the requirements of
General Design Criterior. 2, with respect to the protection of essential equipment
from the effects of ground water flooding and from the design basis flood and is,
therefore, acceptable.

3.4.2 Water Level (Flood) Design Procedures

The design flood level resulting from the most unfavorable condition or combination
of conditions that produce the maximum water level at the site is discussed in
subsection 2.4, Hydrology, of this report. The hydrostatic effect of the flood was
considered in the design of all seismic Category I structures exposed to the water
head.

The use of the loads from the design flood or highest groundwater level provides
reasonable assurance that in the event of finods or high groundwater, the
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structural integrity of the plant seismic Category I structures will not be impaired
and, in consequence, seismic Category I systems and components located within these

structures will be adequately protected and may be expected to perform necessary
safety functions, as required. Conformance with these design procedures is an
acceptable basis for satisfying the applicable requirements of General Design
Criterion 2.

3.5 Missile Protection

Criteria 2 and 4 of the General Design Criteria require that structures, systems and
components important to safety be protected against or designed to withstand the
effects of missiles that may result from equipment failures both within and outside
the containment and from events and conditions outside the plant such as tornadoes.

3.5.1 Internally Generated Missiles

The plant is designed so that missiles from plant sources outside of containment do
not cause or increase the severity of an accident.

Protection against postulated missiles associated with plant operation, such as
missiles generated by rotating or pressurized equipment is provided by any one or a
combination of compartmentalization, barriers, separation, and equipment design.
The primary means of providing protection to safety-related equipment is through the
use of plant physical arrangement. Safety related systems are physically separated
from nonsafety related systems and the redundant components of safety-related systems
are physically separated such that a potential missile could not damage both trains
of the safety-related system.

We reviewed the adequacy of the applicant's design necessary to maintain the capa-
bility for a safe plant shutdown in the event of any missile generated outside
containment. We conclude that the design is in conformance with General Design
Criterion 4 as it relates to structures housing essential systems and to the systems
being capable to withstand the effects of plant generated missiles, Regulatory Guide
1.13, " Spent Fuel Storage Facility Design Basis," as it relates to protection of
spent fuel pool systems and spent fuel assemblies from plant generated missiles, and
is, therefore, acceptable.

Inside containment the applicant protects all seismic Category I structures, systems,
and safety-related components from missiles through component arrangement or through
suitable barriers which isolate the missile or shield the component. The applicant
identified the following missiles from pressurized equipment: valve bonnets, valve
stems, thermowells, retaining bolts, and control rod drive mechanisms.

Missiles may also result from destructive overspeeding of a recirculation pump and
motor following a postulated full double ended pipe break in either the suction or

3-5



discharge line of a recirculation loop. The applicant stated that parts from the
fractured impeller are not capable of causing damage because pipe restraints minimize
displacement of the ends of the broken pipe. Use of a decoupler between the pump
and motor to prevent destructive overspeed of the motor has been studied by the
General Electric Company and discussed with us. The use of such decouplers and the

generation of missiles from overspeed of both the motor and impeller of the recircu-
lation pump is a generic problem which is being reviewed by us under Task Action
Plan B-68, "Purep Overspeed During a LOCA." At this time, we believe that the
probability of such an event that would result in damage to safety-related equipment
is acceptably low. We will require that Zimmer modify the plant in accordence
with the requirements resulting from the generic study.

We conclude that the applicant's design provides adequate protection for essential
structures and system inside of containment and that they are protected from
internally generated missiles as required by Criterion 4 or the General Design
Criteria and is acceptable.

3.5.2 Turbine Missiles

Portions of the Zimmer Nuclear Power Station safety related structures are within
one low trajectory turbine missile strike zone. This includes the auxiliary building,
the diesel generator building, and the reactor building. The diesel generators are
situated at an elevation which is below the turbine operating floor. This location
rules out the potential for turbine missiles damaging the diesel generators, since
the missiles would impact the turbine building floor with a large angle of incidence
(about 80 degrees), producing a grazing impact rather than penetration.

Our preliminary review of low trajectory turbine missiles with respect to safety-
related systems within the auxiliary building and reactor building indicated the
potential for damaging some safety-related systems. We requested the applicant to
provide a detailed missile strike and damage analysis with respect to these plant
areas. The applicant, using a Monte Carlo type computer program for missile simula-
tion, calculated the probability of striking and damaging a safety-related system.
His results indicate that the probability of striking and damaging a safety-related

-3system (taking redundancy and separation into account) is 3 x 10 per turbine
failure at destructive overspeed.

,

We reviewed the applicant's turbine missile transport model and found that there are
several assumptions within the model which are not sufficiently conservative.
Specifically, the applicant uses (a) a dimensionless point representation of the
missile along its flight (b) the Petry equation for calculating penetratioas into
concrete, and neglects (c) the effects of secondary missiles due to concrete spalling.
Consequently we performed an independent analysis wherein the above items are con-
sidered conservatively. Our analysis is based on non point missile representation.
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the use of the modified National Defense Research Committee equations for concrete
penetration, and the inclusion of secondary missiles due to spalling. Using these
assumptions, we reviewed the detailed plant layout drawings and estimated that the
strike and damage probability for safety-related systems (taking redundancy and

-5separation into account) is about 0.043 per destructive overspeed. Using 4 x 10
as the annual frequency for destructive turbine overspeed, we find that the total

-6probability for turbine missile damage is approximately 10 per turbine year and so
meets the acceptance criteria outlined in Standard Review Plan Section 2.2.3. Thus,

we conclude that the turbine missile hazard is sufficiently low for the Zimmer Unit
No. I plant design, and that the plant layout is acceptable in this respect.

3.5.3 Tornado Missiles

The applicant's assessment of hazards due to missiles generated by natural phenomena
at the site was reviewed by us. The applicant showed that barriers are provided
against tornado missiles for all plant structures, systems, and components requiring
protection. These barriers were designed in accordance with the procedures discussed
below and are acceptable.

In accordance with proposed Revision 1 of the Standard Review Plan 3.5.1.4, operating
license applicants, who were not required to design to the missile spectrum described
in Revision 0 of the Standard Review Plan 3.5.1.4, should provide sufficient protec-
tion at least against the following missiles:

Missile C.a. Steel Rod, 1-inch diameter, 3 feet long, weight 8 pounds, travelling
horizontally at 316 feet per second and vertically at 252 feet per
second at all elevations.

Missile F.a. Utility Pole, 13 1/2-inches diameter, 35 feet long, weight
1490 pounds, travellir.g horizontally at 211 feet per second and
vertically at 169 feet per second, at all elevations below 30 feet
above all grade levels within 1/2 mile of the facility structures.

We have reviewed the applicant's design and find that the applicant has provided
barriers against these missiles with respect to all plant structures, syst , and

components requiring tornado missile protection. Specifically, the applicant
indicates that, with the exception of portions of the auxiliary building and diesel
generator building, all structures have at least two feet of reinforced concrete of
4,000 pounds per square inch minimum compressive strength. The auxiliary building
and diesel generator building roof openings are protected by concrete cubicles with
a minimum wall and ceiling thickness of 20 inches.

The results of the Electric Pcwer Research Institute tornado missile tests have
demonstrated that walls and roofs consisting of steel reinforced concrete h:ving a
concrete strength of 3000 pounds per square inch or greater and thicknesses of 18
inches or greater will provide adequate protection against tornado missiles C and F.
We have previously agreed with the results of the tornado protection criteria used
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by the applicant in a letter from B. Rusche to Kennedy at Stone and Webster, dated
October 18, 1976. We therefore find that all of the above barriers are sufficient
to provide adequate protection against the steel rod and utility po?e missiles and
thus find the plant design to be acceptable with respect to tornado missile
protection.

3.5.4 Aircraft Hazards

The applicant's assessment of aircraft hazards at the site has been independently
verified by as. There are no major airports within 10 miles of the site, and the
nearest sigrificant air traffic is Federal Airway V128, which is about three miles
at the nearest approach to the site. Based on this information, we estimate that
the probability for an accident having radiological consequences greater thar. the
exposure guidelines of 10 CFR, Part 100 is less than about 10 per year. We con-
clude, therefore, that aircraf t activity in the vicinity of the Zimmer plant will
not unduly affect the plant operation and does not present an undue risk to the
health and safety of the public.

3.5.5 Barrier Desf on Procedures

The plant seismic Category I structures, systems and components are shieldeo from,
or designed for, various postulated missiles. Missiles considered in tte design of
structures include tornado generated missiles and various containment internal
missiles, such as those associated with a loss-of-coolant accident.

Information has been provided indicating that the procedures cited in Standard
Review Plan 3.5.3, " Barrier Design Procedures," that were used in the design of the
structures, shields and barriers to resist the effect of missiles are acceptable.

The analysis of structures, shields and barriers to determine the effects of missile
impact was accomplished in two steps. In the first step, the potential damage that
could be done by the missile in the immediate vicinity of impact was investigated.
This was accomplished by estimating the depth of penetration of the missile into the
impacted structure. Furthermore, secondary missiles are prevented by fixing the
target thickness well above that determined for penetration. In the second step of
the analysis, the overall structural response of the target when impacted by a
missile was determined using established methods of impactive analysis. The equiva-
lent loads of missile impact, whether the missile is environmentally generated or
accidentally generated within the plant, were combined with other applicable loads
as is discussed in subsection 3.8 of this report.

The referenced procedures that were utilized to determine the effects and loadings
on seismic Category I structures and missile shields and barriers induced by design
basis missiles selected for the plant are acceptable since these procedures provide
a conservative basis for engineering design to assure that the structures or barriers
are adequately resistant to and will withstand the effect of such forces.
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The use of these procedures provides reasonable assurance that in the event of
design basis missiles striking seismic Category I structures or other missiles
striking seismic Category I structures or other missiles shields and barriers, the
structural integrity of the structures, shields, and barriers will not be impaired
or degraded to an extent that will result in a loss of required protection. Seismic
Category I systems and components protected by these structures are, therefore,
adequately protected against the effects of missiles and will perform their intended
safety function, if needed. Conformance with these procedures is an acceptable
basis for satisfying the applicable requirements of General Design Criteria 2 and 4.

3.6 Protection Against Dynamic Effects Associated With The Postulated Rupture of Piping

Plant design criteria applied to the design of the facility are intended to accom-
modate the ef fects of postulated pipe breaks and cracks, including pipe whip, jet
effect, and environmental effects. The means used to protect safety related systems
and components include physical separation, enclosure within suitably designed
structures, pipe whip restraints and equipment shields. Protection against pipe
failure outside containment is in accordance with A. Giambusso's letter (NRC), dated
December 12,1972, " General Information Required for Consideration of the Ef fects of
a Piping System Break Outside Containment," which is referenced in Standard Review

Plan 3.6.1, " Plant Design for Protection Against Postulated Piping Failures in Fluid
Systems Outside Containment." The applicant analyzed high energy piping systems for
the effects of pipe whip, jet impingement and environmental effect on safety-related
systems and structures.

The plant design basis includes the ability to sustain a high energy pipe break
accident coincident witn a single active failure and retain the capability for safe
cold shutdown. For postulated pipe failures, the resulting environmental effect
will not preclude the habitability of the control room, and will not cause a loss of
function of electric power supplies, controls and instrumentation needed to complete
a safety action.

The applicant also presented ia analysis on the effect of the moderate energy line
breaks outside containment on safety-related systems. The moderate energy systems
are designed to meet the criteria set forth in Branch Technical Position, Auxiliary
Power and Conversion Systems Branch 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment." We evaluated the analysis and
conclude that a postulated pipe crack in a moderate energy line will not cause loss
of function of a safety-related system.

Based on our review, we conclude that the applicant adequately designed and protected
areas and systems required for safe plant shutdown following postulated events,
including the combination of pipe failure and single active failure. The plant
design meets the criteria set forth in A. Giambusso's letter dated December 12,
1972, " General Information Required for Consideration of the Effects of a Piping
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System Break Outside Containment" as regards to protection of safety related systems
and components from a postulated high energy line break, and the Branch Technical
Position, Auxiliary Power and Conversion Systems Branch 3-1 as regards to protection
of safety-related systems and components from a postulated moderate energy line
failure and is, therefore, acceptable.

We reviewed the applicant's criteria for classifying piping systems as moderate or
high energy systems and selecting the locations where pipe breaks and leakage cracks
are postulated to occur, both inside and outside the containment. The applicant
provided a summary of results indicating the systems and postulated pipe break
locations in the Zimmer Station systems consistent with the criteria. We find that
the applicant's criteria provides a level of protection equivalent to that provided
by Regulatory Guide 1.46, " Protection Against Pipe Whip Inside Containment" and
Branch Technical Position, Mechanical Engineering Branch 3-1, " Postulated Break and
Leakage Locations in Fluid System Piping Outside Containment," for postulating pipe
breaks inside and outside containment. The analytical methods and procedures used
to establish restraint locations and pipe and restraint interaction are based on
generally acceptable methods in accordance with the above referenced criteria which
have been demonstrated to provide realistic results. The pipe whip restraints are
designed to withstand the resultant loads and remain intact to assure the protection
of essential structures, systems and components.

The applicant provided for protection against the simultaneous occurrence of a safe
shutdown earthquake and rupture of the largest pipe at any one of the design break
locations and resulting coolant discharge. The applicant's program provides reason-
able assurance that the following safety conditions and functions are accommodated
and ensured:

(1) The magnitude of the design basis loss-of-coolant accident cannot be aggravated
by potentially multiple failures of piping.

(2) The reactor emergency core cooling systems can be expected to perform their
intended function.

(3) Structures, systems and compor.ents important to safety will be protected.

We conclude that the applicant's postulated pipe break criteria constitutes an
acceptable design basis for meeting the applicable requirements of General Design
Criteria Nos. 1, 2, 4 14, and 15.

3.7 Seismic Design

3.7.1 Seismic Input

The input seismic design response spectra, operating basis earthquake and ;afe
shutdown earthquake applied in the design of seismic Category I structures, systems,
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and components and the specific percentage of critical damping values used in the
seismic analysis of seismic Category I structures, systems and components are con-
sidered acceptable. We have not changed our conclusions in this regard from those
arrived at and described in our Safety Evaluation Report dated February 18, 1972,
for the construction permit review.

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

Conformance with these .quirements provides reasonable assurance that for an earth-
quake whose intensity is 0.10 times the acceleration of gravity for the operating
basis earthquake, and 0.20 times the acceleration of gravity for the safeshutdown
earthquake, the inputs to seismic Category I structures, systems, and components are
adequately defined to assure a conservative basis for the design of such structures,
systems and components to withstand the consequent seismic loadings.

3.7.2 Seismic System and Subsystem Analysis

The scope of review of the seismic system and subsystem analysis for the plant
included the seismic analysis methods for all seismic Category I structures, systems
and components. It included review of procedures for modeling, seismic soil-
structure interaction, development of floor response spectra, inclusion of torsional
effects, evaluation of seismic Category I structure overturning, and determination
of composite damping. The review included design criteria and procedures for evalu-
ation of interaction of non-seismic Category I structures and piping with seismic
Category I structures and piping and effects of parameter variations on floor response
spectra. The review also included criteria and seismic analysis procedures for
reactor internals and seismic Category I buried piping outside the containment.

The system and subsystem analyses were performed by the applicant on an elastic
basis. Modal response spectrum, multidegree of freedom and time history methods
form the bases for the analyses of all major seismic Category I structures, systems
and components. When the modal response spectrum method was used, governing response

parameters were combined by the square root of the sum of the squares rule. However,
the absolute sum of the model responses were used for modes with closely spaced
frequencies. The square root of the sum of the squares of the maximum codirectional
responses was used in accounting for three components of the earthquake motion for
both the time history and response spectrum methods. Floor spectra inputs used for
design and test verifications of structures, systems, and components were generated
from the time history method, taking into account variation of parameters by peak
widening. A vertical seismic system dynamic analysis was employed for all struc-
tures, systems and components where analyses show significant structural ampli-
fication in the vertical direction. Torsional effects and stability against over-

turning were considered.
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fhe finite element approach was used to evaluate soil-structure interr ' ion and
structure to structure interaction effects upon seismic respo mes. For the finite
element analysis, appropriate nonlinear stress-strain and damping relationships for
the soil were considered in this analysis.

We conclude that the procedures indicated by the applicant in the above paragraphs
provide reasonable assurance that the design loads will not be exceeded during the
design basis earthquake event.

3.7.3 Seismic Instrumentation program

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

The installation of the specified seismic instrumentation in the reactor containment
structure and at other seismic Category I structures, systems, and components, which
complies with Regulatory Guide 1.12, constitutes an acceptable program to record
data on seismic ground motion as well as data on the frequency and amplitude
relationship of the response of major structures and systems. A prompt readout of
pertinent data at the control room can De expected to yield sufficient information
to guide the operator on a timely basis for the purpose of evaluating the seismic
response in the event of an earthquake. Data obtained from such installed seismic
instrumentation will be sufficient to determine that the seismic analysis assump-
tions and the analytical model used for the design of the plant are adequate and
that allowable stresses are not exceeded under conditions where continuity of

operation is intended. P- fision of such seismic instrumentation complies with

Regulatory Guide 1.12.

3.8 Design of Seismic Category I Structures

3.8.1 Concrete Containment

The reactor coolant system is enclosed in a prestressed concrete containment as
described in Section 3.8.1 of the Final Safety Analysis Report. The containment
structure is designed in accordance with applicable subsections of the American
Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III, and
American Concrete Institute Standard 318 to resist various combinations of dead
loads, live loads, envircnmental loads including those due to the operating basis
earthquake, the safe shutdown earthquake, and loads generated by the design basis
accident including pressure, temperature and associated pipe rupture effects.
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Static analyses for the containment shell, the base and the liner design for the
containment were based on accepted industry methods in accordance with Standard
Review Plan 3.8.1, " Concrete Containment."

Materials, construction methods, and quality control measures are covered in the

final Safety Analysis Report and, likewise, are in accordance with accepted industry
practices as cited above.

Prior to operatics, the containment will be subjected to an acceptance test in
accordance with the Regulatory Guide 1.18, " Structural Acceptance Test for Concrete
Primary Reactor Containmenti," during which the internal pressure will be 1.15 times
the containment design pressure.

The use of these criteria, codes, standards and specifications as defined in the
Standard Review Plan 3.8.1 cited atm, the loads and loading combinations; the
design and analysis procedures; the structu al .cceptance criteria; the materials,
quality control program 5 and special construction techniques; and the testing and
in-service surveillance requirements provide reasonable assurar.ce that, in the event
of winds, tornadoes, earthquakes and various postulated accidents, except as noted
below, occuring witnin the containment, the structure will withstand the specified
design conditions without impairment of structural integrity or safety function.
Conformance with these criteria constitutes an acceptable basis for satisfying the
applicable requirements of General Desigr. Criteria 2, 4, 16, and 50.

The design of the containment and its ir.terior structures to withstand pool dynamic
loads such as hydrodynamic pipe break accident loads remains to be confirmed. The
applicant has not completed all of the reanalysis taking into consideration pool
dynamic loads nor have bounding pool dynamic loads been confirmed. The applicant
plans to complete + % .J'aining analysis six months prior to constrcction completion
and the results will be cov ared against our criteria for acceptance (see subsection
6.2.1 of this report). In at:'ition, we informed the applicant of additional concerns
we have as a result of our review of the closure report. Resolution of these matters
will be provided in a supplement to this report.

3.8.2 Coacrete and Structural Steel Internal Structures

The containment interior structures consist of the shield wall around the reactor, a
reactor pedestal and other interior walls, compartments and floors. The major code
used in the design of concrete internal structures was American Concrete Institute
Standard 318-71, " Building Code Requirements for Reinforced Conciet. For steel"

internal actures the American Institute of Steel Construction Specification,
" Specification for the Design, Fabrication and Erection of Structural Steel for
Buildings," was used.
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The containment concrete and steel internal structures are designed to resist various
combinations of dead and live loads, accident-induced loads, including pressure and

jet loads, and seismic loads. The load combinations used cover those cases likely
to occur and include all loads which may act simultaneotsly. The design and analysis
procedures that were used for the internal structures are in accordance with proce-
dures delineated in the American Concrete Institute Sttndard 318-71 Code and in the
American Institute of Steel Construction Specification for concrete and steel
structures, respectively.

The containment internal structures are designed and propc. d '.oned to remain within

Ilmits established by us under the various load combinations. These limits are, in
general, based on the American Concrete Institute Standvd 318-71 Code and on the
American Institute of Steel Construction Snecification for concrete and steel struc-
tures, respectively, modified as approprit.e for load combinations that are
considered extreme.

The materials of construction, their fabrication, construction and installation, are
in accordance with the American Concrete Institute Standard 318-71 Code and American
Institute of Steel Construction Specification for concrete and steel structures,
respectively.

The criteria that were used except as noted below in the design, analysis, and
construction of the containment internal structures to account for anticipated
loadings and postulated conditions that may be imposed upon the structures during
their service lifetime are in conformance with established criteria, and with codes,
standards, and specifications acceptable to us.

The use of these criteria, codes, standards and specificications, as defined in
Standard Review Plan 3.8.3, " Concrete and Steel Internal Structures of Steel or
Concrete Containments;" the loads and loading combinations; the design and analysis

procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and in-service
surveillance requirements provide reasonable assurance that, in the event of earth-
quakes and various postulated accidents, except as noted below, occurring within the
containment, the interior structures will withstand the specified design conditions
without impairment of structural integrity or the performance of required safety
functions. Conformance with these criteria constitutes an acceptable basis for
satisfying the applicable requirements of General Design Criteria 2 and 4.

The design of concrete and structural steel structures interior to the wet well to
withstand pool dynamic loads such as hydrodynamic pipe break accident loads remains

to be confirmed as discussed in subsection 3.8.1 above.
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3.8.3 Other Seismic Category I Structures

Seismic Category I structures other than containment and its interior structures are
all of structural steel and concrete. The structural components consist of slabs,
walls beams and columns. The major code used in the design of concrete seismic
Category I structures is the American Concrete Institute Standard 318-71, " Building
Code Requirements for Reinforced Concrete." For steel seismic Category I structures,
the American Institute of Steel Construction Specification, " Specification for the
Design, Fabrication and Erection of Structural Steel for Buildings," was used.

The concrete and steel seismic Category I structures are designed to resist various
combinations of dead loads; live loads; environmental loads incuding winds, tornadoes,
the operating basis earthquake and the safe shutdown parthquake; and loads generated
by postulated ruptures of high energy pipes such as reaction and jet impingement
forces, compartment pressures, and impact effects of whipping pipes.

The design and analysis procedures that were used for these seismic Categury I
structures are the same as those approved on previously licensed applications and,
in general, are in accordance with procedures delineated in the American Concrete
Institute 318-71 Code and in the American Institute of Steel Construction Speci-
fication for concrete and steel structures, respectively.

The various seismic Category I structures are designed and proportioned to remain
within limits established by us under the various load combina.tions. These limits
are, in general, based on the American Concrete Institute Standard 318-71 Code and
on the American Institute of Steel Construction Specification for concrete and steel
structures, respectively, modified as appropriate for load combinations that are
considered extren.e.

The materials of construction, their fabrication, construction and installation, are
in accordance with the American Concrete Institute 318-71 Code and the American
Institute of Steel Construction Specification for concrete and steel structures,
respectively.

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

The use of these criteria, codes, standards and specifications as defined in the
Standard Review Plan 3.8.4, "Other Seismic Category I Structures"; the loads; loading
comoinations; the design and analysis procedures; the structural acceptance criteria;
the materials, quality control, and special construction techniques; and the testing
and in-service surveillance requirements provide reasonable assurance that, in the
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event of winds, tornadoes, earthquakes and various postulated accidents occuring4

within the structures, the structures will withstand the specified design conditions
without impairment of structural integrity or the performance of required safety

'

*

functions. Conformance with these criteria, codes, specifications, and standards

. constitutes an acceptable basis for satisfying the applicable requirements of General L

Design Criteria 2 and 4.

3.8.4 Foundations
-

.

Foundations of seismic Category I structures are described in Section 3.8.5 of the ,'J

4 Final Safety Analysis Report. Primarily, these foundations are reinforced concrete };
- of the mat type. The major code used in the design of thcse concrete mat founda- ,

tions is American Concrete Institute 318-71. These foundations are designed to 1
*

resist various combinations of dead loads; live loads; environmental loads including*

"

winds, tornadoes, the operating basis earthquake and the safe shutdown earthquakes,
.

. . . ' ' and loads generated by postulated ruptures of high energy pipes.
,

-4 &

The design and analysis procedures that were used for these seismic Category I
foundations are the same as those approved on previously licensed applications and,

'

in general, are in accordance with procedures delineated in the American Concrete
Institute Standard 318-71 Code. The various seismic Category I foundations are >

designed and proportioned to remain within limits established by us under the various ,

y load combinations. These limits are, in general, based on the American Concrete j
,

Institute 318-71 Code modified as appropriate for load combinations that are |

'* ' considered extreme. The materials of construction, their fabrication, construction !

|" and installation, are in accordance with the American Concrete Institute 318-71

Code. q
.

.

The criteria that were used in the analysis, design, and construction of all the

p plant seismic Category I foundations to account for anticipated loadings and postu-
lated conditions that may be imposed upon each foundation during its service lifetime -

,
,

are in conformance with established criteria, codes, standards, and specifications
' acceptable to the us.

1
-

The use of these criteria, applicable codes, standardi, and specifications as defined
in Standard Review Plan 3.8.5, " Foundations;" the loads and loading combinations;
the design and analysis procedures; the structural acceptance criteria; the materials,*

quality control, and special construction techniques; and the testing and in-service
suiveillance requirements provide rs w mable assurance that, in the event of winds,

,
tornadoes, earthquakes, and various postulated events, seismic Category I foundations

~

~ will withstand the specified design conditions without impairment of structural : '

integrity and stability or the performance of required safety functions. Conformance
"

'
' with these criteria, codes, specifications, and standards constitutes an acceptable .

basis for satisfying the applicable requirements of General Design Criteria 2 and 4.

m
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3.9 Mechanical Syst, ems _and Components

3.9.1 Dynamic Systu Analysis and Testing
Piping Vibration Operational Test Program

The applicant agreed to perform a piping preoperational vibration dynamic effects
test program to check the vibration performance of piping important to safety. The
preoperational vibration dynamic effects test program that will be conducted on
safety-related American Society of Mechanical Engineer Class 1, 2 and 3 piping
systems and their restraints, components, and supports during startup and the initial
operating conditions constitutes an acceptable program in accordance with guidance
described in the Standard Review Plan 3.9.2.

This program will provide adequate assurance that the piping and piping restraints
of the system have been designed to withstand vibrational dynamic effects due to
valve closures, pump trips, and operating modes associated with the design opera-
tional transients. The tests, as planned, will develop loads similar to those
experienced during reactor operation. A commitment tu proceed with such a program
constitutes an acceptable design basis for fulfillment of the applicable require-
ments of General Design Criterion 15. The applicant will be required to report the
results of the program.

Seismic Qualification of Mechanical Equipment

The applicant submitted procedures for dynamic testing and analysis techniques to
confirm the adequacy of seismic Category I mechanical equipment, including their
supports, to function during and af ter an earthquake of magnitude up to and includ-
ing the safe shutdown earthquake.

In instances where components have been qualified by testing to other than current
standards such as Institute of Electrical and Electronics Engineers Standard 344-75,
such comoonents, particularly those vital to the actuation and continued operation
during and after an earthquake of magnitude up to and including the safe shutdown
earthquake, may have to be retested. Our seismic qualification review team is review-
ing the nuclear steam supply system and balance-of plant equipment lists and has
inspected the Zimmer Station balance of plant equipment already installed at the
site. This review will evaluate the qualification testing to determine that the

effects of the combination of seismit and hydrodynamic loads have been properly
accounted for. On the basis of the review audit and site visit, the seismic
qualification review team will ascertain whether any nuclear steam supply system or
balance of plant equipment components have to be retested. We initiated discussions
with the applicant to develop a mutually acceptable resolution of any problems
arising in this area. We expect a timely resolution of this issue and will present
the results in a supplement to this report.
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Preoperational Vibration Assurance Program for Reactor Internals

With regard to flow-induced vibration testing of reactor internals the applicant
proposed the Fitzpatrick Nuclear Power Plant reactor internals test programs as the
established prototype for the Zimmer Station. The applicant further proposed to
conduct a vibration testing program on reactor internals as confirmatory tests to
full compliance with the guidelines established in Regulatory Guide 1.20,
" Comprehensive Vibration Assessment Program for Reactor Internals During Preopera-
tional and Initial Startup Testing," for other than prototype plants.

We reviewed the preoperational vibration test program proposed by the applicant for
verifying the design adequacy of the reactor internals under loading conditions that
will be comparable to those experienced during operation. The combination of tests,
predictive analysis and post test inspection will provide adequate assurance that
the reactor interna:s can be expected to withstand flow-icduced vibrations without
loss of structural integrity during their service lifetime. We conclude that the
proposed preoperational vibration test program, which meets Regulate y Guide 1.20,
constitutes an acceptable basis for demonstrating the design adequacy with respect
to General Design Criteria Nos. 2 and 14.

3.9.2 American Society of Mechanical Engineers Code Class 2 and 3 Components

Design, load Combinations and Stress Limits

All seismic Category I pressure retaining systems, components, equipment and their
supports outside of the reactor coolant pressure boundary, including active pumps
and valves, are designed to sustain normal loads, anticipated transients, operating
basis earthquake and the safe shutdown earthquake within stress limits which are
consistent with those outlined in Regulatory Guide 1.48, " Design Limits and Loading
Combinations." The specified design basis combinations of loading as applied to the
design of the safety-related American Society of Mechanical Engineers Code Class 2
and 3 pressure-retaining components in systems classified as seismic Category I
provide reasonable assurance that in the event (a) an earthquake should occur at the
site, or (b) an upset, emergency or faulted plant transient should occur during
normal plant operation, the resulting corbined stresses imposed on the system
cc=ponents may be expected not to exceed the allowable design stress and strain
limits for the materials of construction. Limiting the stresses under such loading
combinations provides a conservative basis for the design of the system components
tc withstand the most adverse combinations of loading events without gross loss of
structural integrity. The applicant has agreed to reassess the existing structural
margins of American Society of Mechanical Engineers Class 1, 2 and 3 components,
equipment, and supports which were designed by combining the dynamic response of
loads by the square root of the sum of the squares method. The reassessment will
use the absolute sum method of combining these responses. When this reassessment is
complete, we will evaluate the results on a component by component basis and will
present our findings in a supplement to this report.
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The applicant's operability assurance program for active American Society of Mecnan-
ical Engineers Class 2 and 3 seismic Category I pumps and valves includes component
testing, or a combination of tests and predictive analysis. In instances where
components were qualified by testing to standards other than our current standards,
such components, particularly those vital to the actuation and continued operation
of equipment, may have to be retested. Joint efforts by us and the applicant in
conjunction with this issue are discussed in detail in subsection 3.9.1 of this

report. The balance of the applicant's program provides assurance that such
components can withstand postulated seismic loads in combination with other signifi-
cant loads without loss of structural integrity, and can perform the " active"
function (i.e., valve closure or opening or pump operation) when a safe plant
shutdown is to be effected, or the consequences of an acciaent are to be mitigated.
Subject to satisfactory resolution of the testing procedure (see subsection 3.9.1 of
this report) the applicant's component operability assurance program constitutes an
acceptable basis for implementing the requirements of General Design Criterion No. I
as related to operability of American Society of Mechanical Engineers Code Class 2
and 3 active pumps and valves.

The criteria used in developing the design and mounting of the safety and relief
valves of American Society of Mechanical Engineers Code Class 2 system provide
adequate assurance that, under discharginq conditions, the resulting stresses are
expected not to exceed the allowable de-ign stress and strain limits for the
materials of construction. Limiting the .^resses under the loading combinations
associated with the actuation of these pressure relief devices provides a conserva-
tive basis for the design of the system components to withstand these loads without
loss of structural integrity and impairment of their function. The criteria used
for the design and installation of overpressure protection devices in American
Society of Mechanical Engineers Code Class 2 systems are consistent with the guide-
lines of Regulatory Guide 1.67, " Installation of Overpressure Protection Devices,"
and constitute an acceptable design basis in meeting the applicable requirements of
General Design Criteria Nos. 1, 2 and 4.

3.10 Seismic Qualification of Category I Instrumentation and Electrical Equipment

3.10.1 Discussion

The supporting information is contained or referenced in Section 3.10 of the Final
Safety Analysis Report. We review this information as detailed in the Standard
Review Plan 3.10. " Seismic Qualification of Category I Instrumentation and Electrical
Equipment," and also determine the adequacy of the information presented with
reference to the information requirements of the corresponding section of the
Standard Format for Safety Analysis Reports.
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3.10.2 Findings

Our review of the results of the se smic testing and analysis of Class IE sensors
and components, as listed in the Final Safety Analysis Report Tables 3.10-1 and

J 3.10-2, indicated that the seismic testing has not been completed.

The applicant agreed to complete the seismic qualification of the remaining instru-
ments and panels and to complete the tables of Final Safety Analysis Report,
Section 3.10, by early 1979. However, the applicant has not yet satisfied all of
this commitment and some equipment remains to be qualified.

We are pursuing the seismic qualification program of the applicant as discussed
below. An onsite seismic audit was conducted as described in subsection 3.9.1 of
this report.

3.10.3 Qualification Program

We informed the applicant of our position pertaining to seismic c,ualification of the
Zimmer Station seismic Category I electrical equipment and instrumentatiom In
instances where such equipment has been previously tested to standards not entirely
in accord with our current requirements, it is our position that certain critical
electrical components within both the nuclear steam supply system and the balance of
plant scope of supply may have to be retested. Our seismic qualification review
team will determine whether an original qualification finding based on single-
frequency single-axis methods is valid in light of the multi-frequency multi-axis
requirements of Standard Review Plans 3.9.2 and 3.10 and Regulatory Guide 1.100,
" Seismic Qualification of Electric Equipmenc for Nuclear Power Plants." A sub-
sidiary but equally important concern is whether hydrodynamic loads recently under-
stood in new light for pressure suppression containments were properly included in
the original component qualification findings. Identification and selection of such

.

components will be based upon (1) review of information contained in Tables 3.10-1
and 3.10-2 of the Final Safety Analysis Report and (2) review by us of installed
equipment at the Zimmer site.

Our seismic qualification review team is reviewing the nuclear steam supply system
and balance-of plant equipment lists and inspected the Zimmer Station balance of
plant equipment already installed at the site. This review will evaluate the
qualification testing to determine that the ef6 ct of the combination of seismic and
hydrodyanmic loads have been properly ar. counted for. On the basis of the review
audit, site visit the seismic qualification review team will ascertain whether any
equipment or components have to be retested. We initiated discussions with the
applicant to develop a mutually acceptable resolution of any problems arising in
this area. We expect a timely resolution of this issue and will present the results
in a supplement to this report.

.
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3.10.4 Evaluation

We conclude that the seismic qualification testing program which has been implemented
for seismic Category I instrumentation and electrical equipment as supplemented by
the program described in subsection 3.10.3 above will provide adequate assurance
that such equipment will function properly during the excitation from vibratory
forces imposed by the safe shutdown earthquake and under the conditons of post-
accident operation. We also conclude that this program constitutes an acceptable
basis for satisfying the applicable requirements of General Design Criterion 2, when
those items which remain to be qualified have been seismically qualified and the
onsite seismic audit has been completed.

3.11 Environmental Gesign of Mechanical and Flectrical Equipment
3.11.1 Discussion

We review this information as detailed in the Standard Review Plan, and also deter-
mine the adequacy of the information presented with reference to the informatien
requirements of the corresponding section of the Standard Format for Safety Analysis
Reports.

3.11.2 Findings

Section 3.11 of the Final Safety Analysis Report was reviewed to determine whether
the required environmental capability of all safety-related equipment, i.e., the

capability to perform design safety functions under normal and accident environ-
ments, and conformance with our criteria have been adequately demonstrated.

The Final Safety Analysis Report Tables 3.11-1, 3.11-2, 3.11-3 and 3.11-4 indicated
that there were omissions of systems required for safety and some unqualified safety
equipment in the Zimmer station design.

The applicant committed to complete the environmental qualification of the remaining
Class IE instrumentation and equipment and to provide complete and correct tables in
Final Safety Analysis Report Section 3.11.

The applicant satisfied this commitment in Final Safety Analysis Report Amendment 34.
In addition, we reviewed the applicant's responses to Inspection and Enforcement
Bulletins 77-05, 77.05A and 78-02 and find that our concerns which are expressed
therein are not applicable to the Zimmer Station.

3.11.3 Variations in Energy Supply

Institute of Electrical and Electronic Engineers Standard 279-1971 requires that
Class IE equipment be qualified for the range of transient and steady-state condi-
tions of both the energy supply and the environments. Institute of Electrical and

3-21



Llectronics Enginee.s Standard 323-1971 reflects this requirement in its definition
of service conditions. Our audit of the test procedures and results for the flamma-
bility control system revealed that the equipment was tested only at nominal condi-
tions of the energy supply. The procedures were changed and the equipment tested at
the extremes of the expected variations in supply which were reviewel and found to
satisfy our requirements. During the first site visit, we also reviewed and found
acceptable the qualification of tne 4.16 kilovolt switch groups and 480 volt
engineered safety system substations.

3.11.4 Evaluation

The applicant identified all the safety-related mechanical and electrical equipment,
defined the normal and postulated accident environments that this equipment may be
subjected to, and described the environmental qualification program that has been
performed to demonstrate its required environmental capability. We conclude from
our review that there is assurance that all items of safety-related equipment will
be capable of performing needed safety functions under normal and accident environ-
mental conditions.

3.11.5 Post-Accident Chemical and Radiation Environment

The applicant addressed the chemical and radiation environmentel conditions to be
used in design of the engineered safety features mechanical and electrical equipment
in the containment for the postulated design basis accidents. No chemical will be
added to the spray injection for post-design basis accident mitigation. Therefore,
the primary containment atmosphere is not expected to have a significant amount of
harmful chemicals, which could be released from the reactor during normal operation
or during and following a postulated accident.

The applicant stated that the engineered safety features equipment and components
inside the primary containment were designed to operate in a post-accident environ-

7ment of an integrated gamma dose of 2.6 x 10 rads. This design criterion was based
on a calculation of radiation exposures integrated over the 40 year life of the
plant plus a six-month design basis accident radiation exposure. This calculation

7is dependent on the size and type of containment. The value of 2.6 x10 rads for an
integrated gamma dose appears consistent with the sour:e terms of Regulatory
Guides 1.3, " Assumptions Used for Evaluating the Potential Radiological Consequencer
of a Loss of Coolant Accident for Boiling Water Reactors," and Regulatory Guide 1.7,
" Control of Combustible Gas Concentrations in Containment Following a Loss-of-Coolant
Accident," and is therefore acceptable. The applicant has indicated that the radia-

8tion tolerance of the engineered safety features equipment is 10 rads. We conclude
that the radiation envircoment of safety features equipment is adequately defined
and that the equipment has suitable tolerance to operate in the postulated design
basis accident environment.
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4.0 REACTOR

4.1 Summary Descri tigt

The Wm. H. Zimmer Nuclear Power Station nuclear steam supply system is the BWR/S

nuclear steam supply system which includes a General Electric Company boiling
water reactor to generate steam for direct use in the balance-of plant steam
oriven turbine generator. The design of the BWR/S reactor is in some raspects
different from other boiling water reactors wnich have been reviewed and approved
by us at the final design stage. Therefore, we consider Zimmer the lead review
for BWR/5 systems.

The fuel and heat source for the BWR/5 reactor consists of slightly enriched
uranium dioxide pellets contained in sealed zirconium alloy tubes about one-half
inch in diameter. These fuel rods, which are about 12 feet long, are assembled
into fuel assemblies each consisting of 63 fuel rods plus one spacer-capture water
rod in an 8 x 8 array within a square open-ended z' conium channel box. Five
hundred and sixty of these fuel assemblies form a roughly cylindrical core.

The core is supported in a cylinarical shroud inside the reactor vessel. Steam
separators and dryers are mounted on the shroud dome. Two external, motor driven,
constant speed recirculating pumps inject high velocity water into 20 jet pumps
which are located in the annulus between the core shroud and the reactor vessel.
The high velocity water from the jet pump nozzles entrains and imparts energy
to auditional water from the annular region. The combined flow enters the bottom
of the reactor core and boilt as it passes upward through the fuel assemblies.

The steam is separated from the steam-water mixture which emerges from the core
initially by the steam separators and then by steam dryers. The steam flows to
the turbine generator through four 24-inch dia n ter main steam lines. The heated

condensate returns to the reactor thr< T . two 18-inch feedwater lines and is
injected into the annulus between the core shroud and the vessel.

Control of the fission reaction within the core is achieved by the movement of
neutron absorbing cruciform shaped control rods, and by variation of the flow rate
through the core, thereby changing the steam fraction and moderator density.
Individual hydraulic drives are provided to insert the control rods axially within
the core to any degree desired or to insert the control rods fully and to operate
the flow control valves in the recirculation lines.
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4.2 Fu)1 System Desfon

The fuel desig.i for Zimmer Unit 1, is identical, except for the channel thickness,
to the Gene.al Electric Company 8 x 8 fuel assembly design currently in operation in
14 boiling water reactors. The Zimmer fuel design is identical to that given in the
General Electric Standard Safety Analysis Report (CESSAR), April 1973, and the
generic reload report, NEDC-20360, Revision 1, " General Electric BWR Generic Reload
Application for 8 x 8 Fuel," November 1974, except that the channel bcx is 0.020 inch
thicner.

Mechanical and operating parameters for the 8 x 8 fuel assemblies are compared with
the previously used 7 x 7 assemblies in T0ble 4-1. The smaller diameter rods, with

lower linear heat generation rate and increased cladding thickness / diameter ratio
for the 8 x 8 fuel design ccapared with the 7 x 7 fuel assemblies, result in increased
safety margins with respect to maximum design linear power and maximum fuel te'npera-
tures. In addition, the Zimmer 8 x 8 fuel assemblies have the following features:
(a) finger springs for controlling moderator / coolant bypass flow at the interface of
the channel and lower tie plate, and (b) bypass flow holes drilled in the lower tie
plate to provide an alternate flow path. These features are currently found in most
of the 8 x E fuel assemblies operating in boiling water reactors and have shown
satisfactory performance.

Fuel performance calculations that account for the effects of fuel densification
have been performed with a version of the General Electric Company analytical nodel
GEGAP III contained in General Electric Company Topical Report, NED0-20181, "GEGAD
III: A Model for the Prediction of Pellet-Cladding Thermal Conductance in BWR Fuel

Rods," November 1973, which has been approved by us in a letter from V. A. Moore
(USAEC) to I. S. Mitchell (GE), dated March 22, 1974. The effects of fuel densifi-
cation on the fuel rod will increase the stored energy, increase the linear thermal
output, and increase the probability of local power spikes from axial gaps. The
primary effects of densification on the fuel roc aechanical design are manifested in
calculations of fuel / cladding gap conductance and cladding collapse time. The
approved analytical model incorporates time-dependent fuel densification, time-
dependent gap closure and cladding creepdown for the calculation of gap conductance.
Cladding collapse has not been observed in boiling water teactoc fuel rods and is
calculated with a code, SAFE-COLAPS contained in General Electric Company Topical

Report, NEDO-20606A, " Creep Collapse Analysis of BWR Fuel Using SAFE-COLAPS Model,"

August 1976, approved by us in a letter from W. R. Butler (NRC) to I. Stuart (GE),
dated April 4, 1975, to occur at core residencc times in excess of five years, which
is greater than the lifetime of the fuel.

Recently we questioned the validity of fission gas release calculations in most fuel
performance codes including GEGAP-III for a burnup greater than 20,000 megawatt days
per ton of Uranium. The General Electric Company was informed of this concern on
November 23, 1976 and was provided with a method of correcting gas release
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TABLE 4-1

COMPARISON OF PARAMETERS FOR 8 X 8 AND 7 X 7 FUEL ASSEMBLY DESIGN

Zimmer

Parameter 7x7 8x8

Fuel Rods / Assembly 49 63

Channel Thickness (inches) 0.080 0.100
Active Fuel Length (inches) 144 146

Uranium Weight /Assy. (pounds) 412.8 409.3

Rod-to-Rod Pitch (inches) 0.738 0.640

Water / Fuel Ratio (cold) 2.53 2.60

Cladding 00 (inches) 0.563 0.493
Cladding Thickness (inches) 0.037 0.034

Thickness / Diameter Ratio 0.0657 0.0689

Fuel Pellet OD (inches) 0.477 0.416
Pellet / Clad Diametral Gap

(mils) 12 9

Maximum Linear Heat Generation

Rate (kilowatts per foot) 17.5 13.4

Maximum Fuel Temp. (degrees Fahrenheit) 4380 3325
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, ,

calculations for burnups greater than 20,000 megawatt days per ton of Uranium (see
NUREG-0418, " Fission Gas Release from Fuel at High Burnup," March 1978). Since there
was no question of the adequacy of GEGAP-III for burnups below 20,000 megawatt days
per ton of Uranium, the Zimmer Final Safety Analysis Report calculations are accept- .

able for operation early in life until the peak local burnup reaches 20,000 megawatt
_

days per ton of Uranium. For burnups in excess of that value, GEGAP-III calculations
(and other affected analyses) for Zimmer must be redone using the correction method
mentioned above or such modified methods that might be submitted by the General

Electric Company and approved ty us.
_

The General Electric Company has provided (G. G. Sherwood (GE) letter to D. F. Ross
(NRC). December 22, 1976) a generic reanalysis of fuel performance calculations
using GEGAP-III with our fission gas correcton factor for BWR 2/3/4 plants with
7 x 7 and 8 x 8 fuel assemblies. The only affected safety analysis was the loss- '

of-coolant analysis. Although the calculations were not specifically performed for
a BWA/S plant, we conclude from our review that the 8 x 8 analysis performed for
early reflooding plants will bound the BWR/5 case, fhe reanalysis results in less
than an 85 degrees Fahrenheit increase in calculated peak cladding temperature at a
target planar average exposure of 30,000 megawatt days per ton Uranium. For Zimmer,
calculated peak cladding temperatures for the loss-of-coolant accident, as given in
Table 6.3-1 of the Final Safety Analysis Report, are in the range of 1821 degrees
Fahrenheit at 15,000 megawatt days per ton of Uranium to 1632 degrees Fahrenheit at
30,000 megawatt days per ton Uranium. Thus, a maximum increase of 85 degrees ,

Fahrenheit in peak cladding temperature due to the fission gas effect will be
'

insufficient to drive the cladding temperatures to or above the 2200 degrees
Fahrenheit loss-of-coolant accident limit. On the basis that (a) only the ,

loss of-coolant accident is affected by the increased fission gas release above
20,000 megawatt days per ton Uranium, (b) loss-of-coolant accident limits appear not

__

to be exceeded by this effect, and (c) confirmatory calculations will be provided
prior to operation above 20,000 megawatt days per ton of Uranium, the operation of
Zimmer fuel in the burnup range above 20,000 megawatt days per ton Uranium requires

no licensing restrictions due to the revision in fission gas release. ;

_

Several uranium-235 enrichments are used within each fuel assembly to reduce the

local power peaking factor. Gadolinium, a burnable poison, is also used to supple- -

ment the enrichment pattern and control rods in flattening the power distribution of _

the core. Gadolinium, in the form of gadolinia urania pellets, is used in some of ;

the interior rods. Gadolinium-bearing fuel was first incorporated as a regular
component into the initial cores of Quad Cities, Units 1 and 2 with operation
starting in 1971 and 1972, respectively. Since 1965, a substantial number of test [
and regular gadolinia urania rods have been successfully irradiated to appreciable
exposures.

it

To eliminate significant vibration of instrumens tubes and source tubes and the
resultant wear on channel box corners, Zimmer, Unit 1 incorporates plant modifications q

h
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similar to those described in the General Electric Company report, NED0-21156,
" Supplemental Information for Plant Modification to Eliminate Significant In-Core
Vibration," January 1976. This modification eliminates the bypass flow holes in the
lower core support plate and adds two holes in the lower tie plate of each assembly
to provide an alternate flow path. Concomitant effects of this plant modification
on the mechanical design are negligible and our approval for generic application is
given in a letter from K. Goller (NRC) to G. G. Sherwood (GE), dated April 12, 1977.

A number of generic issues have been identified by us and considered in the Zimmer
review. These generic issues include the following: pellet / cladding interaction,
waterlogging failures, channel box deflection, flow blockage consequences ind seismic

and loss-of-coolant accident load effects. Each of these items will be treated in
detail in the following discussion.

Pellet / cladding interaction is addressed in the Zimmer Final Safety Analysis Report.
Since IS72, the General Electric Company has made changes in the fuel assembly
design and in the mode of reactor operation to reduce the incidence of pellet /
cladding interaction failures. To minimize the potential for pellet ridging, a
shorter, chamfered pellet with no dishing will be used. The 8 x 8 design also
includes a higher annealing temperature for the Zircaloy cladding to achieve better
uniformity of the mechanical properties. In addition to these design changes, the
General Electric Company recommended specific operating procedures identified as

Preconditioning Interim Operating Management Recommendations. Under these procedures,

the fuel is preconditioned for subsequent full power operation and power cycling by
being first taken to full power on a slow ramp.

We conclude on the basis of our generic review to date that the design changes and
operating restrictions have been effective in reducing the potential for pellet /
cladding interaction and reducing the incidence of related fuel failures during
normal operation. While pellet / cladding interaction is being sttdied generically to
determine if licensing criteria should be revised, current criteria are satified by
the Zimmer reactor fuel. Should licensing criteria related to pellet / cladding
interaction change in the future, the effects of such a change would be reviewed for
all plants including Zimmer.

The potential and consequences of operating with waterlogged fuel rods is addressed
adequately in the Zimmer Final Safety Analysis Report. We have independently
reviewed the safety aspects of waterlogged fuel behavior (NUREG-0303, March 1978,
" Evaluation of the Behavior of Water Lcgged Fuel Rod Failures in LWR's"). A survey
of the available information, which includes (1) test results from the SPERT
reactor, NSRR reactor in Japan and (2) observations of waterlogging failures in
commercial reactors, indicates that rupture of a waterlogged fuel rod should not
result in failure propagation or signifiant fuel assembly damage that would affect
coolability of the fuel rod assemoly. We thus agree that the evaluation of water-
logging failures as presented in the Zimmer Final Safety Analysis Report is correct.
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Fuel assembly response to seismic and loss-of-coolant accident loads has been con-
sidered generically by the General Electric Company in a report NEDE-21175, "BWR 6
Fuel Assembly - Evaluation of Combined Safe Shutdown Earthquake (SSE) and Loss-of-
Coolant Accident (LOCA) Loadings," July 1977. We have reviewed that report and,
based on our review to date, we find that the analytical methods ar6 acceptable and
that in general the resultant loads are small compared with the fuel assembly com-
ponent strengths. In our general review to date, we have not evaluated the asym-
metric blowdown loads on the reactor fuel.

In accordance with our related Task Action Plan A-2 (see NUREG-0371, November 1978),

General Electric Company has performed an analysis using the best available method-

ology and criteria and found the 8 x 8 fuel acceptable. Although we have not
completed our review of this analysis, Task Action Plan A ' stated the bases for
determining that there is reasonable assurance that operation of boiling water
ceactor plants will not present an undue risk to the health and safety of the
public pending the completion of the generic task related to this matter.

Boiling water reector channel box deflection or distortion from irradiation growth
during normal plant operation is treated generically in the General Electric Company
report NEDE-21354-P, "BWR Fuel Channel Mechanical Design and Deflection," September
1976. This deflection is used as input to predict coolant byps s flow and to eval-
uate the possibility of control rod interference. Based on our icview of the data
presented in the report, we conclude that boiling water reactor channel deflections
are applied in a conservative manner for bypass calculations. Further, based on the
slow process of channel creep and growth and the test procedures applied to deter-
mine control rod interference, we conclude that the channel deflections raise no
major safety concerns about the availability of control rods for maneuvering or
scram.

The 8 x 8 fuel design is currently in operation in 14 boiling water reactors and a
significant number of fuel bundles (250) are in their third irradiation cycle. A
detailed post-irradiation examination has been performed at Quad Cities and
Monticello on the lead test assemblies at the end of two cycles and the results
indicate satisfactory performance (NEDM-23669, August 1977 and NEDM-21080,

October 1975, respectively).

On the basis of our review of the Zimmer 8 x 8 fuel design analysis, technical
specifications that will limit off gas and effluent activity, and the confirmatory
results from irradiated assemblies, we conclude that there is reasonable assurance
that the cladding integrity of Zimmer, Unit i fuel will be maintained, that signif-
icant amounts of radioactivity will not be released, and that neither accidents nor
earthquake-induced loads will result in either an inability to cool the fuel or
interference with control rod insertion.
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4.3 Nuclear Design

Our review of the nuclear design of the Wm. H. Zimmer Nuclear Power Station, Unit I
was based on information supplied by the applicant in the Final Safety Analysis
Report and amendments thereto. Our review was conducted in accordance with

Section 4.3 of the Standard Review Plan.

4.3.1 Design Bases

Design bases are presented which comply with the app?icable Gene *al Design Criteria
(GDC). Acceptable fuel design limits are specified (GDC 10), a pagative prompt
feedback coefficient is specified (GDC 11) and power oscillations are re;ut d
either to be not possible or to be detected and suppressed by the centrol system
(GDC 12). Design bases are presented which require a control and monitoring system
(GDC 13) which automatically initiates a rapid reactivity insertion to prevent
exceeding fuel design limits in normal .,,eration or anticipated transients (GDC 20).
The control system is required to be designrd so that a single malfunction or single
operator error will cause no violation of fuel design limits (GDC 25). A standby
liquid control system is provided which is capable of bringing the reactor to cold
shutdown conditions (GDC 26) and the control system is required to control reactivity
changes during accident conditions then combined with the engineered safety features
(GDC 27). Reactivity accident conditions are required to be limited so that no
damage to the reactor coolant system boundary occurs (GDC 28).

We find the design bases presented in the Final Safety Analysis Report to be
acceptable.

4.3.2 Design Description

Descriptions of the first cycle enrichment distribution, burnable poison loading,
plutonium buildup, delayed neutron fraction, neutron lifetime, and core burnup have
been pruvided. The values presented for these parameters are consistent with those
reviewed and approved on previously approved boiling water reactor plants, now in
operation, such as Hatch 2.

Power Distribution

We reviewed the methods used by the General Electric Company to predict power distri-
butions during core lifetime (see subsection 4.3.3 of this report). These methnds
have been compared to measured power distribution in operating boiling water reactors
in order to demonstrate their acceptability. Power distributions are controlled
during reactor operation by adherence to predetermined control rod sequences so as
to limit the maximum heat generation rate and minimum critical power ratio to values
specified in the tet inical specifications. Power distributions will be monitored
during reactor operation by the incore detector system. This system, described in
the General Electric Company lopical Report APED 5706, "Incore Neutron Monitor hg
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System for Ceneral Electric Water Reactors," approved by us in a letter to General
Electric Company, dated September 1, 1971, consists of a source range monitoring

-5 -6
subsystem (up to 10 full power), an intermediate range monitoring subsystem (10
to 0.2 full power), and a local and average power range monitoring subsystem
(N0.05 - 1.5 full power). In addition a traversing incore probe subsystem is used
to calibrate the local power range monitors and to obtain detailed axial flux
distributions.

A study of power distributions in boiling water reactors (BWR/4 and BWR/5) is given
in NEDE-20944-P, "BWR/4 and BWR/5 Fuel Design." A comparisen of calculated and
measured power distributions is given in NED0-20946, "BWR Simulator Verification
Methods," approved by us in a letter to General Electric Company, dated September
22, 1976 (see subsection 4.3.3 of this report). This comparison demonstrates that
the General Electric Company design methods are capable of adequately representing

reactor operating states.

We conclude that discussions of power distributions in Section 4.3 of the Final
Safety Analysis Repnrt and in the other documents referenced above are acceptable.
We further conclude that the information presented concerning monitoring of power
distributions presented in tb- Final Safety Analysis Report and in Topical Report
NED0-20340, " Process Computer 'erformance Evaluation Accuracy,' is acceptable.

Reactivity Coefficients

The most significant reactivity coefficients with respect to the stability and
dynamic behavior of the reactor are the void coefficient and the Doppler coefficient.
Of lesser significance is the moderator temperature coefficient. The fuel tempera-
ture, or Doppler, coefficient of reactivity will be negative at all operating
conditions and times in life. The moderator void coefficient also will be always
negative. The moderator temperature coefficient may become slightly positive for
certain operating conditions but its effect is overshadowed by that of the other
coefficients. The General Electric Company submitted a Topical Report, NEDO-20964,
" Generation of Void and Doppler Reactivity Feedback for Appli:ation to BWR Design"
which describes the methods used to obtain void and Doppler Reactivity coefficients.
This report is currently under review (see subsection 4.3.3 of this report) and we
conclude, based on the review to date, that predictions of the various reactivity
coefficients are suitably performed (see Note 1 at end of subsection 4.3 of this
report). We conclude that the multiplication oy design conservatism factors (given
in the Final Safety Analysis Report) ensures that the predicted values are suitably
conservative for use in the point kibetics plant transient model.

Control Requirements

To allow for changes in reactivity due to reactor heatup (fuel and moderator temper-
ature rise and void formation), load following (transient xenon), equilibrium xenon
and samarium, and fuel burnup with consequent fission product buildup, a significant
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amount of excess reactivity is built into the core at beginning nf life. In boiling
water reactors this excess reactivity is accounted for by the control rods except
for a portion of that needed to account for fuel burnup. That portion is accounted
for by burnable poison located in the fuel assemblies. The burnable poison also
functions to shape the radial and axial flux.

The applicant presented data to show that sufficent. contrcl exists to satisfy the
above requirements with enough additional control to provide a cold xenon-free
ef fective multiplication factor <0.99 at the most reactive point in the core lifetime
with the most reactive rod stuck out of the core. NED0-20946 (see subsection 4.3.2)
provides comparison of calculated and measured cold critical states and provides a
demonstration that calculation of shutdown margins is adequate. We conclude that
suitably conservative assessments of reactivity control requirements have been made
and that adequate reactivity control has been provided to assure shutdown capability,
even with one rod stuck out of the core.

A standby liquid control system is provided which is completely independent of the
control rod system and is capable of shutting down the reactar and maintaining it in
the cold shutdown state at any time in core life (see subsection 4.6.3 of this
report). This satisfies the requirement of General Design Criterion 26.

Control Rod Patterns and Reactivity Worth

Startup and operation of the reactor will be performed by manipulation of control
rods and control of recirculation flow. The control rods will be withdrawn in
sequence according to predetermined patterns. These patterns are established in
such a way that the followitg design criteria are met:

(1) Control rod worths shall be limited so as to have acceptable consequences, as
noted below, if a rod is dropped from the fully inserted to the fully withdrawn
position (Rod Drop Accident).

(2) Control rod withdrawal increments and rod worths shall be limited so that
withdrawal of a control rod by one notch does not produce a period that cannot
be handled by the operator.

During operation the rod patterns are monitored by the rod worth minimizer and the
rod sequence control system up to the preset power level (25 percent power). Above
this power level, rod worths are not sufficient to violate the above criteria. The
rods are withdrawn in the banked position withdrawal sequence which is described in
the the General Electric Company Topical Report NEDO-21231, " Banked Position With-

drawal Sequence." This report was reviewed and approved by us in a letter to General
Electric Company, dated Jannicy 17, 1978. Based on our review, we find use of the
banked withdrawal seque.ce acceptable for Zimmer, Unit 1.
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Above the preset power level the limits on heat generation rate and minimum critical
power ratio are monitored by the process computer and by the rod block monitor, but
no restrictions are placed on control rod sequence.

We conclude, based on our review, that the rod worth will be limited in the startup
and low power range so that a dropped rod will not result in greater than 170 calories
per gram enthalpy rise in the fuel (see introduction to section 15.0 of this report)
and that reactivity inserticn rates will be limited to those that may be controlled
by tr.e operator.

Stability

The stability of large boiling water reactorc ' xenon oscillations has been discussed
in the the General Electric Company Topical .i port APED-5640, " Xenon Considerations
in Design of Large Boiling Water Reactors." These studies show that a boiling water
reactor will be stable to any xenon-ind ced power oscillation because of the damping
effect of the large, negative, spatially varying void coefficient. In addition
attempts to induce undamped xenon oscillations in operating boiling water reactors
confirm the presence of a large damping effect.

We reviewed the information provided by the applicant and conclude that large boiling
water reactors such as Zimmer will t,e stable to xenon induced power oscillations.

Criticality of F el Assemblies

Our evaluation of this matter is discussed in subsections 9.1.1 and 9.1.2 of this
report.

Vessel Irradiation

Neutron fluences at the reactor vessel were calculated for the Zimmer size plant
using a one-dimensional discrete ordinates code. Continuous reactor operation at
full power for 40 years was assumed and the reactor mid plane flux was calculated.
The calculations incorporated fission distributions prepared from core physics data
as an initial fixed source distribution. Anisotropic scattering effects were

18
included outside the core and the resultant vessel fluence was 1.5x10 neutrons per

square centimeter for neutrons having energies greater than one million electron
volts.

We conclude from our review that the calculated value of vessel fluence noted above
is acceptable.

4.3.3 Analytical Methods

We reviewed and evaluated the information presented on the analytical methods. The
basic calculational procedures which are used by the General Electric Company for
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generating neutron cross sections are part of its so-called Lattice Physics Model.
In this model, the many group fast and resonance energy cross sections are computed
by a GAM-type of program. The fast groups are treated by multigroup integral
collision probabilities to account for geometrical effects in fast fission. Resonanc e
energy cross sections are calculated by using the intermediate resonance approximation
with energy- and position-dependent Dancoff factors included. The thermal cross
sections are computed by a THERMOS-type of program. This program accounts for the
spatially varying thermal spectrum through-out a fuel bundle. These calculations
are performed for an extensive combination of parameters including fuel enrichment
and distribution, fuel and moderator temperatures, burriup, voids, void history, the
presence or absence of adjacent control rods, and gadolinia oncentration and distri-
bution in the fuel rods. As part of the Lattice Physics Model, three group two-
dimensional XY dif fusion calculations for one or four fuel bundles are performed.
In this way, local fuel rod powers can be calculated as well as single bundle or
four bundle (with or without a control rod present) average cross sections.

The General Electric Company submitted a licensing topical report NEDE-20913-P,
" Lattice Physict, Methods," approved by us in a letter to the General Electric Company,
dated September 22, 1976, which describes in detail the procedures ottiined above.
We reviewed this report and conclude that the methcds employed are state-of-the-art.
We furthtr cenclude that the methods satisfy the provisions of the Standard Review
Plan for core physics methods.

The single or four bundle averaged neutron crcss sections which are obtained from
the Lattice Physics Model are used in either two- or three-dimensional diffusion
calculations. Two-dimensional XY calculations are usually performed in three groups
at a given axial location to obtain gross power distributions, reactivities and
average three group neutron cross sections for use in one-dimensional axial calcula-

tions. The three-dimensional diffusion calculations use one energy group and can
couple neutron and thermal hydraulic phenomena. These three-dimensional calculations

are performed using 24 axial nodes and one radial node per fuel bundle resulting in
about 14,000 to 20,000 spatial nodes. This three-dimensional calculation provides
power distributions, void distributions, control rod positions, reactivities, eigen-
values, and average cross sections for use in the one-dimensional axial calculations.
The three-dimensional calculations have been described in a licensing topical
report - NED0-20953, "Three-Dimensional BWR Core Simulator," approved by us in a
letter to General Electric Company, dated January 17, 1978, which was submitted by
the General Electric Company. We reviewed this report and reached similar conclu-
sions to those reached for the Lattice Physics Methods report.

The one-dimensional calculation referred to above is a space-time diffusion calc;.;-
lation which is coupled to a single channel thermal-hydraulic model. This axial
calculation is used to generate the scram reactivity function for various core
operating states. This one-dimensional space-time code has been compared by the
General Electric Company with results obtained using the industry standard code,
WIGLE, and shown to be conservative. Our consultant, Brookhaven National
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Laboratories, performed an extensive study of boiling water reactor scram reactivity
behavior (BNL-NUREG-50584, "A Dynamic Analysis of BWR Scram Reactivity Character-

istics") and concludes that the end of cycle all rods out configuration represents
the limiting condition for boiling water reactor scram system effectiveness. Thus,
we conclude that the method and assumptions used by the General Electric Company to

obtain the scram reactivity curve are acceptable.

The Doppler, moderator void, and moderator temperature reactivity coef ficients are
generated in a rudimentary manner from data obtained from the Lattice Physics Model.
The effective delayed neutron fraction and the prompt mode neutron lifetime are
computed using the one-dimensional space-time code. The power coef ficient is
obtained by appropriately combining the moderator void, Doppler, and moderator
temperature reactivity coefficients.

The Generel Electric Company submitted a topical report - NEDO-20964, " Generation of
Void and Doppler Reactivity Feedback for Application to BWR Design." We are currently
reviewing this report. Based on the review tu date, we conclude that the Doppler
coeffielent is suitably calculated. The void coefficient may n~ ne conservative.

However, any nonce w rwatism in the void coefficieat may be 4ccommodated by conserva-
tisms in other portions of the transient calculations or by restrictions on the
operating limits for Zimmer (see note at the end of subsection 4.3.4 of this report).

The effect of spatially varying xenon concentrations on the stability of a boiling
water reactor is specifically discussed in the the General Electric Company Topical
Report APED-5640, " Xenon Considerations in Design of Large Boiling Water Reactors
(June 1968)." These studies show that a boiling water reactor will be stable to any
xenon-induced power oscillations because of the damping effect of the large, negative,
spatially varying void coefficient.

Comparisons between calculated and measured local and gross power distributions have
been presented by the General Electrical Company in two topical reports - NED0-20939,
" Lattice Physics Methods Verification" and NED0-20946, "BWR Simulator Methods Verifi-
cation." Local (intrabundle) power distribution comparisons were made to data
obtained from critical experiments and from gamma scans performed on operating

plants. Gross radial and axial power distributions obtained from operating plants
have been compared with values predicted by the boiling water reactor simulator
code. These comparisens have yielded values for calculational uncertainties to be
applied to power distributions. Coriparisons have also been made of calculated
values of cold, xenon-free reactivity and hot operating reactivity of a number of
operating reactors as a function of cycle exposure. These comparisons have been
used to establish shutdown reactivity requirements.

We reviewed the two topical reports, NEDO-20939 and NEDO-20946, and found them
acceptable for reference in licensing actions. They were approved by us in letters
to General Electric Company, both dated September 22, 1976.
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4.3.4 Summary of Evaluation

The applicant described the computer programs and calculational techniques used to
predict the nuclear characteristics of the reactor design and provided examples to
demonstrate the ability of these methods to predict experimental results. We conclude
that the information presented adequately demonstrates the ability of these analyses
to predict reactivity and physics characteristics of the Zimmer, Unit 1 plant.

To allow for changes of reactivity due to reactor heaty , changes in operating
conditions, fuel burnup, and fission product buildup, a significant amount of excess
reactivity is designed into the core. The applicant provided substantial information
relating to core reactivity balances for the first cycle and has shown that means
have been incorporated into the design to control excess reactivity at all times.
The applicant has shown that sufficient control rod worth is Jvailable to shut down
the reactor with at least a one percent fraction of reactivity subcritical margin in
the cold xenon free condition at any time during the cycle with the most reactive
control rod stuck in the fully withdrawn position.

On the basis of our review, we conclude that the applicant's assessment of reactivity
control requirements over the first core cycle is suitably conservative, and that
sdequate negative worth has been provided by the control system to assure shutdown
capablitty. Reactivity control requirements will be reviewed for additional cycles
as this information becomes available. We also conclude that nuclear design bases,
features, and limits have been established in conformance with the requirements of
General Design Criteria 10, ll, 12, 13, 20, 25, 76, 27, and 28.

Note - Recent calculations by our consultant, Brookhaven National Laboratories, have
indicated that the void coefficient value used in the point kinetics model may not
be conservative since spatial weighting has not been properly accounted for. In
particular, the amount of reactivity inserted by the collapse of voids during over-
pressure transients at end-of-life may be underpredicted by the point kinetics
model. We are pursuing this issue with the Ger.eral Electric Company on a generic
basis and will impose appropriate operating restrictions to account for lack of
conservatism if necessary in the technical specifications (see subsection 4.4.1 of
this report).

4.4 Thermal and Hydraulic Design

4.4.1 Evaluation

The thermal-hydraulic safety design bases for Zimmer follow:

(1) No fuel damage should occur as a result of abnormal operational occurrences.
Specifically, the minimum critical power ratio operating limit is specified so
that at least 99.9 percent of the fuel rods in the core are not expected to
experience boiling transition during the most severe abnormal operational
transient event.
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(2) The maximum linear heat generation rate should not permit fuel centerline
melting for abnormal operational occurrences.

(3) There should be no undamped oscillations or other hydraulic instabilities.

A summary of the thermal-hydraulic parameters for Zimmer-1 is given in Table 4-2. A

comparison with the parameters for Hatch-2 is given for reference. The Hatch-2 core
design has been reviously approved by us in the Safety Evaluation Report issued in
June 1978.

The thermal-hydraulic parameters for Zimmer-1 and Hatch-2 are quite similar; both
reactors have 2436 megawatt thermal, 560 bundle cores. The total core flow for
Zimmer-1 is slightly higher than for Hatch-2, as is the inlet enthalpy. The primary
difference between the two cores is that Hatch-2 has the new 8 x 8, two water rod
fuel (150-foch heated length) whereas Zimmer has the 8 x 8, one water rod fuel
(146-inch heated length). The bundle radial peaking pattern for the one water rod
bundle is not as flat as for the two water rod bundle, but a more extensive critical
power data base exists fnr the one water rod bur.dle than for the two water rod
bundle.

The core and fuel design bases for steady-state operation, i.e. , the niinimum critical
power ratio and maximum linear heat generation rate limits, have been defined to
provide margin between the steady-state operating condition and any fuel damage to
accommodate uncertainties and to assure that no fuel damage results even during the
worst anticipated transient condition any time in life. GETAB, General Electric
Thermal Analysis Basis, is used for Zimmer-1. The figure of merit chosen for reactor
design and operation is the critical power ratio, defined as the ratio of the critical
Lundle power to the operating bundle power. In GETAB, the uncertainties associated
with the parameters affecting steady-state bundle power are treated statistically in
order to satisfy the criterion that, during a transient, 99.9 percent of the rods in
the core will not experience boiling transition. This method is acceptable to us
based on our review of NED0-10958A, " General Electric BWR Thermal Analysis Basis

(GETAB) Data Correlation and Design Application," which we approved in our letter to
the General Electric Company, dated October 24, 1974. For Zimmer 1, the minimum
critical power ratio J 1.07 during normal operation and anticipated operational
occurrences will meet this criterion.

During a reactor transient, fuel damage could occur if cooling were inadequate or if
cladding fractured due to relative expansion of the pellet inside the cladding. The
boiling transition limit assures adequate heat transfer and a one percent plastic
strain limit for the zircaloy cladding assures no fuel damage due to overstraining.
The linear heat generation rate required to cause one percent strain is approximately
25 kilowatts per foot in unirradiated fuel decreasing to approximately 20.5 kilowatts
per foot at an exposure of 40,000 megawatt days per ton of Uranium.
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TABLE 4-2

THERMAL-HYDRAULIC CHARACTERISTICS OF ZIMMER-1

Z hee r_- 1 Hatch-2

(218-560) (218-560)

Design thermal output, megawatts thermal 2436 2436
Steam flow rate at 420 degrees Fahrenheit

6Final feedwater temperature, 10 pounds per hour 10.477 10.47
6Core coolant flow rate, 10 pounds per hour '8. 5 77.0

0Feedwater flow rate,10 pounds per hour 10.477 10.44
System pressure, nominal in steam dome,

pounds per square inch absolute 1020 1020

System pressure, raminal core design,
pouM, per square inch absolute 1035 1035

Average power density, kilowatts per liter 50.5 49.15
Maximum thermal output, kilowatts per foot 13.4 11.4
Average thermal output, kilowatts per foot 5.59 5.38
Core total heat transfer area, square feet 55,401 54,879
Fuel type 8x8 8x8
Number of water rods / bundle 1 2

Core inlet enthalpy at 420 degrees Fahrenheit,
British thermal units per pounds 527.4 520.9

Core maximum exit void within assemblies, percent 76 76.3
Core average void fraction, active coolant, percent 41.9 42.2
Active coolant flow trea/ ass'y, square inches 15.50 15.82
Core average inlet velocity, feet per second 7. 0 6.6
Total core pressure drop, pounds per cyuare inch 24.8 23.9
Core suppcrt plate pressure drop, pounds per square inch 20.9 19.46
Average orifice pressure drop, pounds per square inch
Central Region 8.32 8.0
Peripheral Region 17.23 16.52

Minimum critical power ration safety limit 1.07 1.06
Number of bundles 560 560

Number of fuel rods / bundle 63 62

Rod outside diameter, inches
Fuel Rod .493 483

Water Rod .493 .591
Active fuel length, inches 146 150

Rod pitch, inches .640 .640
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The applicant indicated that incipient center melting of the uranium dioxide pellet
occurs in the range of 19 to 21 kilowatts per foot; this is higher than the peak
linear heat generation rate of 17 kilowatts per foot during any abnormal operating
transient. The operating limit for peak linear heat generation rate, 13.4 kilowatts
per foot, is acceptable since it results in a sustained maximum linear heat genera-
tion rate less than 17 kilowatts per foot during transients. We conclude that the
fuel limits stated by the applicant are acceptable and that the Zimmer plant has
acceptable operating margins with these limits.

The steady-state operating limit for minimum critical power ratio is 1.24. This

value is based on the assumption that the turbine trip without bypass event does not
allow more than 0.1 percent of the fuel rods to experience boiling transition. The
value is also based upon transient calculations u=ing the REDY computer code described
in NED0-10802, " Analytical Methods of Plant Transient Evaluations for General Electric
Boiling Water Reactors." The review of the General Electric Company analytical
methods described in NE00-10802 is still under consideration by us. In this regard,

three turbine trip tests were performed at the Peach Bottom Unit 2 boiling water
reactor. The purpose of the tests was to provide experimental data for code verifi-
cation and to improve the understanding of integral plant behavior under transient
conditions. These tests were jointly sponsored by the Philadelphia Electric Company,
General Electric Company and the Electric Power Research Institute who planned and
performed the test program on their own initiative. The results from the program
have revealed that in certain cases the results predicted by REDY are nonconserva-
tive. We are reviewing this matter on a generic basis with the General Electric
Company and evaluating a new calculation basis using the General Electric Compaay's
new computer code ODYN for the load rejection without turbine bypass transient. We
expect to complete our evaluation prior to licensing of the Zimmer plant and arrive
at an acceptable operating minimum critical power ratio limit. The resolution of
this matter must be resolved prior to power operation and will be reported in a
supplement to this report.

We are performing a generic study of the hydrodynamic stability characteristics of
light water reactors under normal operation, anticipated transients, and accident
conditions under Task Action Plan B-19. " Thermal-Hydraulic Stability." The results
of this study will be applied to our review and acceptance of stability analyses and
analytical methods now in use by the reactor vendors, in the interim, we conclude
that past operating experience, stability tests, and the inherent thermal-hydraulic
characteristics of light water reactors provide a basis for accepting the Zimmer
stability evaluation for normal operation and anticipated translant events. However,
in order to provide additional margin to stability limits, natural circulation
operation of Zimmer will be prohibited until our review of these conditions is
complete. Any action resulting from our study will be applied to Zimmer.

Zimmer-1 uses valve flow control rather than pump speed flow control as has been
used on boiling water plants using the BWR/4 design. The principal modes of normal
operation with velve flow control low frequency motor generator sets are summarized
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in the following. The recirculation pumps are started on the 100 percent speed
power source in order to unseat the pump bearings. Suction and block valves are
fully open and the flow control valves are in the minimum position. When the purnps
are near full speed, the main power source is tripped and the pumps allowed to coast
down to near 25 percent speed, where the low frequency motor generator set will
pcwer the pumps and motors. The flow control valves are then opened to the maximum
position, at which point the reactor heatup and pressurization can commence. When
operating pressure has been established, reactor power can be increased. This power
increase will fcilow a line within Region I of the power-flow map in Figure 4-1 of
this report.

When reactor power is greater than approximately 30 percent of rated, the low feed-
water flow interlock is cleared and the recirculation pumps can be switched to the
100 percent speed power source. The flow control valves are closed to the minimum
position before the speed change to preveat large increases in core power and a
potential flux scram. This operation occurs within Region II of the operating map.
The system is then brought to the desired power-flow level within the normal operating
area of the map (Region IV) by oponing the flow control valves and withdrawing
control rods.

An interlod has been 'r. stalled for each pump to prevent system startup or transfer
from 25 percent to 100 percent pump speed unless the flow control valve is in the
minimum position. The primary safety concern which requires this interlock is a
sudden reactivity insertion due to sweeping the voids from the core should the
transfer to 100 percent speed occur with the flow control valve in the maximum
position. Thaiconcern will be resolved in the safety evaluation of Appendix H of
the Final Safety Analysis Report and will be reported in a supplement to this
report.

In Amendment 76 to the Final Safety Analysis Report, the applicant committed to
install a loose parts monitoring system, acceptable to us, which will be operational
prior to startup. The system will employ a minimum of two sensors at each natural
loose parts collection region in the primary system. These sensors will be capable
of detecting acoustic disturbances equal to or greater than 0.5 foot pounds within
three feet of the sensor.

Crud deposition causes gradual flow reduction in some light water reactor cores.
However, measurement of core flow by jet pump pressure drop and core plate pressure
drop would provide adequate indication of such flow reduction, if such should occur.
Technical specifications will require that the core flow be checked every 24 hours
and the average power range monitor flow biased scram be recalibrated every month.
This frequency is sufficient to detect crud deposition effects. The effects of crud
buildup have been considered in design calculations and are not considered to cause
significant problems (3.5 mils additional crud on fuel rods reduces the minimum
critical power ratio by 0.009).

4-17



~[I I I ' I I I

E

U

$~

'.

- < .. ' t

g =
~

8 8.
,

. G ~ #

u k. , .-
*

-

- / ' R
8.

./
/

- 2A

g|/ a~

,I ,e

3' asm . / r

\,5\ \ \, ,|
1 ,

e
*

s
- e- ..ec n s'||: 3 '

Nw fy y =f ;u - -

[!"gs s ~

i 5~

-iti
;!! ! e ag ~

- es R-

s s is
m! 8$er~

E : S-,~:t:$ 3utt INr.,,E$ *?*ueg#4sagg'''=-~.,,,***ms * |
, ' r I I i p

,og 8 % a 2o o,
# ~: *

AN33 y

flGURS 4_, ' REACTog R Floy opy

4-18



4.4.2 Summary

The thermal-hydraulic design of the core for Zimmer Unit I was reviewed. The scope
of the review included the design criteria, implementation of the design criteria as
represented by the final core design, and the steady-state analysis of the core
thermal-iydraulic performance.

The applicant's thermal-hydraulic analyses were performed using analytical methods
and correlations that had been previously reviewed by us and found acceptable.
However, in some cases these methods may not be conservative. Our generic review
and evaluation of the new ODYN code is expected to be completed prior to licensing
of the Zimmer station. at that time we will determine an acceptable minimum
critical power ratio limit.

We conclude that, with the exception noted above, the thermal-hydraulic design of
the core conforms to the Commission's regulations and to applicable regulatory
guides and our technical positions and is acceptable.

4.5 Reactor Materials
4.5.1 Control Rod System Structural Materials

The mechanical properties of structural materials selected for the control rod

system components exposed to the reactor coola.it satisfy Appendix I of Section III
of the American Society of Mechanical Engineers Code, or Part A of Section 11 of the
Code.

The controls imposed upon the austenitic stainless steel of the system satisfy the
intent of the recommendations of our position on Regulatory Guide 1.31, " Control of
Stainless Steel Welding" and Regulatory Guide 1.44, " Control of the Use of Sensitized
Stainless Steel." Fabrication and heat treatment practices performed in accordance
with these recommendations provide added assurar.ce that stress corrosion cracking
will not occur during the design life of the components.

The compatibility of all materials used in the control rod system in contact with
the reactor coolant satisfies the criteria for Articles NB-2160 and N8-3120 of
Section II of the Code. Both martensitic and precipitation-hardening stainless
steels have been given tempering or aging treatments in accordance with our
positions. Cleaning and cleanliness control are in accordance with Regulatory Guide
1.37, " Quality Assurance Requirements for Cleaning of Fluid Systems and Associated
Components of Water-Cooled Nuclear Power Plants."

During routine maintenance inspections of a General Electric Company designed boiling
water reactor in June 1975, dye penetrant inspections of control rod drive components
revealed fine cracks in some of the control rod tubes. Subsequent inspections of
other drives that had been in operation disclosed similar cracks. Conventional
metallography and scanning electron microscopy identified the cracking as
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inter granular in nature. The cracks were generally circumferential and appeared
mainly where the wall thickness changes in the area between the ports. The cracks
had developed fron- tne outside of the tube, but none of the cracks were through the

wall. They were generally shallow, less than half the wall thickness. Many of the
cracks were " tight" and filled with oxide.

Operating experience obtained from 270 boiling water reactor years and results of
ti.e 779 control rod tubes (out of about 4000 drives in service) inspected by the dye
penetrant technique at 22 sites disclosed that partial cracking had occurred in 78
tubes at 11 of the sites.

We have established a Category B Technical Activity (No. B-48) to address and resolve
the issue of boiling water reactor control rod drive mechanical failures.

The control rod tur;e cracking that has occurred to date is generally shallcw, inter-
mittent, and very " tight", and has not impaired the control rod drive's ability to
meet its functional requirements. We have requested information from the applicant
as to the detailed resolution of this problem for the Zimmer plant. The subject
will be reported in a supplement to this report.

Subject to resolution of tne above generic concern, we conclude that conformance
with the codes, standards and regulatory guides indicated above and the use of
acceptable minimum tempering or agirg temperatures for martensitic and precipitation-
hardened stainless steels, constitutes an acceptable basis for meeting the require-
ments of General Design Criterion 26.

4.5.2 Reactor Internals Materials

The materials for construction of compoaents of the reactor internals have been
identified by specification and found to be in conformance with the requirements of
Section III of the American Society of Mechnical Engineers Code.

The materials for reactor internals exposed to the reactor coolant have been
identified and all of the materials are compatible with the expected environment, as
proven by extensive testing and satisfactury performance. General corrosion on all
materials is expected to be negligible based on guidance and criteria described in
Standard Review Plan 4.5.2, Revision 0, " Reactor Internals Materials."

The controls imposed on reactor coolant chemistry provide reasonable assurance that
the reactor internals will be adequately protected during operation from conditions
which could lead to stress corrosion of the materials and loss of component struc-
tural integrity based on guidance and criteria described in standard Review Plan 5.2.3,
Revision 0, " Reactor Coolant Pressure Boundary Materials."

The controls imposed upon components constructed of austenitic stainless steel, as
used in the reactor internals, satisfy the recommendations of our position on
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Regulatory Guide 1.31, " Control of Stainless Steel Welding," Regulatory Guide 1.44,
" Control of the Use of Sensitized Stainless Steel." Material selection, fabrication
practices, examination procedures, and protection procedures performed in accordance
with these recommendations provide reasonable assurance that the austenitic stainless

steel used for reactor internals will be in a metallurgical condition which precludes
susceptibility to stress corrosion cracking during service. The use of materials
proven to be satisfactory by actual service experience and conformance with the
recommendations of these regulatory guides constitutes an acceptable basis for
meeting the applicable requirements of General Design Criteria 1 and 14.

4.6 Functional Design of Reactivity Control Systems
4.6.1 General

The control rod drive system and recirculation flow control system are designed for
reactivity control during power operation. Reactivity is controlled in the event of
fast transients by automatic rod insertion. In the event the reactor cannot be shut
down with the control rods, the operator can actuate the standby liquid control
system which pumps a solution of sodium pentaborate into the press;re vessel.

4.6.2 Control Rod System

Each control rod is moved by a separate hydraulic control unit. A supply pump
provides each hydraulic control unit with water from the cycled condensate storage
u nk for cooling the rods and for moving them into and out of the core, with a spare
pump on standby. The pump also provides water to a scrom accumulator in each hydraulic
control unit. The accumulator forces water into the control rod drive system to
scram the control rod connected to that hydraulic control unit: at lower pressures
the volume of water in the scram accumulator is sufficient to scram the rod--at
higher pressures this volume of water is supplemented by water directly from the
reactor vessel. A single failure in an hydraulic control unit would result in the
failure of only one rod. In addition, any single component may be removed from the
control rod drive system without disabling the protective system. The protection
system has been desiqned to permit periodic functional testing during power operation
with the capability to test individual scram channels and motion of individual
cantrol rods independently, thus complying with the requirements of General Design
Criterion 21.

Preoperational tests of the control rod drive hydraulic system will be conducted.
With all drives installed, flow rates, system pressures, and transient response of
rods will be verified in both wit', draw and insert directions; these parameters must
be within the limits prescribed by design specifications. Periodic testing of the
control rod drive system response times will be conducted to demonstrate continued
acceptable performance.

The protection system is designed so that failure of all electrical power will cause
the control rods to scram, thereby protecting the reactor. This complies with the
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requirements of Gener:1 Design Criterion 23. The separation of the protection

system which initiates a scram and the control system as required by General Design
Criterion 24 is discussed in subsection 7.2 of this report.

A malfunction in the control rod system could result in a reactivity insertion. The
appilcant demonstrated in his safety analyses (Chapter 15 of the Final Safety Analysis
Report) that the protection system limits these postulated transients within acceptable
fuel response, as required by General Design Criterion 25.

The control red drive system is designed to provide reactivity control under normal
operation and anticipated operational occurrences with an appropriate allowance for
a stuck rod. This capability is demonstrated by the safety analyses discussed in
Chapter 15 of the Final Safety Analysis Report. This system is also capable of
holding the core subcritical under cold shutdown conditions. The standby liquid
control system is capable of accommodating reactivity changes during normal
operation conditions (i.e., power changes, xenon burnott} Based on our evaluation,

we conclude that these systems, taken together, satisfy the requirements of General

Design Criteria 20, 26, and 28 as noted auove.

The control rod drive system is capable of providing reactivity control following
postulated accidents with an appropriate margin for a stuck rod. We have evaluated
this capability which is demonstrated by the loss-of-coolant accident and rod dropout
analyses presented by the applicant which, in turn, show that the consequences are
acceptable and core cooling is maintained, as required by General Design Criteria
20, 27, and 28.

The control rod drive reactivity control systems satisfy the requirements of the
General Design Criteria nots a vove and are acceptable to us.

4.6.3 Standby Liquid Control System

The standby liquid control system is intended to accomplish shutdown in the unlikely
event the control rods remain fixed in the rated power pattern. It provides a
manual, redundant, independent and diverse means to attain and maintain the reactor
in a subcr. cical condition from any power operation to cold shutdown by injecting a
solution of sodium pentaborate into the reactor vessel.

The system consists of a storage tank, a test tank, two positive-displacement pumps,
two explosive valves, and associated local valves and controls located within the
reactor building. A heater system maintains the solution temperature between
75 degrees Fahrenheit to 85 degrees Fahrenheit, to prevent precipitation of the
sodium pentaborate from the solution during storage. High and low liquid level and
temperatures are alarmed in the control room. The two parallel pumps draw the
solution from the storage tank via a common suction line. The discharge from the
two pump lines are provided with check valves, a cross over line and an explosive
valve. They are arranged such that the failure of either pump or explosive valve
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will not prevent the sodium pentaborate solution from entering the reactor vessel.
The explosive squib causes a plug to be sheared-off 50 as to permit entry of the
solution.

System actuation is accomplished by two manually operated two position key-locked
switches at the control console. Switching starts an injection pump, actuates the
explosive valves and closes the reactor cleanup system to prevent loss or dilution
or boron. Should the provided instrumentation indicate the solution is not entering
the reactor vessel, the operator can imediately turn the second switch to actuate
the alternate pump.

The standby liquid control system equipment for injection of the sodium pentaborate
solution is designed to seismic Category I requirements. Based on our review we
conclude that the design of the standby liquid control system conforms to the
requirements of General Design Criterion 26 for a second reactivity control system
and is, therefore, acceptable.
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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.1 Summary Description

The principal components of the reactor coolant system are the reactor pressure
vessel, reactor recirculation system, main steam lines includir.g the outermost
main steam isolation valve, and the pressure relief system. These components and
systems comprise the major portion of the reactor coolant pressure boundary. The
reactor coolant pressure boundary also contains portions of the reactor core
isolation cooling system, the residual heat removal system ad the reactor water
cleanup system. Portions of these systems, as well as other piping that extend
out to the outermott isolation valve, are part of the reactor coolant pressure
boundary.

5.2 Integrity of Reactor Coolant Pressure Boundary
5.2.1 Design of Reactor Coolant Pressure Boundary Components

The design loading combinations specified for American Society of Mechanical Engi-
neers Code Class 1 reactor coolant pressure boundary cowponents and their supports
have been appropriately categorized with respect to the plant condition identified
as normal, upset, emergency or faulted. The design limits used by the applicant
for these plant conditions are consistent with the criteria recommended in
Regulatory Guide 1.48, " Design Limits and Loading Combinations for Seismic

Category I Fluid System Components." Use of this criteria for the design of the
reactor coolant pressure boundary components and supports provides reasonable

assurance that (1) in the event an earthquake should occur at the site, cr (2)
other system upset, emergency or faulted conditions should develop, the resulting
combined stresses imposed on the system components will not exceed the allowable

design stresses and strain limits for the materials of construction. Limiting the
stresses and strains under such loading combinations provides a basis for the
design of the system components for the most adverse loadings postulated to occur
during the service lifetime without loss of the system's structural integrity.
Subject to satisfactory resoluton of the measures discussed in subsection 3.9.2 of
this report the design load combinations and associated stress and deformation
limits specified for American Society of Mechanical Engineers Code Class 1
components and their supports constitute an acceptable basis for design in satis-
fying the related requirements of General Design Criteria Nos. 1, 2 and 4.

The applicant identified the active components within the reactor coolant pressure
boundary for which operation is required to safely shut down the plant and
maintain it in a safe condition in the event of a safe shutdown earthquake or
design basis accident. The applicant utilized an operability assurance program,
in addition to stress and deformation limits. to qualify active valves. This
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program includes valve testing, or a cuntination of tests and predictive analysis,
supplemented by seismic qualification testing of valve operator systems to provide
assurance that active ecmponents (1) will withstand the imposed loads associated
with normal, upset, emergency and faulted plant conditions without loss of structural
integrity and (2) will perform the " active" function under conditions comparable
to those expected when safe plant operation or shutdown is to be effected, or the
consequences of a seismic transient or of an accident are to be mitigated.

Subject to satisfactory resolution of component testing procedures discussed in
subsections 3.9.1 and 3.9.2 of this report the applicant's component operability
assurance program constitutes an acceptable basis for implementing the require-
ments of General Design Criterion 1 as related to the operability of American
Society of Mechanical Eng heers Code Class I active valves.

The applicant was requested to provide stresses and corresponding margins of
safety for critical reacto- vessel support ccmponents due to transient pressure
loads resulting from wor <t case blowdown (see subsection 3.9.1 of this report).
The applicant provided the requested information in Aa ndment 76 to the Final
Safety Analysis Report, August 28, 1978.

We conveyed our position to the applicant describing an acceptacle procedure for
assuring early detection of possiole occurrence of cracks in the feedwater nozzles,
control rod drive return line nozzles, and vessel blend radii. The applicant will

provide a satisfactory response to our position regarding the augmented inservice
inspection program. We initiated discussions with the applicant pertaining to
this matter. Resolution of this matter will be provided in a supplement to this

report. (See subsection 5.2.4 of this report).

Compliance with 10 CFR Part 50, Section 50.55a

Components of the reactor coolant pressure boundary as defined by the rules of
10 CFR Part 50, Section 50.55a, " Codes and Standards," have been properly classi-
fled as American Society of Mechanical Engineers Section III, Class A or Class 1,
the Draft American Society of Mechanical Engineers Code for pumps and valves,
Class 1, and American National Standards Institute B31.7, Class 1 components in
Tables 3.2-1 and 3.2-2 of the Final Safety Analysis Report.

These Quality Group A reactor coolant pressure boundary components have been con-
structed to the maximum extent practical in accordance with the codes and addenda
described in 10 CFR Part 50, Section 50.55a. The codes and addenda used for
construction of the Quality Group A components are those that were required at the
time of procurement of the components.

We reviewed the American Society of Mechanical Engineers codes and addenda used in
the construction of the reactor coolant pressure boundar, components and identified
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no major differences between these codes and adoenda and those described in the

codes and standards rule, 10 CFR 50.55a. We conclude that the American Society of
Mechanical Engineers codes and addenda used in the construction of the Quality
Group A reactor coolant pressure boundary components are designed in compliance

with the codes and addenda described in 10 CFR 50.55a to the maximum extent
practical; and that in accordance with considerations of 10 CFR 50.55a(a)(2),
the Quality Group A components meet the requirements of 10 CFR 50.55a which

provide adequate assurance that component quality is commensurate with the
safety function of the reactor coolant pressure boundary.

Applicable Code Cases

The American Society of Mechanical Engineers Code Cases specified in Table 5.2-4 of
the Final Safety Analysis Report whose requirements have been applied in the con-
struction of pressure-retaining American Society of Mechanical Engineers Section III,
Class A or Class 1, components with the reactor coolant pressure boundary
(Quality Group Classification A), are in accordance with those code cases that are
generally acceptable to us. We conclude that compliance with the requirements of
these code cases, in conformance with the Commission's regulations, is expected to
result in a component quality level that is commensurate with the importance of the
safety function of the reactor coolant pressure boundary and is acceptable.

5.2.2 Overpressurization Protection

The criterio used in the design and mounting of the safety and relief valves of
American Society of Mechanical Engineers Code Class 1 systems provides adequate

assurance that, under discharging conditions, the resulting stresses are expected
not to exceed the allowable design stress and strain limits for the materials of
construction. Limiting the stresses under the loading combinations associated with
the actuation of these pressure relief devices provides a conservative basis for the
design of the system components to withstand these loads without loss of structural
integrity and impairment of the overpressure protection function. The criteria used
for the design and installation of overpressure relief devices in American Society
of Mechanical Engineers Code Class I systems are consistent with the guidelines of
Regulatory Guide 1.67, " Installation of Overpressure Protection Devices," and Section
III of the American Society of Mechanical Enginee s Code, and constitute an accept-
able design basis in meeting the applicable requirements of the General Design
Criteria 1, 2, 4,14 and 15.

The Wm. H. Zimmer Nuclear Power Station has 13 safety / relief valves for overpressure
protection during transients at operating conditions. These are located on the main
steam lines with two valves on each of steam lines A and D, four on line 3, and five
on line C. The valves have a three-fold role:
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(1) To limit the pressure within the reactor coolant pressure boundary to 110
percent of the design value (1.1 x 1250 = 1375 pounds per square inch gauge) by
utilizing the valves in their safety mode.

(2) To relieve pressures at lower pressures in order to minimize safety action
using the valve relief mode.

(3) To depressurize the reactrr as part of the emergency core cooling system in the
automatic depressurization system mode, for events involving small breaks in
the reactor coolant system. This permits injection by the low pressure en,ergency
core cooling system subsystems. There are six valves in the automatic depressur-
ization system.

The valves are designed to meet seismic and quality standards consistent with
requirements of Regulatory Guides 1.26, " Quality Group Classifications and Standards
for Water , Steam , and Radioactive Waste-Containing Components of Nuclear Power
Plants," and 1.29, " Seismic Design Classification," as discussed in subsection 3.9
of this report.

The nominal setpoints of the safety / relief valves are 1076 to 1116 pounds per square
inch gauge in the relief mode and 1165 to 1205 pounds per square inch gauge in the
safety mode.

The applicant analyzed a series of transients expected to require pressure relief
actuation to prevent overpressurization. These are tabulated below:

Pressurization Events Resulting in Pressure Relief Actuation

(1) Generator Load Rejection with Bypass
(2) Turbine Trip with Bypass
(3) Turbine Trip w/o Bypass

(4) Closure of all Main Steam Isolation Valves
(5) Pressure Regulator Failure - Fall Open
(6) Loss of Auxiliary Power

(7) Feedwater Controller Failure - Maximum Flow

The applicant shows that the reactor coolant pressure at the vessel bottom remains
bel'w the American Society of Mechanical Engineers Code limit for the worst depres-
surization event, main stear isolation valve closure. The analysis used the high
pressure scram in accordance with our requirements described in Standard Review Plan
5.2.2 "0verpressurization Protection." The analysis revealed that, even with as few
as nine of the total number of thirteen valves operating to mitigate the transient,
the maximum pressure was slightly less than the allowable limit of 1375 pounds per
squarr inch gauge, corresponding to the American Society of Mechanical Engineers
Code limit of 110 percent of the design pressure.
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Trip of the recirculation pumps at high vessel pressure is used to provide partial
mitigation of the consequences of anticipated transients without scram. It was
found that the effects of this trip were not included in the analyses. We require
that overpressurization calculations, including the effects of this trip, be
submitted for evaluation. The results will be discussed in a supplement to this
report.

The safety relief valve manufacturer tests the velves hydrostatically, for valve
response, for set pressure, and for seat leakage prior to shipment to certify that
design and performance requirements have been met. Specified manual and automatic

actuation is verified during the preoperational test program. This complies with
the preoperational testing of Regulatory Guide 1.68, " Initial Test Programs for
Water-Cooled Reactor Power Plants." In addition, one-half of the valves will be
tested to check set pressure at each refueling outage. We requested information
concerning qualification tests and operating experience with the safety relief
valves with respect to the safety mode of activation and performance of the auto-
matic depressurization function. The results of our review of the response to this
information request will be discussed in a supplement to this report.

The system designed to prevent overpressurization of the reactor coolant system was
reviewed. We conclude that this system conforms to the requirements of General
Design Criterion 15 and the American Society of Mechanical Engineers Boiler and
Pressure Vessel Code and is acceptable, subject to review of an analysis using the
anticipated transient without scram pump trip, and analytical methods discussed in
subsection 15.1 of this report. We will report on this matter in a supplement to
this reoort.

5.2.3 Reactor Coolant Pressure Boundary Materials

Material Specifications and Compatibility with Reactor Coolant

The materials used or construction of components of the reactor coolant pressure
boundary, including the reactor vessel and its appurtenances, have been identified
by specification and found to be in conformance with the requirements of Section III
of the American Society of Mechanical Engineers Code.

Based on meeting the guidance and acceptance criteria described in the Standard
Review Plan 5.2.3, " Reactor Co-lant Pressure Boundary Materials," we conclude that
general corrosion of all materials except carbon and low alloy steel will be negli-
gible. For these materials, conservative corrosion allowances have been provided
for all exposed surfaces of carbon and low alloy steel in accordance with the require-
ments of the American Society Mechanical Engineers Code, Section III. The external
nonmetallic insulation to be used on austenitic stainless steel components conforms
with the requirements of Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for
Austenitic Stainless Steels."
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Further protection against corrosion problems will te provided by control of the
chemical environment. The composition of the reactor coolant will be controlled;

and the proposed maximum contaminant levels have been shown by tests and service
experience to be adequate to protect against corrosion and stress corrosion problems.
The controls imposed on reactor coolant chemistry are in conformance with the recom-
mendations of Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors," and provide reasonable assurance that the reactor coolant pressure boundary
components will be adequately protected during operation from conditions that could
lead to stress corrosion of the materials and loss of structural integrity of a
component.

The instrumentation and sampling provisions recommended in Regulatory Guide 1.56,
" Maintenance of Water Purity in Boiling Water Reactors," for monitoring reactor
coolant water chemistry provide adequate capability to detect changes on a timely
basis and to effect corrective actions to bring coolant chemistry within limits
which will prevent stress corrosion. The use of materials of proven performance and
the conformance with the recommendations of the regulatory guides constitutes an
acceptable basis for satisfying the requirements of General Design Criteria 14 and
31.

Stainless Steel Pipe Cracking

In September 1974, cracking was experienced in the stainless steel piping at Dresden
Nuclear Power Station, Unit No. 2. This was the first of a series of incidents of
intergranular stress corrosion cracking that occurred in weld heat-affected zones in
Type 304 stainless steel recirculation system bypass piping systems and core spray
lines. As a result of these incidents, we formed a special task group to investigate
the causes of the cracking. The results and conclusions of the task group are given
in our technical report, " Investigation and Evaluation of Cracking in Austenitic
Stainless Steel Piping of Boiling Water Reactor Plants," NUREG 75/067, October 1975.

The task group found that austenitic stainless steel piping in the reactor coolant
pressure boundary of boiling water reactors is susceptible to stress corrosion
cracking due to the presence of oxygen in the coolant, high residual stresses and
some sensitization of metal adjacent to welds. It found that such cracks were
expected to be in the heat-affected zones adjacent to welds and not to occur outside
these zones where sensitization has not taken place, provided the pipe material is
properly annealed.

The applicant is implementing a number of the task group's recommendations for
identified areas of high susceptibility. The two bypass lines have been entirely
removed from the recirculation system. The core spray safe-ends are carbon steel.
The control rod drive hydraulic return line and the existing reactor pressure vessel
return nozzle will be valved off and the water returned to the reactor vessel by way
of the drive seals. These reasures are in accordance with task group recommendations
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specifically directed at plants under construction and are acceptable to us. By

letter dated February 28, 1978, we requested that the applicant provide us with
information regarding his implementation of the position stated in NUREG-0313,
" Technical Report on Material Selection and Processing Guidelines for RWR Coolant
Pressure Boundary Piping." We will report on this matter in a supplement to this
report.

Fabrication and Processing of Ferritic Materials

Materials selection, toughness requirements, and extent of materials testing proposed
by the applicant provide assurance that the ferritic materials used for pressure
retaining components of the reactor coolcnt tcundary, including the reactor vessel
and its appurtenances, will have adequats -,ughness under test, normal operation,
and transient conditions.

The ferritic materials are specified to meet the toughness requirements of the
American Society of Mechanical Engineers Code, Section III. In addition, materials
for the reactor vessel are specified to meet the additional test requirements and
acceptance criteria of Appendix G to 10 CFR, Part 50.

The fracture toughness tests and procedures required by Section Ill of the American
Society of Mechanical Engineers Code, as augmented by Appendix G to 10 CFR, Part 50,

for the reactor vessel, provide reasonable assurances that adequate safety margins
against the possibility of nonductile behavior or rapidly propagating fracture can
be established for all pressure retaining components of the reactor coolant boundary.

Compliance with these Code provisions and Commission Regulations constitutes an
acceptable basis for satisfying the requirements of General Design Criterion 31.

The weldia.3 procedures used for ferritic steels in limited access areas comply with
the intent of Regulatory Guide 1.71, " Welder Qualification for Areas of Limited
Accessiblity." The fabrication practices and examination procedures performed in
accordance with '.hese recommendations provide reasonable assurance that ferritic
stainless steels in the reactor coolant pressure boundary will be satisfactory in
locations of restric % and visual accessibility

Conformance with the regulatory guides mentioned constitutes an acceptable basis for
meeting the requirements of General Design Criteria i and 14.

Fabrication and Processing of Austenitic Stainless Steels

The controls imposed upon componer.:s constructed of austenitic stainless steel used
in the reactor coolant pressure boundary and for the reactor vessel and its appur-
tenances satisfy the recomm(ndations of our Branch Technical Position, Materials
Engineering Branch 5-1 on Regulatory Guide 1.31, " Control of Stainics, Steel Welding,"
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Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel," Regulatory
Guide 1.37, " Quality Assurance Requirements for Cleaning of Fluid Systems and Associ-
ated Components of Wter Cooled Nuclear Power Plants," Regulatory Guide 1.71, " Welder
Qualification for Areas of Limited Accessiblity."

Material selection, fabrication practices, examination procedures, and protection
procedures performed in accordance with these recommendations provide reasonable
assurance that the austenitic stainless steel in the reactor coolant pressure boundary
will be free from hot cracking (microfissures) and in a metallurgical condition
which minimizes susceptibility to stress corrosion cracking during service. Con-
formance with these regulatory guides constitutes an acceptable basis for meeting
the requirements of General Design Criteria 1 and 14.

5.2.4 Reactor Coolant Pressure Boundary Inservice Inspection & Testing

We have completed our review of the applicant's preservice inspection and testing
program but have not completed our review of requests for relief from the code
requirements of 10 CFR, Part 50, Section 50.55a(g)(2). In addition, we are reviewing
the augmented inservice inspection required for early detection of feedwater and

control rod drive return nozzle and blend radii cracks (see subsection 5.2.1 of this
report). The applicant has not submitted his revised inservice inspection program
(10 CFR, Part 50, paragraph 50.55a(g)(4)). We will review this information when.it
becomes available to assure implementation of 50.55a(g)(4) requirements and will
report the results of our review in a supplement to this report.

5.2.5 ReactorCoolantPressureBoundaryleakageDetectM

A limited amount of leakage is to be expected from components forming the reactor
coolant boundary. Components such as valve stem packing, circulating pump shaft
seals, and flanges are not completely leak tight. This type of leakage (identified
leakage) is monitored, limited, and separated from other leakage (unidentified).

Unidentified leakage may be an indication of a small through-wall flaw developed in
the primary coolant boundary. Changes in the unidentified leakage may represent a
change in flaw size which is a safety concern.

Identified leakage within containment is collected in the drywell flvor drain sump
and drywell equipment drain sump. The former normally collects leakage from control
rod drive, valve flange leakage, floor drains, chilled cooling water system, and
drywell cooling unit drains. Tre equipment drain Sump collects condensate leakage
from pump seals, reactor vessel head flange vent drain, and valve packing. Leakage
in excess of background leakage would indicate initiation of unidentified leakage.

Drywell cooler cor.densate flow rate is indicated and alarmed in the control room;
the alarm may be adjusted to annunciate when tne flow rate approaches the technical
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spuffication limit. The condensate rate is related to drywell humidity content,
indicating a possible reactor coolant pressure boundary leak from an unidentified
source when an increase is noted. An unidentified leak can also be detected by an
increase in drywell pressure. Drywell ambient temperature increase measured
either directly, at various elevations, or by measuring an increase in water
tempet ature leaving the air coolers will indicate an increase in leakage within
the drywell. The air sampling system draws samples from the drywell atmosphere
and monitors these samples for airborne radioactivity; an increase is annunciated
in the control room.

Leakage through the first of the two seals forming the reactor vessel head closure
is annunciated in the control room. Increased pressure between the seals is
alarmed in the control room.

Recirculation pump seal leakage, indicated as a high flow rate in the drain line,
is ala~med in the control room. Safety / relief vilve leakage is detected byr

temperature sensors in the discharge line; leakage, indicated as temperature
increase above ambient, is annunciated in the control room.

Valve stem packing leaks from power-operated valves in the nuclear boiler system,
reactor water cleanup system, high and low pressure core spray systems, reactor
core isolation system, residual heat removal system, and recirculation system are
detected by monitoring packing leakoff for high temperature. Leaks are annunci-
ated in the control room.

Temperature sensing systems are installed in rooms containing the reactor core
isolation cooling, residual heat removal and reactor water cleanup systems equip-
ment and in the main steam line tunnel. Annunciator and remote readouts from the
temperature sensors are provided in the control room; an alarm is sounded and
isolation initiates . hen a preset temperature is reached.

The reactor building sump normally collects leakage from the reactor water cleanup
system and control rod drive systems and from other miscellaneous vents and
drains. Instrumentation is present to monitor and indicate the rate of leakage
into the sump which may be compared to the normal amount which is found during
preoperational testing.

A dif ferential flow measurement is used to measure reactor water cleanup systems
leakage during operation; flow from the reactor vessel is compared with that
returning to the reactor vessel. The signal is alarmed at a preset level.

Leak detection instrumentation is available after a safe shutdown earthquake as
required by Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary Leakage
Detection Systems."
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The sumps in the drywell are capable of detecting an increase in unidentified
leakage of one gallon within one hour which satisfies the sensitivity requirements
of Regulatory Guide 1.45.

The leak detection systems may be tested for operaDility during plant operaticn.
There are sufficient methods (at least three) to measure reactor coolant pressure
boundary leakage within containment, in accordance with the requirements of
Regulatory Guide 1.45.

The limiting conditions for operation in the technical specifications covering
system operability specify that at least two of three containment leak detection

articulate radioactivity monitoring, sump flow inte-systems n.ast be operable w
grating, and air cooler condensate flow rate monitoring) and provides for appro-
priate limitations in case of failure of one or two systems. In addition, leakage
limits are specified as five gallons per minute unidentified leakage, averaged
over a 24-hour period with a limit of an average of 25 gallons per minute of total
leakage for 24 hours.

The leakage detection systems provide reasonable assurance for detecting small
leaks across the reactor coolant pressure boundary as required by General Design

Criterion 30 and Regulatory Guide 1.45 and are acceptable.

5.3 Reactor vessel

5. 3.1 Compliance with Code Requirements

We reviewed the materials selection, toughnes'. requirements, and extent of
materials testing performed by the applicant to provide assurance th * the
ferritic materials used for pressure retaining components of the reactor coolant
boundary will have adequate toughness under test, normal operation, z.nd transient
conditions. The reactor vessel is designed in accordance with the American

Society of Mechanical Engineers Boiler and Prescure Vessel Code, Section III, 1968
Edition, including Addenda through Summer 1970 (except N-335) based on the order

date of November 1969.

The ferritic pressure boundary material of the reactor pressure vessel was quali-
fled by impact testing in accordance with the American Society of Mechanical
Engineers Code, Section III, 1968 Edition, including Addenda through Summer 1970.

We reviewed the method of compliance with 10 CFR, Part 50, Appendix G, proposed by

the applicant and find the approach generally acceptable.

However, as with other plants similar to the Zimmer plant, we expect that there are
areas where some of the fracture toughness tests and procedures are in noncompliance
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with certain requirements of 10 CFR, Part 50, Appendix G, "F racture f oughness
Requirements," and where some of the ferritic material surveillance program is in
noncompliance with certain requirements of 10 CFR, Part 50, Appendix H, " Reactor
vessel Material Surveillance Program Requirements."

The reason for noncompliance is that the reactor vessel was ordered and fabricated

and its test.79 programs were developed well before the requirements of Appendices G
and H to 10 CFR, Part 50. became effective.

We are reviewing information submitted by the applicant to assess if specific
exemptions may be granted for items of noncompliance to 10 CFR, Fart 50, Appendix G
pursuant to 10 CFR, Part 50.12. The areas of noncompliance are similiar to those
reviewed and approved by us for exemptions on other applications. However, the
applicant has not provided all the information necessary to evaluate compliance
with 10 CFR, Part 50, paragraph IV B. We will require that this information be

submitted by the applicant to ensure that acceptable safety margins are obtained.

If we grant a similar exemption for the " mmer Station, our safety evaluation
supporting the matter will accompany the granting documents.

5.3.2 Operating Limitations

The reactor will be operated in a marner that will minimize the possibility of
rapidly propagating failure. The pressure-temperature limit curves, for all phases
of plant operation, were established using the available impact test data and con-
servative nil-ductility transition reference temperature estimates to perform a
fracture toughness calculation by the methods of the American Society of Mechanical
Engineers Code, Section III, Appendix G (Summer 1972 Addenda) for all areas of the
vessel remote from discontinuities. These calculations were based on a postulated
surface flaw equal to one quarter of the material thickness. All vessel shell and

head areas remote from discontinuities were considered and the operating curves were
developed based on the limiting area. The maximum through-wall temperature dif fer-
ence resulting in continuous heating or cooling at 100* degrees Fahrenheit per hour
was considered. The safety factors applied were in accordance with American Society
of Mechanical Engineers Code Section III, Appendix G, 10 CFR, Part 50, Appendix G,
paragraph IV.A.2.c and General Electric Company Topical Report, NED0-21778,"
Transient Pressure Rises Affecting Fracture Toughness Requirements for BWR's."

The applicant has not provided sufficient technical justification and data to
demonstrate that the estimate of initial nil-ductility transition reference tem-
perature is acceptable. We will require that this justification and data be
submitted for our review. When the applicant submits this information, we will
review it to ensure that acceptable estimates of initici nil-ductility transition

reference temperature are used to construct the operating limits curves. When the
review is complete, our evaluation will be included in a supplement to this report.
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We reviewed the operating limit curves in the Final Safety Analys 4 Report and
conclude they are acceptable. The use of Appendix G of the Ame, nan Society of
Mechanical Engineers Code as a guide in establishing safe operating limitations, and
using results from the available fracture toughness tests and conservative estimates
performed in accordance with the American Society of Mechanical Engineers Code and
Coemission Regulations, will ensure adequate safety margins during operation, testing,
and mainterance. Compliance with these American Society of Mechanical Engineers
Code provisions and Commission Regulations constitutes an acceptable basis for
satisfying the requirements of General Design Criterion 31.

Reactor Vessel Material Surveillance Program

The toughness properties of the reactor vessel beltline material will be monitored
throughout the service life with a surveillance program. The applicant requested
trat the we evaluate the method of compliance with 10 CFR, Part 50, Appendix H,

based on page 19013 of the July 17, 1973 FEDERAL REGISTER.

The material surveillance program is similar to others approved by us for similar
reactor vessels such as Hatch 2. Tre applfcant has identified the areas of non-
compliance with Appendix H to 10 CFR, Part 50.

Changes in the fractJre toughness of material in the reactor vessel beltlino
caused by exposure to neutron radiation will be assessed properly, and adequate
safety margins acainst the possibility of vessel failure can be provided if the
material surveillance requireme ts of Appendix H, 10 CFR, Part 50 are met.
Compliance with this document will ensure that the surveillance program consti-
tutes an acceptable basis for monitoring radiation induced changes in the fracture
toughness of the reactor vessel material, and will satisfy the requirements of
General Design Criterion 31. However, as stated in subsection 5.3.1 of this report,
we expect that there will be areas where some of the ferritic material surveil-
lance program is in noncompliance with certain requirements of 10 CFR, Part 50,
Appendix H, " Reactor Vessel Material Surveillance Program Requirements."

We will review the information when provided by the applicant, to determine whether,
pursuant to 10 CFR 50.12, specific exemptions should be granted. The areas
of noncompliance are similar to those reviewed and approved by us for examptions
on other applications.

If we grant a similar exemption for the Zimmer Station, our safety evaluation
supporting the matter will accompany the granting documents.

5.3.3 Reactor Vessel Integrity

We reviewed all factors contributing to the structural integrity of the reactor
vessel and conclude there are no special considerations that make it necessary to
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consider potential vessel failure for the Wm. H. Zimmer Nuclear Power Station,
Unit No. 1. The bases for our conclusion are that the design, material, fabri-
cation, inspection, and quality assurance requirements conform to the rules of the
American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section
III, 1968 Edition, including Addenoa and applicable Code Cases through Summer
1970.

Although we have identified areas of noncompliance with Appendices G and H of
10 CFR, Part 50, we will require that acceptable safety margins are obtained.

Operating limitations on temperature and pressure will be established for this
plant using as a guide Appendix G, " Protection Against Non-Ductile Failure," of
the 1972 Summer Addenda of the American Society of Mechanical Engineers Boiler and
Pres jre Vessel Code, Section III.

lhe integrity of the reactor vessel is assured because the vessel:

(1) Is designed, analyzed and fabricated to the high standards of quality required
by the American Society of Mechanical Engineers Boller and Pressure Vessel
Code, Section III, and pertinent Code Cases.

(2) 15 made from materials of controlled and demonstrated high quality.

(3) Will be inspected and tested to provide substantial assurance that the vessel
will not fail because of material or fabrication deficiencies.

(4) Will be operated under conditions and procedures and with protective devices
that provide assurance that the reactor vessel design conditions will not be
exceeded during normal reactor operation or during most upsets in operation.

(5) Will be subjected to monitoring and periodic inspection to demonstrate that
the high initial quality of the reactor vessel has not deteriorated signifi-
rintly under the service conditions.

An acceptable procedure for assuring early detection of possible occurrence
of cracks in the feedwater nozzle, control rod drive return line nozzle and
vessel blend radius has not been orovided by the applicant. Resolution of
this issue will be discussed in a supplement to this report as stated in
subsections 5.2 1 and 5.2.4 of this report.

5.4 Component and Subsystem Design

5.4.1 Reactor Core Isolation Cooling System

The reactor core isolation cooling system is designed to provide water to the
reactor vessel in the event of low water level. The reactor core isolation
cooling system is normally aligned to take water from the condensate storege tank
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dHd inject it into the reactor vessel through the read spray nozzle to maintain
core cooling (the high pressure core spray system also sta'ts on low water level).%

The reactor core isolation cooling system uses a centrifugal pump driven by a;

,,

steam turbine. System valves are operatad by the direct current power system. In *

. this way the reactor core isolation cooling system has Deen made independent of -."
, ,

alternating current power supplies for greater reliability. The reactor core ,
, .

isolation cooling system can operate for a minimum of eight hours with water from j'
the condensate storage tank; the system can be lined up to inject water from the 1

~ suppression pool as required. 4 f
,

E" The reactor core isolation cooling system is housed within the reactor and auxiliary ,

buildings which are protected against the effects of earthquakes, floods, and #

other phenomena, in accordance with General Design Criterion 2, as discussed in
-

,

subsection 3.2 of this report.

.

The reactor core isolation cooling system is utilized for safe shutdown and has
'

s

proper seismic and quality group classifications for a safety grade system in |. -
|w

~ accordance with the specifications of Regulatory Guide 1.29, " Seismic Design ,

" Classification," as discussed in subsection 3.2 of this report. |
|
i %

The reactor core isolation cooling system is started automatically by reactor '[
y I"'. vessel low water level signal but may also be operated manually by the operator in

the control room.
,

,

m
'

_

The high pressure core spray and reactor core isclation cr ling systems are located ,

in different corners of the reactor building and are thus rrotected against common ',
mode failure. They use different energy sources for pump motivation (steam turbine ;,

V"
, fc- reactor core isolation cooling system, electric power for high pressure core

i
,

spray system and different power systems for control power). This diversity |,
conforms to the requirements of Section 5.4.6 of the Standard Review Plan.

The reactor core isolation cooling system design operating parameters are consistent "

with expected operational modes as noted in the process flow diagram. ,

x , .

'

The design and installation of the reactor core isolation cooling system is in ;

accordance with applicable codes as discussed in subsection 3.9 of this report.

.
The system is designed to operate under all operating and accident conditions, as
noted in subsection 3.11 of this report. In addition, the system is protected ,

against pipe whip inside and outside containment required by General Design

,
Criterion 4, as discussed in subsection 3.6 of this report.

"

;

The reactor core isolation cooling system contains a miniflow line which dis-
charges into the suppression pool when the line to the reactor vessel is isolated. ,

.

In order to protect the reactor core isolation cooling system pump against the
effects of water hammer when starting, a jockey pump keeps the system full. The

' system will be checked at least once every 31 days to assure that the lines are

( filled. Further, an alarm is sounded if the pump stops.

,

"
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The reactor core isolation cooling system includes a full flow test line with
water return to the condensate storage tank for periodic testing. Technical
specifications include a ficw test at least every 92 days and a system functional
test at least every 18 months with simulated autcmatic actuation and verification
of proper automatic valve position. In addition, the flow rate is measured.

Isolation betweeq the reactor coolant system and the reactor core isolation cooling
system is provided by: (aj two check valves and a closed motor-operated valve in
the reactor core isolation cooling system discharge line, and (b) one closed
motor-operated valve in the steam line to the reactor core isolation cooling steam
turbine. We require that isolation valves be leak tested periodically in accordance
with the provisions of Section XI of the American Society of Mechanical Engineers
Boiler and Pressure Vessel Code. The applicant must provide leakage limits for
each of the valves in the technical specifications.

The reactor core isolation cooling system and the high pressure core spray system
maintain water level and core cooling within the reactor vessel in the esent of a
reactor coolant system leak. The reactor core isolation cooling system is acceptable
based on conformance with applicable regulatory guides, our positions, and General
Design Criteria.

5.4.2 Residual Heat Removal System

The residual heat removal system consists of three separate loops with a pump in
each loop and a heat exchanger in each of two of the loops. The residual heat
removal system operates in four different modes:

(1) Shutdown cooling
(2) Steam condensing

(3) Low pressure cooling injection
(4) Containment cooling.

The residual heat removal system is used to cool the reactor to the cold shutdown
mode after the reactor coolant system temperature and pressure have been reduced

to permit residual heat removal system operation. The primary system can be
cooled to 125 degrees Fahrenheit within 20 hours after reactor scram. This tempera-
ture can be maintained with one reactor heat removal system loop during refueling
and servicing. The residual heat removal system can be used to cool the vessel
head by means of the head sprat nozzle.

Steam from the main steam line is piped directly to the reactor heat removal
system heat exchangers in the steam condensing mode. A pressure reducing valve is
used to reduce the steam pressure to the desired operating pressure. The condensate
may be returned to the vessel via the residual heat removal system or discharged
to the suppression pool.
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The reactor heat removal system operates as low pressure coolant injection system

in the event of a loss-of-coolant accident as discussed in subsection 6.3 of this
report. Containment cooling has two facets-. suppression pool (wetwell) spray and
containment (drywell) spray, which can be supplied by either of two loops.

The residual heat removal system has only a single suction line which is vulnerable
to a single failure of either of the isolation valves. The applicant has an
alternate cooling path using the relief valves and suppression pool cooling in the
event of a failure in the residual heat removal system suction line which would
preclude residual heat removal system operation. Both paths are operable from
emergency power supplies. These alternate cooling provisions satisfy the single
failure requirements of General Design Criterion 34.

Flow in the residual. heat removal system is diverted to a miniflow line when
residual heat removal system discharge valves are closed; the miniflow line is
isolated when flow is sufficient to prevent damage to the pump by overheating. A

jockey pump keeps the lines full in order to prevent water hammer on startup.

Isolation betweea the reactor cooling system and the residual heat removal system

is provided by: (a) a check valve and a closed motor-operated valve in each
discharge line, and (b) three closed motor operated valves in the residual heat
removal system pump suction line from the reactor coolant system. We require that
isolation valves be leak tested periodically, in accordance with the provisions of
Section XI of the American Society of Mechanical Engineers Boiler and Pressure
Vessel Code. The applicant must provide leakage limits for these valves in the
technical specifications.

The residual heat removal system will be tested during operation by taking water
from the suppression pool. Valves required to actuate during safety operation
will be tested periodically during power operation. Sequencing of low pressure
coolant injection operation is tested during reactor shutdown periods. This
periodic testing is in conformance with the requirements of General Design

Criteria 34 and 61.

The residual heat removal system is designed to operate under both normal and
accident conditions (discussed in subsection 3.11 of this report.) It is protected
against missiles (discussed in subsection 3.5 of this report), pipe whip (discussed
in subsection 3.6 of this report.) The residual heat removal system components
are designed to function under normal operating and accident conditions as discussed
in subsection 3.11 of this report. In this way, the residual h6at removal system
complies with the requirements of General Design Criterion 4.

The residual heat removal system is designed to seismic Category I requirements.

It is protected against the effects of flooding, tornadoes, hurricanes, and other
weather phenomena by the reactor building in which it is housed (as discussed in

5-16



subsection 3.8 of this report), which conforms with the requirements of Regulatory
Guide 1.29, " Seismic Design Classification," and General Design Criterion 2. The

cratainment isolation requirements of General Design Criteria 55, 56, or 57 are
discussed in subsection 6.2 of this report. Systems used for cooling the residual
heat removal system conform to the requirements of General Design Criteria 44, 45,
and 46, as discussed in subsection 9.2 of this report.

Instruments are provided to indicate flow rate through each loop. Temperature
elements are placed upstream of each heat exchanger, designed to alarm if the
inlet temperature exceeds a preset value. These measurements permit the operator
to monitor and control the residual heat removal system in any of its operating
modes.

We conclude that the residual heat removal system design meets all pertinent
General Design Criteria and regulatory guides and is acceptable based on
compliance with the requirements noted above.

5.4.3 Reactor Water Cleanup System

System Description

The reactor water cleanup system is used to maintain the chemical purity of the
reactor coolant. The portions of the reactor water cleanup system up to and
including the outermost containment isolation valve are part of the reactor
coolant pressure boundary. The applicant's design objectives for the system were
to: (1) prevent excessive loss of reactor coolant; (2) prevent the release of
radioactive material from the reactor; (3) remove solid and dissolved impurities
from the coolant; and (4) discharge excess water during power transients. In
addition, the system is designed to minimize temperature gradients, to conserve
reactor heat, and to maintain serviceability during reactor operation.

The reactor water cleanup system flow rate is 100,000 pounds per hour. The
reactor water cleanup system consists of two 50 percent capacity pumps, regene-
rative and nonregenerative heat exchangers, and two 50 percent capacity filter
demineralizers. The demineralized water may be sent to the reactor through the
shell side of the regenerative heat exchanger, to condensate storage, or to the
liquid radwaste system.

Two isolation valves in the reactor water cleanup system close automatically on a
signal from the reactor coolant pressure boundary leak detection system to prevent
the loss of coolant and the release of radioactive material from the reactor
vessel. These valves also operate if the standby liquid control system is
activated or if the outlet temperature of the non-regenerative heat exchangers
exceed a preset level. The design of the valves is such that they can be operated
manually. Reverse flow isolation is provided by a check valve in the reactor
water cleanup system or feedwater piping.

t
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Flow will be maintained in the filter /demineralizers in the event of low flow or
loss of flow by separate holding pumps provided for each filter /demineralizer
unit. Resin loss to the reactor coolant is prevented by strainers on the outlet
of each filter /demineralizer unit.

Those components of the reactor water cleanup system which are within the
outermost isolation valve boundaiy are designed to Quality Group A and seismic
Category I classification. Those components outboard of the outermost isolation
valve boundary are designed to Quality Group C and non seismic classification.
The isolation valves are designed to Quality Group A and seismic Category I

classification.

Evaluation Findings

The reactor water cleanup system is used to aid in maintaining the reactor water
purity and to reduce the reactor water inventory as required by plant operations.
The scope of the our review of the reactor water cleanup system included the
system capability to meet the anticipated needs of the plant, the capability of
the instrumentation and process controls to ensure operation within the
recommended limits defined in Regulatory Guide 1.56, " Maintenance of Water Purity
In Boiling Water Reactors," and the seismic design and quality group classi-
fications relative to Regulatory Guides 1.26, " Quality Group Classificatic. ..

Standards for Water , Steam- and Radioactive-Waste-Containing Components of

Nuclear Power Plants," and 1.29, " Seismic Design Classification." Our review
included piping and instrumentation diagrams and process diagrams along with
descriptive information concerning the system design and operation.

The basis for acceptance in our review was conformance of the applicant's design
and design criteria to the Conission's regulations and to applicable regulatory
guides, as referenced above, as well as to our technical positions and industry
standards. Based on the foregoing evaluation, we conclude that tne proposed
reactor water cleanup system is acceptable.
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6.0 ENGINEERED SAFFTY FEATURES

The purpose of the various engineered safety features in a nuclear power plant is
to provide a complete and consistent means of assuring that the public will be
protected from excessive exposure to the radioactive materials should a major
accident occur in the plant. Systems and components designated as engineered
safety features are designed to be capable of performing their function of
assuring safe shutdown of the reactor under the adverse conditions of the various

postulated design basis accidents described in section 15.0 of this report. They
are designed to seismic Category I standards and they will function even with
complete loss of offsite power. Components and systems are provided with sufficient
redundancy so that a single failure of any component or system will not result in
the loss of the plant's capability to achieve and maintain a safe shutdown of the
reactor. The instrumentation and control system for each engineered safety feature
is designed to the same seismic, redundency, and quality requirements as the
system it serves. Instrumentation and control systems are discussed in section
7.0 of this report.

6.1 Engineered Safety Feature Materials

6.1.1 Engineered Safety Features Metallic Materials

The mechanical properties of materials selected for the engineered safety features
satisfy Appendix I of Section 111 of the American Society of Mechanical Engineers
Code, or Parts A, B and C of Section II of the Code. The controls on the use and

fabrication of the austenitic stainless steel of the systems satisfy the guidance
and criteria of our position on Regulatory Guide 1.31, " Control of the Use of
Sensitized Stainless Steel."

The controls placed on concentrations of leachable impurities in nonmetallic
thermal insulation used on austenitic stainless steel components of the engineered
safety features are in accordance with Regulatory Guide 1.36, " Nonmetallic Thermal
Insulation for Austenitic Stainless Steel."

Conformance with the Codes and Regulatory Guides mentioned above, and with our

positions on stainless steel constitute an acceptable basis for meeting 3;91t..able
requirements of General Desi;n Criteria 35, 38, and 41.

6 1.2 Organic Materials

The protective coating systems used inside the primary containment were evaluated
as to their suitability under design basis accident conditions.
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The applicant stated that nearly all the organic materials and coatings within the
primary containment meet the requiruents of Regulatory Guide 1.54, " Quality
Assurance Requirements for Protective Coatings Applied to Water-Cooled Nuclear
Power Plants," and that those which do not meet the requirements will be present
in insignificant amounts (total < 10 kilograms). Based on such information, we
conclude that under accident conditions including those of a postulated design
basis accident, these organic materials and paints will not adversely affect the
performance of the engineered safety features equipment.

6.1. 3 Post-Accident Chemistry

The Zimmer Statiin will nn c:e tantainment sprays in the reactor building or
drywel l . The controls on the hydrogen ion concentration of the emergency core
cooling system water following a loss of-coolant accident will be adequate to
ensure freedom from stress corrosion cracking of the austenitic stainless steel
components and welds of the emergency core cooling system throughout the duration
of the postulated accident to completion of cleanup.

6.2 Containment Systems

6.2.1 General

The containment functional design refers to the performance capability of the
reactor containment structure following a postulated loss-of-coolant accident.
For Zimmer, the Mark II type containment is the final fission product barrier in
the unlikely event of a loss-of-coolant accident. It also serves as a heat sink
for certain Operational transients. Figure 6-1 shows the principal features of
the Mark II containment concept. This design utilizes the effect of water pres-
sure suppression and consists of the drywell, the pressure suppression chamber, a
vent system connecting the drywell and suppression chamber, and a vacuum relief
system.

The review of the containment included the temperature and pressure responses of
the drywell and wetwell to a spectrum of loss-of-coolant accidents; suppression
pool dynamic effects during a loss-of-coolant accident and following the actuation
of one or more reactor coolant system pressure relief valves; the capability to
withstand the effects of steam bypass from the drywell directly to the suppression
pool; and the external pressure capability of the containment. The review con-
sidered the applicant's proposed design b m s and design criteria for the contain-
ment and the analyses and test data in support of the criteria and bases.

Our containment review also included . mads resulting from pool cynamic related
phenomena. Following a loss-of-coolant accident an air steam mixture will be
forced from the drywell through the vent system into the suppression pool. The
air component of the v2nt flow forms high pressure bubbles in the pool. Hotion of
the air bubbles results in an upward acceleration of the pool surface which can
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impact internal containment structures. Additional containment loads result as |[
the steam portion of the vent flow condenses in the pool. Actuation of relief 1: ;

valves also results in containment loads. Pressure waves are generated within the

.
suppression pool when the relief valves discharge air and steam into the pool &

,

' water.
u

The primary containment system is divided into two major subvolumes: a drywell ,

+

1

system and the pressure suppression chamber. The drywell and the suppression~

chamber are connected by an array of vertical vents. ,a

w

.(

The drywell is a steel-lined prestressed concrete vessel in the shape of a trun-
9

'

cated cone, closed by a steel dome. The drywell houses the reactor vessel, the#

reactor coolant recirculation loops an,1 other branch connections of the reactor s" i
primary system. The net free volume of the drywell is 180,000 cubic feet and the

idesign pressure is 45 pounds per square inch gauge. ,:
1 ,
i

The pressure suppression chamber is a cylindrical steel-lined prestressed concrete
'

vessel located below the drywell. The suppression chamber consists of an air .s
<

. region and a water region (suppression pool) with net volumes of 95,350 cubic feet I

and 102,120 cubic feet, respectively; and the design pressure is 45 pounds per ['
square inch gauge. The suppression pool serves as a heat sink for postulated*

,

transients and accidents and as the source of cooling water for the emergency core
cooling systems. In the case of transients that result in a loss of the main heat
sink, energy would be transferred to the pool by the discharge piping from the .

reactor pressure safety / relief valves. In the event of a loss-of-coolant accident .~~ ,

,

within the drywell, the vent system would provide the energy transfer path. ,

+

The vent system consists of 88 straight down pipes (downcomers) each 24.0 inches ,

inside diameter. These pipes extend from the drywell floor to the suppression
" ' pool and are submerged a minimum of ten feet in the pool water. The purpose of

,

the downcomers is to channel the energy and mass released in the form of
uncondensed steam from the primary system into the suppression pool where the

w -

steam is condensed.

- ,j
To satisfy the design basis as a low leakage barrier, the primary containment

i

system is designed for a leakage rate of 0.5 percent of the containment volume per
day at a maximum calculated accident pressure of 40.4 pounds per square inch

'

gauge. This leakage rate is within the leakage rate assumed for the accident
analysis discussed in subsection 15.3.2 of this report.

.

.

An additional structure called the reactor building surrounds the primary contain- , j
,,

Its purpose is to provide a secondary containment volume in which fission
, I ment.

product leakage from the primary containment following a postulated loss-of-coolant
accident can be diluted and held up prior to release to the environment. Our
evaluation of the reactor building design is included in subsection " Secondary
Containment," which follows. (*
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Figure 6-2 illustrates the drywell and suppression chamber pressure response as a
function of time following a recirculation line break, which has been identified
as the design basis loss-of-coolant accident. The pressure response will be
discussed as short-term and long-term transients. These transients are presented
separately in following subsections of this report.

Figure 6-3 illustrates the drywell and suppression chamber pressure response as a
function of time following a steam line break, which is the break yielding the
limiting differential pressure across the drywell floor.

The drywell floor serves as the barrier separating the drywell from the suppres-
sion chamber. It is a conventional reinforced concrete structure and is supported
on a cylindrical base at its center, on a series of concrete columns and from the
containment wall and at the periphery of the slab. The drywell floor is rigidly
connected to the primary containment wall. Thermal expansion of the floor is
accounted for in the containment design. Our evaluation of the floor design is
included in subsections "Short Term Pressure Response," and "Drywell Floor Reverse
Pressure," which follow,

s

The drywell is divided into subcompartments by internal structT es. Our evalua-
tion of the subcce.partment designs is discussed in subsection, "Subcompartment
Pressure Analysis," which follows.

Review of Bolling Water Reactor Containment Technology

Pressure suppression designs of containments in the United States that are
different from the Mark II containment and used in conjunction with boiling water
reactor systems are the Humboldt Bay, the Mark I or "lightbulb-torus," and the
Mark III. A comparison of design parameters for the Mark I, II, and III contain-
ment types is provided in Table 6-1.

.

The earliest widespread use of boiling water pressure suppression containment
design is the Mark I. In the Mark I design, Figure 6-4, the drywell consists of
an inverted lightbulb-shaped vessel, and the suppression chamber is a torus shaped
steel vessel located below and encircling the drywell. The vent systems consist
of ducts, vent header, and downcomers. The typical design pressure for both
drywell and pressure suppression chamber is 56 pounds per square inch gauge,
except for Dyster Creek and Nine Mile Point 1 where the pressure suppression
chamber design pressure is 35 pounds per square inch gauge.

The Mark III design, Figure 6-4, ;s the latest boiling water reactor pressure
suppression containment design. In this design, the containment (pressure sup-
pression chamber) completely surrounds the drywell. The suppression pool is a 360
degree annular pool located in the bottom of the containment and retained between
the containment wall and the drywell weir wall. Located in the vertical section
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TABLE 6-1

COMPARISCN OF BWR CONTAINMENT DESIGNS

ORYWELL MARK I HARK II MARK !!!

(HATCH 2) (ZIMMER) (CESSAR 238)

type of construction steel shell steel-lined prestressed rei.rorced concrete
air volume (cubic feat) 146,266 180,000 274,500
design pressure (pounds per

square inch gauge) 56 45 30

leak rate (percent per day) 1.2 0.5 NA

m
da WETWELL

type of construction steel shell steel-lined prestressed concrete steel shell (containment)
6air volume (cubic feet) 109,714 95,350 1.168 x 10

pool volume (cubic feet) 90,550 102,120 163,700
design pressure (pounds per

square inch gauge) 56 45 15

leak rate (percent per day) 1.2 0.5 0.3
thermal power (megawatts thermal) 2537 2550 3758

loss-of coolant accident break
area (square feet) 4.378 2.238 3.94

vent area (square feet) 216 276 480
break area / vent area .0202 .0081 .008
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The wetwell and drywell of the Mark I and II designs are connected by a vent
system which enters the suppression pool vertically at a constant submergence.
The Mark III design uses a horizontal vent system at variable submergence. In
both the Mark I and II containments, the peak drywell pressure occurs in the range
of approximately ten to fif ty seconds following the accident af ter the vent clear-
ing process and during the vent flow part of the transient. Wetwell peak pressures
occur in about the same time frame for the Mark I and II designs, due primarily to
the compression of drywell air which is carried over to the wetwell.

The peak drywell pressure in the Mark III design occurs at about one second during
the vent clearing process. The peak wetwell pressure for a Mark III design occurs
in the long term. The peak pressure is primarily a function of the capacity of
the containment heat removal system. It is not determined by the compression of
drywell air carried over to the wetwell as in the case of the Mark I and II designs.
This is due to the large volume of the wetwell in the Mark III design. The wetwell
free volume for a Mark III design is about five times the drywell volume.

Mark Il containments also experience a short-term drywell floor pressure dif feren-
tial which can occur either at the time of vent clearing or later during the vent
flow transient. Generally, those Mark 11 plants with a relatively small break-area-
to-vent-area ratio have vent clearing controlled peak floor differential pressures.
The Zimmer containment falls in this category. In the long term, both the drywell
and wetwell reach a secondary peak pressure due to continued decay heat generation;
however, this transient is less severe than the short term and is therefore not
controlling for establishing design pressures.

The analytical models, assumptions, and methods used by General Electric Company
to evaluate the containment response during the reactor blowdown phase of a lose-of-
coolant accident are described in NED0-10320, "The General Electric Pressure

Suppression Containment Analytical Model."

Short-Term Pressure Response

The limiting drywell, suppression chamber and drywell floor pretsures occur during
the blowdowr, phase of a loss-of-coolant accident transient. The duration of the
blowdown period is about 45 seconds following a postulated break in the recircula-
tion line. In the long-term, about three hours after a loss-of-coolant accident,
both the drywell and wetwell reach a secondary peak pressure due to continued
decay heat generation; however, this transient is less severe than the short-term
and is therefore not controlling for establishing design pressures.

The applicant performed analyses of varied postulated primary system breaks including
recirculation line, main steam line and a spectrum of liquid line and steam line
breaks. Results of the analysis indicates that the recirculation line
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break yields the limiting drywell and suppression chamber pressure. The applicant,
therafore, concludes that the recirculation line break is the design basis accident
for the drywell and suppression chamber. We performed similar confirming analyses
and agree with the applicant's con <.lusion.

Following the postulated double ended rupture of a 20-inch recirculation pump
suction line break, the mass and energy released from the primary system pressur-
izes the drywell. As the drywell pressure increases, water initially in the
downcomers is accelerated downward. This downward motion continues until the
entire water column is expelled. At this point, the air-steam water mixture
begins to flow into the suppression pool. The steam is condensed in the pool and
air is released into the suppression chamber air region.

The above process is called the vent clearing transient, which occurs less than
one second following the postulated accident. As shown in Figure 6-2 the maximum
pressure differential between the drywell and pressure suppression chamber occurs
at the time of vent clearing.

The drywell pressure continually increases ntil it reaches the calculated peak
pressure of 40.4 pounds per square inch gauge at 42 seconds after the accident.
The drywell pressure then decreases slightly as the rate of energy dumped to the
suppression pool via downcomers exceeds the rate of energy released into the
drywell from the primary system.

Following vent clearing the pressure in the pressure suppression chamber increases
at about the same rate as the drywell pressure due to the transfer of steam and
noncondensibles from the drywell. The suppression chamber reaches a calculated
peak pressure of 36 pounds per square inch gauge at 42 seconds af ter the accident.

At about 110 seconds the emergency core cooling system injection water floods the
reactor vessel to the level of the break and the emergency core cooling system
flow cascades into the drywell. This results in condensation of the steam in the
drywell and a rapid reduction in the drywell pressure. As soon as the drywell
pressure drops below the suppression chamber pressure, the drywell vacuum breakers
will open and noncondensible gases from the suppression pool air volume will flow
back into the drywell.

The limiting break for the drywell floor is the postulated double-ended, rupture
of a main steam line. The applicant assumed a blowdown profile which is separated
into an initial one-second period of steam only blowdown followed by two phase
liquid water and steam blowdown due to liquid swell in the reactor vessel.

The time at which the liquid level in the reactor vessel swells to the evaluation
of the steam line nozzles following the break, determines the time at which the
model changes from steam to two phase blowdown assumptions. The peak drywell
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floor differential pressure can be sensitive to the level rise time since two phase
blowdown yields a greater rate of steam addition to the drywell than a steam only
blowdown and also introduces liquid water into the vent flow.

The applicant's calculated peak pressures for the design basis accident are 40.4
and 36 pounds per square inch gauge for the drywell and suppression chamber
respectively. The design pressure of the drywell and suppression chamber is 45
pounds per square inch gauge, which provides a 10 percent design margin for the
drywell and 20 percent for the suppression chamber. The applicant calculated a
peak pressure differential across the drywell floor of 17.4 pounds per square inch
at 0.75 seconds, the time of vent clearing. The design pressure is 25 pounds per
square inch. The resulting margin for the drywell floor is more than 30 percent.
We performed an analysis of the containment pressure response using the CONTEMPT-LT

computer code. Our calculations of the peak pressures confirm those calculated by
the applicant. Based on the design margin and our own independent verification of
the applicant's assumptions and the analytical results, we conclude that the design
pressures for the drywell, suppression chamber and the drywell floor are acceptable.

Long-Term Pressure Response

Following the short-term blowdown phase of the accident, the suppression pool
temperature and suppression chamber pressure will continuously increase due to the
input of decay heat and sensible heat into the suppression chamber. Referring to
Figure 6-3 between about ten and 100 seconds after the accident, the drywell
pressure has stabilized to approximately five pounds per square inch above the
suopression chamber pressure. This differential pressure corresponds to the
submergence of the downcomers. At a later time, the drywell and suppression
chamber pressures will equalize due to the return of air from the suppression
chamber.

During this time period, the emargency core coolig system pumps, taking suction
from the suppression pool, have reflooded the reactor pressure vessel. Sub-
sequently, emergency core cooling system water will flow out of the break and flow
into the drywell. This relatively cold emergency core cooling system water will
condense the steam in the drywell and bring the drywell pressure down rapidly as
show in Figure 6-3 at about 110 seconds after the accident. At ten minutes fol-
lowing the accident, the containment cooling mode for the residual heat removal
system is activated and suppression pool water is circulated through the residual
heat removal system heat exchangers, establishing an energy transfer path to the
service water system and ultimate heat sink.

In the long-term analysis, the applicant accounted for potential nost-accident
energy sources. These include decay heat, sensible heat and metal-water reaction
energy. The applicant's long-term model also assumes that the suppression chamber
atmosphere is saturated and equal to the suppression pool temperatures at any
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time. Therefore, the suppression chamber pressure is equal to the sum of the
partial pressure of air and +he saturation pressure of water corresponding to the
pool temperature.

Based on the above assumption, the applicant calculated a peak suppression pool
temperature of 206 degrees Fahrenheit for the most limiting residual heat removal
system cooling mode; i.e., only one residual heat removal system c)oling loop with
one residual heat removal system pump available. The calculated long term, secondary
peak suppression chamber pressure is about 23 pounds per square inch gauge. The
suppression chamber is designed for 45 pounds per square inch gauge and 275 degrees
Fahrenheit. On the basis of our review of the applicant's analysis, we conclude
that the suppression chamber design pressure and temperature are acceptable.

Drywell External Pressure and Floor Reverse Pressure

Events which may result in drywell external pressure and drywell floor reverse
pressures are:

(1) The containment spray is initiated following a loss-of-coolant accident.

(2) The containment spray is initiated following a small steam line break.

The most severe case for containment external pressure is case (1). Conservative
calculations made by the applicant yield a maximum external pressure differential
of -1.4 pounds per square inch. The containment external design differential
pressure is -2 pounds per square incn.

We also investigated the potential for inadvertent operator actuation of the
containment sprays during conditions of high containment temperature and humidity.
The applicant provided information to show that this is an extremely unlikely
event based on the hardware provided in the residual heat removal system and the
manner in which it is operated.

This conclusion is based on the following:

(1) No operating procedures exist which specify drywell spray initiation.

(2) The drywell spray is isolated by two normally closed valves in series.
Interlocks prevent opening both valves unless a high drywell pressure exists.

(3) The drywell spray valves are operated by key-operated switches in the main
control room. These keys are controlled for distribution.
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(4) The drywell spray mode is part of the residual heat removal system which is
normally not operating.

Inadvertent initiation of the drywell sprays under normal operating conditions can
only occur by assuming multiple failures or errors. It is therefore precluded.

"

We find the containment external design pressure acceptable based on:

(1) The unlikely potential for inadvertent initiation of drywell sprays under
normal operating conditions; and

(2) A maximum calculated external pressure of -1.4 pounds per square inch
differential.

!For the drywell floor upward pressure, the applicant analyzed the cases described
above. The applicant assumed that three out of a total of four sets of drywell
floor vacuum breakers were functioning. The vacuum breakers are provided to limit
the drywell vacuum conditions. Each set of vacuum breakers consists of two valves .

in series to reduce potential bypass leakage. For the limiting case of the
conditions discussed above the applicant calculates a peak reverse pressure

9differential of 2.74 pounds per square inch. The design reverse pressure
differential of the drywell floor is nine pounds per sauare inch. Our analysis
using the CONTEMPT LT computer code as identified in Standard Review Plan 6.2.1.lc,
" Pressure Suppression Type BWR Containments," confirms the applicant's results and
we conclude that the floor design pressure is acceptable.

;

,

Subcompartment Pressure Analysis

Within the primary containment, internal structures form subcompartments or re-
stricted volumes which are subject to differential pressures following postulated j

pipe ruptures. In the drywell there are two restricted volumes, the annulus
formed by the reactor vessel and the sacrificial shield, and the drywell head
region which is a cavity between the drywell head and the refueling seal. Since
the suppression chamber is virtually an open space, no restricted volume exists.

The applicant performed a pressure response analysis for the drywell head region
postulating a break in the residual heat removal system head spray line.

Based on the frictionless Moody blowdown flow at a reactor pressure of 1025 pounds

per square inch gauge, the applicant calculated the pressure differential using
^~

the computer code WARLOC. The maximum calculated pressure difference is 3.2

pounds per square inch. This represents only a fraction of the design pressure
(18 pounds per square inch) of the bulkhead plate. Our analysis confir;.s the
applicant's result and we conclude that the design pressure for the head region is

"

acceptable. <

n
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The applicant submitted the results of calculations of pressure differentials
across the annulus formed by the sacrificial shield wall and the reactor pressure
vessel.

Two situations were considered in the analysis of the annulus for a postulated
line break. These are: (1) design pressure for the shield wall, and (2) forces
on the reacter pressure vessel affecting the design of the support skirt.

Separate analyses were conducted by the applicant for two different breaks to
determine the limiting case. The postulated breaks analyzed are the recirculation
suction line and the feedwater line. For each of these cases a separate
nodalization scheme was employed to maximize the loads obtained locally in the
area of the break. In addition nodalization sensitivity studies were performed
by the applicant to arrive at an acceptable nodalization scheme.

The applicant calculated a peak differential pressure within the sacrificial
shield annulus of 113 pounds per square inch for the recirculation suction line
break. The RELAP-4 computer code was used to perform the analyses. The actual
pressure transients calculated by the applicant were utilized in dynamic structural
analyses to determine the sacrificial wall design. We performed confirmatory
analyses using the COMPARE computer code and the applicant's mass and energy
release data. The computer codes cited above are referenced in the Standard
Review Pian 6.2.1.2, "Subcompartments Analysis," as acceptable codes. Our
calculations confirm the conservatism of the applicant's calculations. Based on
our review of the applicant's analysis and our confirmatory calculations, we find
the design of the shield wall acceptable.

The applicant provided us with additional information in Amendment 76 to the Final
Safety Analysis Report to allow completion of our review of the forces on the
reactor pressure vessel affecting the design of the support skirt. We find the
applicant's methods of analysis acceptable.

Steam Bypass of the Suppression Pool

During a postulated primary system line break inside the drywell, possible bypass
leakage paths between the drywell and suppression chamber air space could result
in high containment pressures. The control of such bypass paths is important to
ensure that the design pressure of the containment is not exceeded. There are
several potential sources of steam bypass of the suppression pool associated with
the Mark II containment used in the Zimmer Nuclear Power Station.

Since the drywell floor is of reinforced concrete construction, the potential
exists for cracking of the floor under accident loading conditicns. This can
allow direct leakage of blowdown steam to the wetwell volume. In addition, the
potential exists for direct leakage through the drywell floor vacuum breakers or
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around penetrations in the drywell floor. The containment hydrogen recomoiner
also introduces a potential path for steam bypass.

The applicant provided information regarding the operation of the recombiner to
show that steam bypass through the recorabiner is an extremely unlikely event based
on the hardware provided and the manner in which the recombiner is operated. This
conclusion is based on the following:

(1) The startup procedures consist of six individual sequential steps. A two-mode
or greater failure must be postulated in this procedure to establish ga!,
bypass.

(2) The recombiner system is provided with a condenser that is designed to condense
water vapor from tne recombiner inlet gas. The recombiner system includes a
low-flow alarm on the condenser cooling water.

On the basis of our review of this information, we find that the applicant's basis
for neglecting any steam bypass through the recombiner is acceptable.

The applicant analyzed the containment to determine the capability for pool bypass
leakage, for a spectrum of break sizes. The limiting case for bypass capability
corresponds to a small break. The applicant calculated an allowable bypass area
for Zimmer of A/8 = 0.04 sqme feet for a postulated small break. The allowable
bypass area is considered to be that leakage area between the drywell and suppres-
sion chamber which could result in suppression chamber pressurization to design

pressure following a small break.

The analysis consists of a transient analysis that takes credit for passive heat
sinks in the wetwell chamber, actuation of the wetwell sprays following a ten
minute delay to satisfy the system's emergency core cooling function, and a six
hour plant shutdown time.

Based on the results of our study on Mark Il steam bypass capability, we conclude
that the Zimmer plant should meet the following design criteria.

(1) The containment should have a minimum steam bypass capability for small
breaks of the order of 0.05 square feet ( A/8). (.04 square feet has been
accepted by us based on the capability to control the overpressure of the
containment to within design limits from this steam bypass, using wetwell
sprays actuated in sufficient time (sl5 minutes) following a postulated
small break loss-of coolant accident.)

(2) The wetwell spray should be automatically actuated ten minutes following a
loss of-coolant accident.
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(3) A single preoperational high pressure leakage test should be performed prior
to operation and post operational low pressure leakage tests should be per-
formed at each refueling outage.

(4) The acceptance criterion for the leakage tests is measured leakage less than
tenpercentofthatcorrespondingtoA/d=.04squarefeetsteambypass
capability.

(5) Redundar.t position indicators should be placed on all vacuum breakers with
indication and redundant alarms in the control room.

(6) Vacuum breakers should be operability tested at monthly intervals.

As a part of the pool bypass position, we requested that the applicant provide
information to establish the availability of the wetwell spray system 10 minutes
following a loss-of-coolant accident. The consequences of actuation of the wetwell
spray system on the emergency core cooling system function also were to be evaluated.
The applicant has not provided us with all of the information required. We will
report the resolution of this matter in a supplement to this report (see subsection
6.3.4 of tHs report).

The applicant committed to abide by all of our requirements and we find the pool
bypass capability of the containment acceptable.

Pool Dynamics

Mark II Pool Dynamics History

In the course of the General Electric Company testing program for the Mark II
pressure suppression containment program, new containment loads associated with a
postulated loss-of-coolant accident were identified which were not explicitly
included in the original design of Mark II containment. These loads result from
the dynamic effects of drywell air and steam being rapidly forced into the
suppression pool during a postulated loss-of-coolant accident event. Other
previously unaccounted for pool dynamic loads result from the actuation of safety
relief valves in the Mark II containment.

In view of the potential significance of these loads, it was determined that a
reassessment of the Mark II containment system design would be required. A letter
was sent by us to each domestic Mark II owner on April 11, 1975 notifying them of
the need for this reassessment.

As a result of our letter, an "ad hoc" Mark II Owners Group was formed which is an
organization of all domestic utilities owning Mark II facilities. They have
engaged General Electric Company as their program manager for resolution of the
Mark II containment pool dynamic concerns. A program was developed to establish
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generic pool dynamic loads, load combinations and design criteria. The program
consists of a number of experimental and analytical tasks. These tasks form the
tasis for establishing the generic Mark 11 pool dynamic loads.

Description of Phenomena

loss-of-Coolant Accident Pool Dynamics: Figure 6-5 shows the sequence of events
following a postulated loss-of-coolant accident and the potential loading conditions
associated with those events. Following a postulated loss-of-coolant accident the
drywell pressure increases due to blowdown of the reactor system. Pressurization
of the drywell causes the water initially in the vent system to be accelerated out
through the vents. During this water expulsion process the resulting water jets
cause impingement loads on local containment structures.

Following vent clearing, an air / steam bubble forms at the vent exit which causes a j
hydrostatic pressure increase in the pool water resulting in a loading condition ;

on the pool boundaries. The steam condenses in the pool. However, the continued
I

addition and expansion of the drywell air causes the pool volume to swell, result-
.

'

ing in a rise of the pool surface. Upward motior, of this slug of water creates a
drag load on structures submerged in the pool and impact loads on unsubmerged
structures located just above the initial pool surface.

After the pool has risen approximately 1.5 times the initial submergence of the
main' vents, the rising slug of water breaks apart. Subsequent pcol swell involves
a two-phase air water f roth which produces further structural-impingement loads.
A gravity induced fallback of the pool returns the pool surface to the post loss-of- i

coolant accident elevation.
:

At about the time of slug breakup, the drywell floor can be subjected to an upward
load due to an imbalance in pressure between the compressed air in the wetwell
free air space and the air purged drywell volume.

Following the pool swell transient, there will be a period of high steam flow
through the main vent system. At these high steam flow conditions, the water /
steam condensation interface oscillates cue to bubble growth and collapse. These
condensation oscillations result in an oscillatory load on the pool boundary. At
low vent flow rates, the water / steam condensation interface can oscillate back and
forth in the vents causing " chugging" The chugging ac. ion results in loads on

both the downcomer vents and the containment boundaries..

Relief Valve Dynamics: Actuation of safety / relief valves produces transient
loadings on components and structures in the suppression chamber region- Prior to
actuation, the discharge piping of an safety / relief valves line contains atmo-
spheric air and a column of water corresponding to the line submergence. Fol-
lowing safety / relief valves actuation, pressure builds up inside the piping as
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steam compresses the air in the line. The resulting high pressure air bubble that
enters the pool oscillates in the pool as its goes through cycles of overexpansion
and recompression. The bubble oscillations resulting from safety / relief valves
actuation and discharge cause oscillating pressures throughout the pool, resulting
in dynamic loads on pool boundaries and submerged structures.

Severe steam condensation vibration phenomena can occur when high pressure, high

temperature steam is continuously discharged at high-mass velocity into the pool,
if the pool is at elevated temperatures. These steam quenching vibrations also
result in loads on pool boundaries and submerged structures.

The characteristics of the safety / relief valves load varies depending on the
discharge device (ramshead or quent.her) located at the exit of the safety / relief
valves line. The applicant initially was using a ramshead device for the Zimmer
Nuclear Power Station but made the decision to change to a quencher device in
order to help mitigate pool temperature effects and dynamic forces.

Mark II Owners Group - Generic Program

The Mark II Owners Group developed a generic program to establish pool dynamic
loads, load combinations and design criteria. The program includes a number of
analytical and experimental programs to provide the data base to support the
proposed loads and load prediction models. Based on the results of some of the
early tasks in the program, the Mark II Dynamic Forcing Function Information
Report was pre,)ared and submitted to us in November 1975. This report specifies
the generic Mark II pool dynamic loads, load combinations and design criteria to
be utilized by each domestic power plant with a Mark II containment.

The Mark !! Cwners Group program consists of a "short-term program" or lead plant
effort and a "long-term program." The purpose of the short-term program is to
demonstrate that a sufficient technical understanding of the pool dynamics phenom-
ena and principles of interest exists to allow the utilization of the loads and
methods prescribed in the Dynamic Forcing Function Information Report for the
licensing of the lead Mark 11 plants. As a result, in some cases, a bounding
interpretation of test data was utilized to assure conservatism in the Dynamic
Forcing function Information Report loads. The primary purpose of the long-term
program is to confirm the loads utilized in the short-term program. In addition,
the long-term program tests and analyses may be used to justify the application of
less conservative loads in the future. A description of the loss-of-coolant
accident and safety / relieve valve-related tasks and documentation comprising the
Mark II Owners Groups program is provided in NEDO 21297, " Mark II Containment
Supporting Program Report."

Data from a number of experimental programs have been used in conjunction with
analytical models to support the short-term program loads specified in the Dynamic
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Forcing Function Information Report. The major Mark II-related experimental
programs include the temporary tall test tank full scale, Electric Power Research
Institute 1/13 scale, pressure suppression test facility 1/3 scale, and the
Monticello in plant tests.

The temporary tall test tank facility consists of a single cell representative of
a typical Mark 11 containment. The test facility utilized a single full-size
vertical downcomer in a tank. A total of 46 steam blowdown tests were conducted
by the General Electric Company in this full scale facility during a test program
consisting of three phases. These tests provided the primary data source for the
Dynamic Forcing Function Information Report loss-of-coolant accident pool dynamic
loads including those related to pool swell, wetwell pressurization, vent flow,
pool thermal response, condensation and chugging. The test matrix included a
range of vent submergence, break size, vent size, blowdown fluid, vent bracing and
initial conditions to reflect Mark Il plant-to plant differences.

Test results from the General Electric Company pressure suppression test facility
w pplied the data base for pool impact loads on representative small containment
structures including pipes, I-beams, and grating. Impact pool velocity correla-
tions were developed from these data which are used in combination with calculated
pool swell velocities and temporary tall test tank data to establish the Mark II

impact loads. The pressure suppression test facility used for these tests repre-
sents a segment of a Mark III containment with a one-third scale vent test section
(vent area scaled) with a one-third scale suppression pool (pool area scaled).
The impact load data were cbtained from the pressure suppression test facility
test series 5805.

The Electric Power Research Institute Mark 11 facility ansists of a 1/13 scale
model .f a typical Mark 11 containment system. The facility containing 21 vents
represents a 90 degree sector of the suppression chamber including the pedestal
region. The test consisted of air charged tests in contrast to the temporary tall
test tank steam blowdown tests. About 90 tests were performed by Stanford Research
Institute for the Electric Power Research Institute to provide data related to
Mark II pool swell phenomena. Specifically, data from these tests were used to
verify the adequacy of the temporary tall test tank unit cell approach to study
pool swell phenomena, validate the temporary tall test tank rir/ steam tests, and
validate the Dynamic Forcing Function Information Report pool swell analytical
model.

The Monticello plant of Northern States Power Company was made available for

in plant safety / relief valve tests. The containment for this plant is a Mark I or
lightbulb torus containeant. The steel torus comprising the suppression chamber
was provided with instrumentation to permit determination of safety / relief valve
loads. The primary objective of this test program, as it relates to the Mark II
pool dynamic progr.am, was to measure pressures and temperatures in the torus and
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; safety / relief valve piping associated with relief valve actuations. The data base ,

established by these tests is to be used for verifying and improving analytical

,

models that are used to predict the loads produced by safety / relief valve discharges
through a ramshead device. A total of 37 tests involving single, multivalve and 7

consecutive valve actuation were conducted at a pool temperature range of 75 degrees*

Fahrenheit to 95 degrees Fahrenheit,

s In addition to the above test programs, the Mark II Owners Group has provided
information relating to tests conducted outside the scope of the Mark Il program *

to support some of the loads specified in the Dynamic Forcing Function Report.*

This includes data for steam blowdown tests from the Marviken test facility and
data resulting from tests in General Electric Company foreign licensee single and
multivent, large scale facilities. Data from these tests were used in the Mark II
program to support the conservatism of single vent tests for vent lateral loads
and pool boundary chugging loads.>

.

,

All of the above programs associated with the short-term program have been completed.
,

In addition, the interpretation of test results, verification of analytical models s

' and test documentation is also complete for those tests associated with the Mark 11

short-term program.
-

Several of the lead Mark Il plants (Zimmer and Shoreham) have advised us that they. g

will utilize a T-Quencher device designed by the Kraf twerk Union of Germany.
'

Documentation of the design and supporting test data is expected to be filed with
^

us in early 1979. In addition the applicant committed to perform in plant tests
to measure safety / relief valve loads that are scheduled for completion prior to
operation of the Zimmer plant.

-

. '

&

y' Additional confirmatory tests end analytical programs will be conducted as a part
'

,

!of the Mark II Owners Group long-term program, as discussed in NEDO-21297. Several Nx

of the more important long-term program test programs are the safety / relief valve ]"# s

quencher in plant CA0RSO tests and multivent subscale tests. The CAORSO tests* *

will be conducted in the CAORSO plant, a boiling water reactor plant in Italy.
These tests were originally included as part of the long-term program since this - 4

information was not needed for the lead Mark Il plants using ramshead deviccs. -

~ The data from the CAOR50 tests will provide the data base for the verification of
^

safety / relief valve loads associated with a four arm quencher device.
?

@~ The multivent sucscale tests will consist of multivent steam tests conducted at
-

several scales and with several different vent configurations to provide confirma- .

- tory data related to multivent chugging effects. In addition, the results of ,

these tests may be used to establish the margin inherent in the use of the '

temporary tall test tank single vent steam chugging loads. :"

.em

P
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The Mark !! Inng-term program experimental and analytical programs will be
conducted o.wr a period of approximately two years. DocumenS tion for the last
task is scheduled for the last quarter of 1979.

Zimmer Design Assessment Report

The applicant submitted a Design Assessment Report of the pool dynamic loads for
the Zimmer Mark II containment. This report provides a description of the specific
application of the generic Mark 11 pool dynamic loads and methods for the Zimmer
plant. The plant uriique loads were used in assessing the capability of the Zimer
containment and components to pool dynamic phenomena.

We are conducting an evaluation of the Zimmer design assessment report in parallel
with our review of the generic Mark II owner's pool dynamic load program. We
requested additional information dealing with this report. As a result of our
requests the applicant provided a structural capability study and a closure report.
The structural study investigated the capability of the Zimmer containment structure
to accommodate safety / relief valve and chugging loads higher than those specified
in the Dynamic Forcing Function Information Report. We are currently reviewing
this information and the applicant's response to our other Zimmer Design Assess-
ment Report requests.

The closure report was recently submitted by the app- to reflect changes in
pool dynamic loads specifications that have arisen s' m the Design Assessment
Report was issued. We are currently raviewing the cle .e report. We will review

this information and report our evaluation in a supplement to this report.

Status of Our Eva'uation

We have been actively reviewing the generic Mark Il pool dynamic load program
since November 1975, when it received some of the initial documentation for tests
and analyses associated with the short-term program. This information provided an
early indication of the magnitude of the Mark II pool dynamic loads.

In the course of our review of this early documentation, we issued several rounds
of requests for information which resulted in an expansion of the generic Mark II
Owners program. Ac rent list of the program tasks included in the Mark II
Owners short-term program and long-term program is provided in NEDO-21297. Several
tasks that were added to the program as a result of concerns raised by us are the
Electric Power Research Institute 1/13 scale tests (A.4), multivent subscale
testing and analysis (A.11) and justification of temporary tall test tank bounding
loads. These tests will provide data to establish: three-dimensional pool swell
effects, pool swell phenomena associated with air vert flow and multiNent steam
condensation and chugging loads.
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In addition, information should be provided to justify the bulk pool temperature
limit specified for safety / relief valve operation. As previously discussed severe
vibrations may occur if the suppression pool is operating at an elevated temperature.
To avoid this steam ouenching vibration, a pool temperature limit is specified for
safety relief valves operating in response to a normal plant transient. We requested
that the applicant provide us with additional information to justify a temperature
limit and to analyze the suppression pool temperature response to normal plant
transients. We will report the resolution of this issue in a supplement to this
report.

We are currently conducting our review of the Mark Il pool dynamic loads under two
of our generic technical activities (Task A-8, " Mark 11 Containment Pool Dynamic
Loads"; and Task A-39, " Determination of Safety Relief Valves (SRV) Pool Dynamic
Loads and Temperature Limits for BWR Contalments"). These two activities are (1)
resolution of the Mark Il containment pool dynamic loads (i.e., loss-of-coolant
accident-induced), and (2) resolution of the safety / relief valve pool dynamic
loads and temperature limits for boiling water reactor containment. Our review
schedule for the Mark 11 short-term program called for development of our
acceptance criteria in September 1978 and a short-term safety evaluation report in
October 1978. Both of these tasks have been completed and the acceptance criteria

was sent to the leart plant Mark II owners (including Zimmer) by letter dated
September 14, 1978. The applicant has committed to accept most of our acceptance
criteria with a lit u d number of exceptions. The seven p eric exceptions taken
by the lead plant applicants are described in a November 24, 1978 letter " Mark 11
Generic Acceptance Criteria for Lead Plants," from Roger S. Boyd to each of the
Mark II lead plant applicants. We will report our evaluation of alternate
criteria proposed by the lead plant owners in a supplement to this report.

We believe that the short-term test with the additional task described above is
adequate to establish the pool dynamics loads for the lead Mark 11 plants. We
anticipate completion of our review of the Zimmer pool dynamic loads, as described
in the Design Assessment Report and the closure report, following completion of
our review of the generic short-term program Mark Il pool dynamic program. We
will provide our Zimmer evaluation for pool dynamic loads based on the above
acceptance criteria in a supplement to this report.

The long-term program serves as a confirmatory program for the loads utilized in
the lead Mark II plants. This program is scheduled for completion the last
quarter of 1979. Our review of this program is scheduled for completion in
mid-1980.

Secondary Containment

The secondary containment system includes the structures and systems to be used to
(.ontrol and treat radioactive leakage from the primary containment in the event of
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a loss-of-coolant accident. For the Zimmer plant the secondary containment
structures consist of the reactor building, a small reactor building recirculation
fan room, the equipment access structure and a portion of the main steam tunnel.

The reactor building is a structure surrounding the primary containment with 1
6free volume of 2.65 x 10 cubic feet. The reactor building ventilation system

controls the pressure in the secondary containment during normal operation to
-0.25 inches of water gauge. Following a postulated loss-of-coolant accident, the
standby gas treatment system will maintain the secondary containment pressure at
-0.25 inches of water gauge.

The standby gas treatment system is designed to seismic Category I criteria and is
iocated within seismic Category I structures. The standby gas treatment system
consists of redundant exhaust fans and filtration trains each consisting of a
demister, heating coll, pre-filter, high-efficiency particulate air filters and

carbon adsorbers.

Following a postulated loss-of-coolant accident, the pressure in the secondary
containment could increase due to inleakage, air expansion due to equipment heat
and the starting time required for the standby gas treatment system. The appil-
cant performed an analysis of the secondary containment pressure transient which
considers the above phenomena. The results of these analyses shot that approxi-
mately three minutes after the loss-of-coolant accident, the secondary containment
pressure is reduced back to -0.25 inches of water gauge. Du*ing the transient the
calculated pressure does not rise above -0.16 inches of water gauge. Operation of
only one of the two redundant standby gas treatment system trains was assumed for
the analysis. In calculating the offsite radiological consequences of this pres-
sure transient the applicant assumed that bypass of the secondary containment
occurs for five minutes after a loss-of-coolant accident. The applicant did

calculations to determine the time needed to achieve a -0.25 inch of water gauge
in the secondary building using the standby gas treatment system. These calcu-
lations indicate a draw down time of less than five minutes. We conclude from our
review that the analysis is reasonable and acceptable.

To confirm this analysis, the applicant committed to leakage testing of the
secondary containment volumes to verify the inleakage assumption (reactor building
inleakage of 1400 cubic feet per minute at -0.25 inches of witer gauge) and the
five minute drawdown time to reestablish a -0.25 inches of water gauge pressure.

Although the primary containment is enclosed by the secondary containment, there
are systems which penetrate both the primary and secondary containment boundaries
creating potential paths through which radioactivity in the primary containment
could bypass the leakage collection and filtration systems associated with the
secondary containment. A number of these lines contain physical barriers or
design provisions which can effectively eliminate leakage such as water seals,
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closed seismic Category I piping systems, or vent return lines to controlled
regions. The criteria by which potential bypass leakage paths are deternined has
been set forth in Branch Technical Position, Containment Systems Branch 6-3,

" Determination of Bypass Leakage Paths in Dual Containment Plants."

We reviewed the design of the secordary containment systems for the Zimer Nuclear
Power Station. Our review included the applicant's design bases, analysis of the
functional capability of the secondary containment system and an evaluation of the
systems against the criteria specified in Containment Systems Branch 6-3. Based

on this review we find the design of the secondary containment systems acceptable.

Summary ..nd Conclusions of Containment Functional Design

The applicant calculated the short and long-term drjwell and suppression chamber
pressures and temperatures and the drywell floor differential pressure as previously
described. Based on our review of the applicant's analytical methods and our con-
firmatory analyses, we conclude that the drywell and suppression chamber design
pressures and temperatures and the drywell floor design pressure are acceptable.
We also conclude that the drywell floor design reverse pressure is acceptable.

We have not completed our evaluation of the tests and analytical programs comprising
the generic Mark Il pool dynamic load program. This program forms the basis for,
the pool dynamic, loss of-coolant accident and safety / relief valve loads utilized
in the Zimmer Design Assessment Report. Nor have we completed our evaluation of
the Zimmer plant unique application of the generic pool dynamic load as described
by the Zimer Design Assessment Report and closure report.

6.2.2 Containment Heat Removal System

The containment residual heat removal system includes the piping, valves and mech-
anical components which will be used to remove energy from the containment to
limit temperature and pressure in the drywell and suppression chamber following a
postulated loss-of-coolant accident.

The residual heat removal system consists of two complete loops including two heat
exchangers and three main system pumps. Each loop is designed such that a failure
in one loop cannot cause a failure of another. In addition each of the loops and
associated equipment is located in a separate protected area of the reactor build-
ing to minimize the potential for single failures including loss of onsite or
offsite power causing the loss of function of the entire system. The system
equipment piping and support structures are designed to seismic Category I criteria.
Provisions have been made in the residual heat removal system to permit inservice
inspection of system components and functional testing of active components.
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Operating in the containment cooling mode, the residual heat removal pumps take
suction from the suppression pool. Flow is then directed through the residual
heat removal heat exchangers to the suppression pool, the reactor vessel, or the
containment spray headers. The location of system and return lines in the
suppression pool facilitates mixing of the return water with the total pool
inventory before the return water becomes available to the suction lines.
Strainers are provided on the suction line inlets. The applicant provided
analyses of the long-term post-accident containment pressure and temperature
response assuming various combinations of containment cooling availability. Our
evaluation of this analysis is discussed in the subsection, "Long-Term Pressure
Respo'ise," above.

The applicant analyzed the net positive suction head that is available at the
residual heat pump inlets assuming the containment will be at atmospheric pressure
and the pool at saturation temperature. In adcition, the applicant designed the
suction piping from the suppression pool so that if any one suction strainer is
50 percent plugged, the maximum required net positive suction head to the residual
heat removal system pumps during containment cooling will be provided. The above
assumptions are in agreement with the provisions of Regulatory Guide 1.1, " Net
Positive Suction Head for Emergency Core Cooling and Containment Heat Removal

System Sumps," and the Standard Review Plan 6.2.2 (Rev. 2), " Containment Heat
Removal Systems" and, therefore, are acceptable.

The potential for debris to clog the residual heat removal system suction lines
was evaluated. Each residual heat removal system pump is provided its own suction
line and strainer assembly. The pipe insulation used in the drywell, metal
reflective insulation, is of a type to minimize the potential for its breaking
away from piping and being carried through the vent system into the suppression
pool. This design minimizes the potential of clogging the suction line. There-
fore, we find the design of the pump suction strainers acceptable.

We conclude that the containment heat removal system can be operated in such a
manner as to provide adequate cooling to the containment folbwing a loss of-coolant
accident and will conform to General Design Criteria 38, 39, and 40 and is
acceptable.

6.2.3 Containment Isolation System

The containment isolation system includes the containment isolation valves and
associated piping and penetrations necessary to isolate the primary containment in
the event of a loss-of-coolant accident. Our review of this system included the
number and location of isolation valves, the valve actuation signals and valve
control features, the positions of the valves under various plant conditions, the
protection afforded isolation valves from missiles and pipe whip, and the environ-
mental design conditions specified in the design of components.
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The design objective of the containment isol9 tion system is to allow the normal or
emergency passage of fluids through the containment boundary while preserving the
integrity of the containment boundary to prevent or limit the escape of fission
products from a postulated loss-of-coolant accident. The applicant specified
design bases and design criteria as well a' u.t isolation valve arrangements to be
used for isolation of primary containment penetrations.

The containment isolation system is designed to automatically isolate the contain-
ment atmosphere from the outside environment under accident conditions. Double
barrier protection, in the form of two isolation valves in series or a closed
system and isolation valves, are provided to assure that no single active failure
will result in the loss of containment integrity. The containment isolation
system components, including valves, controls, piping and penetrations, are pro-
tected from internally or externally generated missiles, water jets and pipe whip
(see subsection 3.6 of this report).

The basis for our acceptance has been the conformance of the containment isolation
provisions to the Commission's regulations as set forth in the General Design
Criteria, and to the guidance provided in the Standard Review Plan noted below.

The containment isolation systems are designed to the American Society of Mechan-
ical Engineers Code, Section III, Class 1 or 2 and are classified as seismic
Category I design systems.

The containment isolation provisions for the lines penetrating containment conform
to the requirements of the General Design Criteria 55, 56 or 57, as appropriate.
As provided by General Design Criteria 55 and 56, there are containment penetra-
tions whose isolation provisions do not have to satisfy the explicit requirements
of the General Design Criteria but can be acceptable on some other defined basis.

Most of those penetrations not satisfying the explicit requirements of the General
Design Criteria were found acceptable based on their meeting the alternative
criteria specified in Section 6.2.4.II of the Standard Review Plan, " Containment
Isolation System" These alternative acceptance criteria are summarized below:

(1) Lines that must remain in service following an accident and lines which
should remain in service during normal operation for safety reasons are
provided with at least one isolation valve. A second isolation boundary is
formed by a closed system outside the containment.

(2) Where a closed system outside the containment forms the second isolation
boundary, each of the systems and all components which form its boundary are
designed to Quality Group B and seismic Category I standards. Valves which
isolate the branch lines of these closed systems outside containment are
normally closed and under strict administrative control.
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(3) Or some engineered safety features or related system remote manual valves are
used in lieu of automatic valves since these lines must remain in service
following an accident. Where remote manual valves are used leakage detection
capabilities are provided.

(4) On some penetrations the containment isolation provisions consist of two
valves in series both of which are outside the containment. The location of
a valve inside containment would subject it to more severe environmental
conditions (including suppression pool dynamic loads) and it would not be
easily accessible for inspection.

Those lines which we found acceptable based on the criteria specified in the
Standard Review Plan include: The reactor core isolation cooling system and
residual heat removal system head spray, residual heat removal system-low pressure
core injection system to reactor pressure vessel, low pressure core spray system
to reactor pressure vessel, high pressure core spray system to reactor pressure
vessel, residual heat removal system-drywell spray, residual heat removal system
pump suction, low pressure spray system suction, high pressure core spray system
suction, residual heat removal system-suppression pool spray, low pressure core
spray system minimum flow line, residual heat removal system minimum flow line,
high pressure core spray system test line, drywell equipment sump drain line,
drywell floor sump drain, standby liquid control system, residual heat removal
system test lina A, drywell purge exhaust, drywell purge inlet, suppression
chamber purge exhaust, combustible gas control system, traversing incore probe
system, instrument air supply, control rod drive system hydraulic, and instrument
lines.

Other lines penetrating the containment described below do not meet either the
explicit requirements of the General Design Criteria or the alternative Standard
Review Plan acceptance bases but meet acceptable isolation criteria on other
defined acceptance bases.

Feedwater Lines

The feedwater line penetrates the drywell to connect with the reactor pressure
vessel. It has three isolation valves. The isolation valve inside the drywell is

a check valve. Outside the primary containment is another check valve. Farther
away from the primary containment is a motor-operated gate valve. Should a break
occur in the feedwater line, the check valves prevent significant loss of reactor
coolant inventory and offer prompt primary containment isolation. During the
postulated loss-of-coolant accident, it is desirable to maintain reactor coolant

makeup from all sources of supply. For this reason, the outermost valve does not
automatically isolate upon a signal from the protection system. Instead of using
a leakage detection system in conjunction with use of a remote manual valve, this
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valve will be procedurally controlled and remotely closed from the control room to
provide long-term leakage protection 20 minutes after a postulated loss-of-coolant
accident.

We find this acceptable, since the time to close this valve is approximately the
same as if a leakage detection system were employed.

Control Rod Drive Return to Reactor Pressure Vessel

This line which injects into the reactor vessel from the control rod drive system
has three isolation valves. In addition to a simple check valve inside the drywell
and a check valve outside the drywell, a motor operated and remote manually actuated
gate valve functions as a third isolation valve. During the postulated loss-of-coolant
accident, it i: _.S rable to maintain reactor coolant makeup from all sources of
supply. t r this reason, valves which automatically isolate upon a signal are not
included i, the design of this system. Consequently, a third valve provides
long-term eakage control. Should a break occur in the control rod drive return
line, the check valves would prevent significant loss of inventory and offer
immediate isolation. The outermost isolation valve would provide long-term leakage
control. The remote manual gate valve would be procedurally closed 20 minutes
after a postulated loss-of-coolant accident. We find this acceptable since the
closure time associated with a detecticn system is approximately the same.

Emergency Core Cooling System Heat Exchanger Relief Valves

These system penetrations meet the two barrier criteria described in the Standard
Review Plan with a closed system outside containment and a containment isolation
valve. However, the isolation valve consists of a system relief valve, which
discharges into the containment. We find use of this relief valve acceptable as
an isolation valve since accident pressure seats rather than unseats the valve.

Reactor Building Closed Cooling Water System

Containment isolation barriers are normally designed to Quality Group B design
criteria. However, the reactor building closed cooling water systems, which the
applicant has identified as containment isolation barriers, are designed to Quality
Group C requirements. The applicant has committed to perform inservice inspections
of the system in accordance with Section XI of the American Society of Mechnical
Engineers Code. These periodic inspections will assure the reliability of these
systems. Accordingly, we find the design of these isolation barriers, when sup-
plemented by the above cited inservice inspections, acceptable.

Reactor Core Isolation Cooling System Turbine Exhaust and Vacuum Pump

Discharge Line

The applicant proposed for the reactor core isolation cooling system turbine
exhaust and vacuum pump discharge lines, the use of simple check valves outside
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containment. For these penetrations, the check valves serve as antisiphon devices
to prevent the suppression pool water from being siphoned from the containment.
Replacement of the check valve by any other type of valve would eliminate this
desirable feature. Therefore, we find the isolation provisions for these lines
acceptable.

Conclusion

Based on the above evaluation, we conclude that the applicant's proposed design of
the containment isolation system satisfies the requirements of General Design
Criteria 54, 55, 56 and 57 and is acceptable.

6.2.4 Containment Purge System

The applicant proposed use of the drywell and suppression pool purge system from
four to six times per year to cleanup the air purged from the primary containment
during hot shutdown, cold shutdown and refueling modes. The applicant does not
anticipate that it will be necessary to operate these systems during plant opera-
tion but he stated that operation flexibility in the use of this system is desirable.

The containment purge system consists of 18-inch inlet and outlet lines, complete
with redundant 18-inch butterfly isolation valves provided for each of the drywell
and suppression pool purge lines. In addition, a two-inch bypass valve is provided
so that the station operator may relieve a small quantity of air from the drywell
to reduce pressure.

We consider purging of the primary containment under ple..t operating conditions
undesirable. However, we find it acceptable if the design criteria set forth in
Technical Position Containment Systems Branch 6-4, " Containment Purging During
Normal Plant Operation," (Standard Review Plan 6.2.4, " Containment Isolation
System") are met by the design.

We reviewed the design of the containment purge system based upon the criteria
specified in the technical position and find that the purge system will meet these
criteria, satisfy the requirements of General Design Criteria 54 and 56 and

,

therefore is acceptable.

6.2.5 Combustible Gas Control

The combustible gas control systems include the piping valves, components and
instrumentation necessary to detect the presence of combustible gases within the
primary containment and to control the concentration of these gases.

The scope of review of the design and functional capability of the combustible gas
control system for the Zimmer Nuclear Power Station included drawings and descrip-
tive information of the-equipment to mix the containment atmosphere, monitor
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combustible gas concentration, and reduce combustible gas concentrations within
the containment following the design basis accident. The review also included the
applicant's proposed design bases for the combustible gas control systems, and the
analyses of the functional capability of the system provided to support the adequacy
of the design bases.

The bases for our acceptance are the conformance of system design and design bases
to the Commi:,sion's regulations as set forth in the General Design Criteria, and
to applicable regulatory guides, branch technical positiors, and industry codes
and standards.

Following a loss-of-coolant accident, hydrogen may accumulate within the contain-
ment as a result of metal-water reaction between the fuel cladding, and as a
result of radiolytic decomposition of the post-accident emergency cooling water.
The applicant analyzed the production and accumulation of hydrogen from the above
sources in accordance with the guidelines of Branch Technical Position Containment
Systems Branch 6-2, " Control of Combustible Gas Concentrations in Containment."
The guideline regarding the metal-water reaction states that hydrogen production
is five times the maximum calculated reaction under 10 CFR 50.46, or that amount

that would be evolved from a core-wide average depta of reaction into the original
cladding of 0.23 mils, whichever is greater, in two minutes. Results of the
applicant's emergency core cooling system evaluation shows that the metal-water
reaction is less than 0.1 percent of the fuel cladding. However, based upon
Containment System Branch 6-2 the zirconium metal water reaction used for the
Zimmer analysis is 0.7 percent of the cladding. We conclude that the applicant
calculated the hydrogen source in accordance with the guidelines of Branch
Technical Position Containment System Branch 6-2 and Regulatory Guide 1.7,
" Control of Combustible Gas Concentrations in Containment Following a

loss-of-Coolant Accident." The hydrogen source is therefore acceptable.

We find that the hydrogen concentration inside the containment would not reach the
flammable limit for several hours; therefore, in accordance with the criteria
described in 10 CFR 50.44, inerting the containment is not required.

.

The applicant proposed a hydrogen recombiner subsystem described in NEDE-21071-P,
" Flammability Control System," May 1976, to limit the hydrogen concentrations*

within the containment to below four volume percent. The recombiner is manufac-

tured by General Electric Company. It is designed to seismic Category I quality
group B requirements. A single 100 cubic feet per minute recombiner subsystem was
proposed. However, all active components of the recombiners are provided with
redundancy such that no single failure will impair the normal function of the
recombiners. The recombiner is located in the reactor building where it is pro-
tected from missile and jet impingement. Suction is taken from the drywell area
and the discharge is returned to the suppression pool above water level. Our
evaluation of this General Electric Company recombiner design is provided below.
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In addition to the recombiner a backup controlled purge system has also been
proposed. The capacity of this purge system is 100 cubic feet per minute.

Since the primary centainment atmosphere is not inerted, the drywell hydrogen con-
centration is limited to four volume percent. The applicant calculates that the
drywell hydrogen concentration will not reach this limit until about 16 hours
after a postulated loss-of-coolant accident without the recombiner system in
operation.

Following a postulated loss-of-coolant accident the operator is instructed by
procedures to start the recombiner at 30 minutes af ter the assumed loss-of-coolant
accident. After a three hour warm up period the operator can initiate recombiner
process flow.

The applicant performed calculations of the containment hydrogen concentration.
Based on 100 cubic feet per minute flow at the recombiner at 3.5 hours after a

loss-of-coolant accident the applicant calculates a maximum drywell hydrogen
concentration of 3.5 volume percent occurring approximately 20 hours after the
postulated accident. The maximum calculated wetwell hydrogen concentration is 2.5
volume percent. We performed similar analyses that confirm the results of the
applicant's calculations. -

Hydrogen sample points are located in the primary containment compartments so as

to allow detection of nonuniform hydrogen concentrations. Twc sample points are
located in each compartment to ensure samp'ing capability following a single
failure. The containment subcompartmentr with sample points include: wetwell,
drywell, vessel skirt area, and the dry w ll head area.

We conclude that the design of the combustible gas control system conforms to all
applicable regulations, guides, our positions, and industry standards and is
acceptable.

Containment Hydrogen Recombiner Evaluation

A General Electric Company thermal hydrogen recombiner is used to control the
hydrogen concentration in the Zimmer containment following a loss-of-coolant
accident. This is the first applicant to propose such a unit. The recombiner
system consists of the flammability control unit, and control panels. The General
Electric Company qualification program for this recombiner is described in
NEDE-23597, " Qualification Report - Flammability Control System," June 1977.

The flammability control unit is skid-mounted and located outside the containment.

However, the control panels are located in the main control room. The atmosphere
from the containment drywell is circtlated through the flammability control unit
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and returned to the pressure suppression chamber. The major components of the
flammability control unit are the blower, electric heater, heat exchangers and
associated piping.

The design pressure of the recombiner system is 62 pounds per square inch gauge.
The recombiner is capable of circulating 100 standard cubic feet per minute of
containment atmosphere. However, the system is designed to recycle a portion of
the 100 standard cubic feet per minute effluent gas back to the blower inlet for
inerted containments. The recycled gas flow rate is regulated between 0 standard
cubic feet per minute and 60 standard cubic feet per minute by a motor-operated
flow control valve. Since the Zimmer containment is not inerted, the recycle

system wiil not be used.

The qualification test program included (1) a thermal cycle test to verify that
the recombiner heater and reaction tube will withstand the thermal cycling that
will occur during the surveillance testing during their design life, and (2)
functional tests to determine flow capacity to demonstrate that the recombiner
wi'.1 perform as intended in a post-loss-of-coolant accident containment
environment.

The thermal cycle test consisted of heating the recOmbiner to its operating
temperature and then cooling the recombiner. This procedure was repeated 80
times. The functional tests consisted of various tests which determined system
flow rates and effluent hydrogen concentrations for different hydrogen, oxygen and
steam concentrations. In addition the environmental and the 30 day test were
performed with the test enclosure structure maintaining a hot, humid, condition by
circulating steam through the enclosures.

The results of the tests conducted on the General Electric Company recombiner

system demonstrate that the recombiner (1) is capable of withstanding the thermal
induced cycling as a result of the surveillance testing during the 40 year design
life, and (2) will perform as intended in a post-loss-of-coolant accident environ-
ment with a flow rate of 100 standard cubic feet per minute. For all cases in
which there was not any recycled flow, the hydrogen concentration in the effluent
was less than 1.0 percent.

Based on our review we conclude that the General Electric Company thermal hydrogen

recombiner is capable of processing 100 standard cubic feet per minute of contain-
ment atmosphere for the Zimmer nuclear power plant with a hydrogen concentration.

up to four volume percent in the drywell. The test results provide adequate
assurance that effective control can be maintained of the hydrogen concentration
within the Zimmer containment following a loss-of-coolan+ accident. We find the
General Electric Company recombiner acceptable for use in the Zimmer containment.
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6.2.6 Containment Leakage Testing

We reviewed the applicant's containment leak testing program for compliance with
the containment leakage testing requirements specified in Appendix J to 10 CFR,
Part 50, " Primary Reactor Containment Leakage Testing for Water-Cooled Power
Reactors." Such compliance provides adequate assurance that the containment
leak-tight integrity can be verified throughout service lifetime and that the
leakage rates will be periodically checked during service on a timely basis to
maintain such leakage within the specified limits. Maintaining containment
leakage with such limits provides reasonable assurance that, in the event of any
radioactivity release within the containment, the loss of the containment
atmosphere through potential leak paths will not be in excess of the limits
specified for the site.

Specifically, we reviewed the containment leak testing program to assure that the
containment penetrations and system isolation valve arrangements are designed to
satisfy the containment integrated leak rate testing requirements and the local
leak testing requirements of Appendix J. The proposed leak testing practices for
the containment personnel airlocks and main steam isolation valves, however,
differ from the explicit requirements of Appendix J. The acceptability of this is
discussed below.

We have determined that an exemption from certain requirements of Appendix J to
10 CFR, Part 50 is required regarding the leak testing practices proposed below.

urmineWe are currently reviewing the information provided by the applicant to de
whether or not a specific exemption should be granted. The areas of noncompliance
are similar to those reviewed and approved by us for exemption on other applica-
tions. If we grant a similar exemption for Zimmer, our evaluation supporting the
matter will accompany the granting documents.

Containment Personnel Airlocks

Appendix J to 10 CFR, Part 50 requires the containment personnel airlocks to be
leak tested at 6-month intervals and af ter each opening during such intervals
(III.D.2). Appendix J further requires that the test be conducted at the peak
calculated containment pressure related to the design basis accident; i.e., Pa

(III.B.2).

Based on plant operating experience, the requirement that airlocks be leak tested
after each opening between six-month tests is an impractical requirement when
frequent airlock usage is necessary over a short period of time. Since the air-
lock design permits leak testing of the door seals at a reduced pressure, the
applicant plans to leak test the door seals within three days after opening an
airlock by pressurizing the volume between the door seals to 10 pounds per square
inch gauge. The acceptance criterion for the test is that the leak rate shall not
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exceed five standard cubic feet per hour. Testing an airlock in this manner is*

more practical, and still provides the desired confidence that the door seals have;

- not been damaged. Furthermore, the six-month test of an airlock, which involves
'. pressurization of the entire airlock to Pa, will be retained.

Main Steam Isolation Valves4
a

Appendix J to 10 CFR, Part 50 requires local leak testing of boiling water reactor -

main steam isolation valves (II.H.4) at the peak calculated containment pressure,

related to the design basis accident (!!I.C.2). Furthermore, Appendix J reouires
that the measured leak rates be included in the summation for the iocal leak rate
tests (III.C.3).

.*

The applicant, however, proposes to leak test the main steam isolation valves at a a

reduced pressure and exclude the measured leakage from the combined leak rate for
the local leak rate tests.

'Each main steam line is provided with two main steam isolation valves which are
.

positioned to provide better sealing in the direction of post accident containment
atmosphere leakage. In the event of a loss-of-coolant accident the main steam
leakage control system will maintain a negative pressure between the main steam

_

isolation valves. The effluent will be discharged into a volume where it will be
processed by the standby gas treatment system prior to being released to the
environs. A radiological analysis for this potential source of containment atmo-
sphere leakage was performed, based on an assumed leak rate past the inboard main

/ steam isolation valve of 11.5 standard cubic feet per hour.
. ,

The applicant plans to pariodically leak test the main steam isolation valves to
assure the validity of the radiological analysis.

,;
,

The design of the main steam isolation valves is such that testing in the reverse
direction tends to unseat the valve. Testing of the two valves simultaneously,
between the valves, at design pressure would lift the disc at the inboard valve.

'

.

,
This would result in a meaningless test. The proposed test calls for a test
pressure of 20.2 pounds per square inch gauge to avoid lifting the disc at the

. inboard valve. The total observed leakage through both valves (inboard and out-
board) is then conservatively assigned to the penetration. We conclude that this
procedure is acceptable. Furthermore, excluding the leakage from the summation
for the local leak rate tests is acceptable since the leakage has been accounted
for separately in the radiological analysis of ch* site. ,

,

* Conclusion ]
m

With the exception of the leak testing practices for the containment's personnel
- airlocks and main steam isolation valves, described above, the proposed reactor 1

,
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containment leak testing program complies with Appendix J to 10 CFR, Part 50 and
is acceptable.

6.3 Emergency Core Cooling System

The emergency core cooling systert is designed to provide water to the reactor
coolant system in the event of a break in the pressure boundary. The emergency
core cooling system capability extends to failures as large as a double ended
rupture of the largest pipe carrying water or steam, and spurious safety / relief
valve operation.

The basis for the design of the emergency core cooling system system is to limit
damage to the fuel cladding in accordance with 10 CFR 50.46. The system must be

capable of performing its design function even without offsite power and with a
single failure, including loss of an emergency diesel.

6.3.1 System Design

The emergency core cooling system consists of the following systems:

(1) High Pressure Core Spray System;
(2) Automatic Depressurization System;
(3) Low Pressure Core Spray System; and
(4) Low Pressure Coolant Injection System

The high pressure core spray system maintains coolant level for small breaks and
provides spray to cool the core for larger breaks; the reactor core isolation
cooling system, also serves to cool the core in the event of low water level. The
high pressure core spray system takes water from the condensate storage tank and
pumps it into the spray sparger within the reactor vessel. The high pressure core
spray suction is diverted to the suppression pool if the water supply in the
condensate storage tank is exhausted, or if the water level in the suppression
pool exceeds a prescribed value.

The automatic depressurization system is used to depressurize the reactor coolant
system in the event of a small break in the reactor coolant system. The automatic
depressurization system uses six of the safety / relief valves to reduce the system
pressure so that the low pressure systems may inject water to cool the core.
Operation of the automatic depressurization system is delayed for two minutes as a
compromise between the need to depressurize the reactor coolant system during a
loss-of-coolant accident and the need to minimize potential pressure transients in
the reactor coolant system.

The low pressure coolant spray system pumps water from the suppression pool to a
core spray sparger within the reactor vessel. The low pressure coolant injection
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~ system has three loops with a pump in each. Two of the loops can be used to cool
the containment and the suppression pool (wetwell).

?

6.3.2 Evaluation
Single Failures

We reviewed the system description and piping and instrumentation drawings to i

l assure that abundant core cooling will be provided during the injection phase with #

"

and without offsite power and assuming a single failure. A low reactor vessel
j- water level and/or high containment pressure signal is required to start pumps and

open discharge valves. A single failure of a pump, suction, or discharge
i valve, could result in the loss of a single emergency core cooling system loop. j

A diesel generator failure could result in failure of either the high pressurt
.

core spray train or a low pressure core injection and low pressure core spray
A train or two low pressure core injection trains. Failure of individual components

would cause failures of only single trains. For this reason, loss of-coolant -

accident calculations were predicated upon failures of diesel generators in order
~

,
to provide conservative results. ~

The applicant states that after 10 minutes, the core is reflooded and either one
' '

of the core spray pumps or a low pressure core injection system pump is sufficieht
to maintain core cooling. Only one low pressure core injection system loop
(cantaining a heat exchanger) is required for long term removal of decay heat from .

.4

the containment.

* Qualification of the Emeroency Core Cooling System

The emesgency core cooling system is designed to meet the requirements of Seismica

Category I requirements in compliance with Regulatory Guide 1.29, " Seismic Design g
*

,

Classification," as discussed in subsection 3.2 of this report; it is housed in ,,

structures designed for seismic events, tornadoes, floods, and other phenomena in
'

accordance with the requirements of General Design Criterion 2 as discussed in.y

subsection 3.8 of this report. All emergency core cooling system equipment is *

3

designed in accordance with Quality Group A and B standards in compliance with
Regulatory Guide 1.26, " Quality Group Classification and Standards for Water ,

*
Steam , and Radioactive-Waste-Containing Components of Nuclear Power Plants," as
discussed in subsection 3.2 of this report.

.

The emergency core cooling system is protected against pipe whip inside and out-
side of containment and against discharging fluids resulting from failure of
equipment in compliance with the requirements of General Design Criterion-4, [.

+
; Regulatory Guide 1.46, " Protection Against Pipe Whip Inside Containment," and our

'applicable criteria as discussed in subsection 3.6 of this report.

i
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lhe emergency core cooling system is designed to permit inservice inspection in
accordance with the requirements of General Design Criterion 36, as noted in
subsection 5.4 of this report.

The high pressure core spray system serves to complement the reactor core isola-
tion cooling system in cases of low water level in the reactor vessel. The alter-
nate functions of the residual heat removal system include shutdown cooling, steam
condensing mode, containment cooling, and low pressure coolant injection. Use in
one mcde does not impair the operational capability in another mode. The residual
heat removal system valve logic requires low pressure core injection system align-
ment in the event of a loss-of-coolant accident, taking precedence over other
residual heat removal system functional modes.

Emergency core cooling system equipment is designed to operate during normal and
accioent conditions in accordance with the requirements of General Design
Criterion 4 as discussed in subsection 3.11 of this report.

Functional Design

The available net positive suction head for the pumps in the emergency core cool-
ing system subsystems, has adequate margin to prevent cavitation and assure pump
safety in accordance with Regulatory Guide 1.1, " Net Positive Section Head for
Emergency Core Cooling and Containment Heat Removal System Pumps." Three jockey

pumps are used to keep the emergency core cooling system injection lines filled
with water in order to prevent water hammer on startup. Each pump is powered by a
different emergency bus so that loss of offsite power coupled with single failure
can only disable one filling system. Failure of a jockey pump is alarmed in the
control room.

Containment isolation of the emergency core cooling system lines complies with the
requirements of General Design Criteria 55, 56, and 57, as discussed in subsection
6.2 of this report.

For pump protection, all of the emergency core cooling subsystems (high pressure
core spray, low pressure core spray and low pressure core injection systems) have
miniflow lines to permit a limited amount of flow in the event injection to the
reactor coolant system is prevented for any reason. When a quantity of flow,
sufficient to protect the pump, is detected in the injection line, the valves in
the miniflow bypass lines close.

We also reviewed the potential for passive failures in the emergency core cooling
system following an assumed loss-of-coolant accident. The passive failures con-
sidered include failures such as pump seals, instrument penetrations, or valve
stem leakage.
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Leakage can be detected by changes in suppression pool level and the reactor
building sumps which have level alarm detection systems. Collected leakage is
normally pumped to radwaste but could be diverted to the tendon tunnel which has a
volume of 66,000 gallons. It is concluded that leakage due to passive failures
can be detected in sufficient time to isolate the affected system and permit
transfer to redundant equipment.

Isolation between the reactor cooling system and each emergency core cooling
system is provided by a check valve and a closed motor operated valve. We require
that isolation valves be leak tested periodically in accordance with the provisions
of Section XI of the American Society of Mechanical Engineers Boiler and Pressure
Vessel Code. Leakage limits for these valves will be provided in the Technical
Specifications.

6.3.3 Testing

The applicant will demonstrate the operability of the emergency core cooling
system by preoperational and periodic testing, as required by Regulaterv Guide
1.68, " Initial Test Programs f or Water-Cooled Reactor Power Plants," and General
Design Criterion 37.

Preoperational Tests

Preoperational tests will assure proper functioning of controls, instrumentation,
pumps, piping, and valves. Pressure differentials and flow rates will be measured
for later use in determining acceptable performance in periodic tests. The appli-
cant will meet the guidelines of Regulatory Guide 1.68 mentioned above for preopera-
tional and initial startup testing of the eP rgency core cooling system.

Periodic Component Tests

The applicant will test the subsystems comprising the emergency core cooling
system periodically to show that specified flow rates are attained. Every 18
months a test is performed in which each subsystem is actuated through its
emergency operating sequence. These tests comply with General Design
Criterion 37.

6.3.4 Performance Evaluation

We reviewed the loss-of-coolant-accident analyses presented by the applicant in
Section 6.3.3 of the Final Safety analysis Report. Calculations were conducted in
accordance with the methods described in General Electric Topical Report NE00-20566,
" General Electric Company Analytical Model for Loss-of-Coolant Analyses in Accordance
with 10 CFR Part 50, Appendix K," dated August 1974 and " General Electric Refill
Reflood Calculation" transmitted December 20, 1974. During 1977, the General
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Electric Company proposed several changes to its emergency core cooling syFtem
evaluation model. These changes have been approved by us and are described in our
" Safety Evaluation for General Electric emergency core cooling system Evaluation
Model Modification."

As the lead BWR-5 plant, a full break spectrum was presented for Zimmer. As a
minimum the water level inside the shroud, the reactor vessel pressure, the con-
vective heat transfer coefficient, and the peak cladding temperature were presented
for each break analyzed. For the limiting break (double-ended offset shear with a
discharge coefficient = 1.0), the applicant also calculated the maximum cladding
oxidation and maximum hydrogen generation. The most limiting break was found to
be a double-ended break of the recirculation line on the suction side of the pump.

For the loss-of-coolant accidents which include the limiting break area and breaks
with areas 0.8 and 0.6 times the design basis accident break area, the applicant
reported that the worst single failure was the failure of a diesel generator which
supplied power to low pressure coolant injections system trains B and C. The

worst single failure for the transition break (1.0 square foot) in the recircula-
tion line on the suction side of the pump was reported to be failure of the high
pressure core spray system train. The applicant reported that the worst failure
for the other small breaks (0.07 and 0.2 square feet), both in the recirculation
line, was also the high pressure core spray system train failure. Other breaks
were also considered, as noted below:

Break Location Size Worst Single Failure

Core Spray Line 0.278 square feet Diesel generator supplying power
to low pressure core spray system
and low pressure coolant injection
system train A

Feedwater Line 0.635 square feet High pressure core spray system
train failure

Fiain Steam Line
Inside Containment 2.598 square feet Diesel generator supply power

to low pressure coolant injection
system train B&C.

Outside Containment 2.723 square feet High pressure core spray system
train failure

The applicant assumed the failure of one automatic depressurization system valve
in all calculations, in addition to the other single failures coa 8dered. The
applicant also assumed that power to the recirculating pumps was iost at the
beginning of the loss-of-coolant accident. It was shown that the consequences
were less severe if pumps were assumed to continue running.
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For the design basis accident, results were as follows:

Design Basis Accident Calculated Allowable
Peak Clad Temperature 1821 degrees Fahrenheit 2200 degrees Fahrenheit

Maximum Cladding Oxidation 0.6 percant 17 percent

Maximum Total Hydrogen 0.05 percent 1 percent

Generation

The applicant cited NED0-20566 which shows that core damage as a result of the
worst loss-of-coolant accident will not be sufficient to prevent effective cooling

by the emergency core cooling (i.e., a coolable geometry is maintained). Addi-
tionally, the long term cooling will be maintained by at least one core spray
system (either high or low pressure) in the event of a recirculation line break or
by reflooding the reactor vessel by means of at least one low pressure coolant
injection system train.

We are reserving judgment on the conformance of these analyses to 10 CFR 50.46
pending our review and assessment of the impact of the recent Two Loop Test
Apparatus Tests performed by the General Electric Company on the loss-of-coolant
evaluation model.

The Two Loop Test Apparatus is part of the Blowdown / Emergency Core Cooling Program

being conducted by General Electric at San Jose, California, under sponsorship by
the Electric Power Research Institute, General Electric Company and the Nuclear
Regulatory Commission. The purposes of the program are:

(1) Obtain and evaluate basic blowdown and emergency core cooling data from test
configurations which have calculated performance characteristics similar to a
boiling water reactor with 8x8 fuel bundles during a hypothetical
loss-of-coolant accident.

(2) Determine the degree to which models for the boiling water reactor system and
fuel bundles describe the obse.ved phenomena, and as necessary, develop
improved models which are generally useful in improved loss-of-coolant accident
analysis methods.

The Two Loop Test Apparatus configuration used for blowdown and emergency core

cooling is scaled to a BWR/6 design (624 bundles) and includes the following major

components: (1) pressure vessel, and internals, (2) 8x8 heated bundle, (3) two
recirculation loops, (4) emergency core cooling systems (high pressure core spray,
low pressure core spray, low pressure coolant injection and automatic depres-
surization systems) and (5) auxiliary systems.

The applicant investigated the consequences of diverting low pressure coolant
injection pumps to the wet well spray system 10 minutes after the hypothetical
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loss-of-coolant accident. The worst single failure / break type combination with
low pressure coolant diversion was stated to be a break in the high pressure core
spray line of about 0.02 square foot combined with the failure of the diesel
generator which supplies power to the low pressure core spray system pump and one
low pr,?ssure coolant injection system pump. The resulting peak clad temperature
was approximately 1725 degrees Fahrenheit. While the calculated peak clad
temperature with low pressure coolant injection system diversion to the wet well
spray system satisfies emergency core cooling system acceptance criteria, we have
not completed our review of the proposed automatic diversion of low pressure
coolant injection system pumps and operator procedures relative to diversion. We
will report this matter in a supplement to this report (See subsection 6.2.1 of
this report.)

The core spray sparger for both the high and low pressure core spray systems each
consists of two semicircular segments which form an essentially complete circular
sparger. Water is sprayed radially onto the tops of the fuel assemblies by short
elbow nozzles spaced around the sparger. Tests of this type of spray system to
ensure that adequate coolant is delivered to each fuel assembly were made in a
full-!cale test in which air at ateospheric pressure simulated the post loss-of-
coolant accident steam environment. However, recent tests conducted on a single
nozzle indicate that the actual steam environment may adversely affect the distribu-
tion of flow from certain types of core spray nozzles. As discussed in NUREG-0410
"NRC Program for the Resolution of Generic Issues Related to Nuclear Power Plants,"
this problem is being studied by us under Task A-16 entitled, " Steam Effects on
BWR Core Spray Distribution." Preliminary analyses and measurements have been
made which support the existence of a significant safety margin between that
amount of spray flow provided to each fuel assembly in the post-loss-of-coolant
accident steam environment and that used to calculate the spray cooling coef-
ficients assumed in the loss-of-coolant accident analyses. Tests will be
conducted by General Electric Company to confirm spray flew margins used in the
emergency core cooling system loss-of-coolant accident analyses. In the interim
period, we believe there is a sufficient technical basis to permit licensing of
Zimmer, Unit 1. This conclusion is based on:

(1) The existence of the safety margins between available and required spray flow
indicated by preliminary analyses and measurements,

(2) The existence of counter-current-flow-limiting phenomena should provide a
steam / water layer on top of the core and force a more even distribution of
the core spray,

(3) The timely confirmation of the spray flow margin presently believed to exist
which should be provided by the aforementioned tests and information.

6-43



6.3.5 Conclusions

We reviewed piping and instrumentation drawings and description of the emergency
core cooling system presented in the Final Safety Analysis Report. We, subject to
the reservation stated in subssction 6.3.4 of this report, find that the emergency
core cooling system conforms t. pertinent General Design Criteria and Regulatory
Guides and is acceptable.

6.4 Habitability Systems

The following discussion is related to the emergency protection provisions for the
control room with respect to radiological and toxic gas hazards.

6.4.1 Radiological Dose protection

The applicant's design meets General Design Criterion 19 by use of adequate shielding
and by installing a dual fresh-air inlet system containing redundant, once-through,
deep bed charcoal filter trains for control room pressurization. In addition, the
system provides for 50 percent full flow filtered recirculation through smoke and
odor removal charcoal filters which are installed in each of the redundant normal
air handling equipment trains.

Each of the pressurization filter trains contains a 2000 cubic foot per minute
once-through charcoal filter for removing radioactive iodine from the incoming
outside air. The recirculation charcoal filters are sized for 100 percent full
flow (39,090 cubic feet per minute) capacity for smoke and odor removal. Under
radiological emergency conditions, they will be used in a 50 percent (19,545 cubic
feet per minute) recirculation mode for radioactive iodine removal from the control

room air. All emergency ventilation filtration will be initiated automatically
upon a high radiation signal from the detectors located on the outside air intakes.

The control room ventilation system is equipped with a separate air intake which
is to be used for purging the control roca of smoke or noxious gases. The intake
is normally isolated by a single damper. Since this damper does not meet the
single failure criterion, we required the applicant to provide suitable modifica-
tions or administrative procedures, such as:

(1) Provision of a second damper in series with the single damper, or

(2) Appropriate administrative procedures and/or design modifications for the
single damper. Specifically, a technical specification limiting the "open"
status of the damper to purging operations, and adequate differentiation
(e.g., separation distance on control board) between the manur' control of
this damper and the other isolation dampers, so as to minimize 6ne prob-
ability of the single damper being inadvertently opened.
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The applicant committed to the second alternative above and we find the commitment
acceptable.

We determined that the potential radiation doses to control room personnel follow-
ing a loss-of-e olant accident are within the guidelines of General Designv

Criterion 19, we conclude that the design of the control room emergency ventila-
tion system is acceptable for the purpose of preventing significant radiological
exposure of operating personnel.

6.4.2 Toxic Gas Protection

The toxic gas hazards with respect to the control room were evaluated using the
procedures described in Regulatory Guide 1.78, " Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room During a Postulated Hazardous
Chemical Release," and 1.95, " Protection of Nuclear Power Plant Control Room
Operators Against an Accidental Chlorine Release." The applicant made provisions
for storing ten one-ton cylinders of chlorine within the circulating water pump
structure which is about 500 feet away from the nearest control room outside air
intake. The control room outside air intakes is equipped with quick acting redun-
dant chlorine detectors which will, upon chlorine detection, isolate the control

room ventilation system from the outside atmosphere. Our evaluation of the chlo-
rine hazard from the onsite chlorine tanks finds the control room to be protected

adequately. With respect to offsite toxic gas hazards, a preliminary review of
the river t,arge traffic indicates that the frequency of shipment of toxic
chemicals is acceptably low in accordance with the Regulatory Guide 1.78 and does
not pose an undue hazard to the control room operators.

At our request the applicant determined the shipping data for toxic chemicals
known to be transported regularly on the Chesapeake and Ohio Railway near the site
(about 2300 feet from the control room). In accordance with the guidelines of
Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a Nuclear
Power Plant Control Room During a Postulated Hazardous Chemical Release," the data

obtained by the applicant from the C&O Railroad indicate that only chlorine and
anhydrous ammonia are shipped in sufficient frequency and quantity to warrant
design basis toxic gas protection.

The applicant committed to providing redundant chlorine and ammonia detectors in
the control room outside air intaker. The detectors will be designed to close
automatically the outside air dampers, thus isolating the contro? room price to
the introduction of significant amounts of the above chemicals into the control
room. In addition, the applicant will provide breathing apparatus and a 30-hour
bottled air supply for at least five persons within the control room area.

On the basis of the above we find that the control room is protected adequately
against the hazards associated with the shipment of toxic gases along the C&O
railway and Ohio River near the site.
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With respect to U.S. Route 52 near the Zimer site, our review indicates that the
daily commercial traffic is in the range of 400 to 600 trucks per day. Since some
of this traffic may involve shipment of toxic material, there is a potentiil
hazard to the plant with respect to this route. According to Regulatory Guide 1.78,
truck shipments of toxic materials within 5 miles of a plant st.ould be inalyzed
if the frequency is 10 shipments per year or more. Since information on the type
of cargo being carried by the comercial vehicles have not been presented in the
Final Safety Analysis Report and since our initial efforts have indicated that
this information is not readily available at the present time, we are not able
to determine whether or not a hazard exists to the control room operators due to
potential toxic gas releases on U.S. Route 52 near the Zimer site, it should
be noted, however, that the Zimmer control room ventilation system is equipped
with isolation capability due to the protection requirements against chlorine and
amonia.

In view of the above, we consider this to be a confirmatory issue and we will
pursue its resolution with the applicant and report on the matter in a supplement
to this report.

6.5 Fission Product Removal and Control Systems

6.5.1 Engineered Safety Features Filter Systems

The engineered safety feature atmosphere cleanup systems for the Zimer Nuclear
Power Station consist of process equipment and instrumentation to control the
releases of radioactive material in gaseous ef fluents (radiolodine and particulate
matter) following a design basis accident. In the Zimmer Station design, there
are two filtration systems designed for this purpose, the control room habitabil-
ity system, and the standby gas treatment system.

6.5.2 System Description and Evaluation

Control Room Habitability System

The function of the control room habitability system is to supply non-radioa-tive
air to the control room after a design basis accident and to pressurize the control
room to a slight positive pressure. This syst_.: W il permit operating personnel
to remain in the control room folloving a design basis accident. The standby
makeup air filter train of the control room has redundant active components with
an intake design capacity of 2,000 cubic feet per minute and contains the
following components: two fans, two heating coils, a demister, a prefilter, two
high efflency particulate air filters, and a charcoal adsorber. The normal air
supply and return portion of the habitability system consists of redundant trains
with an intake and recirculating design capacity of 39,000 cubic feet per minute.
Each train contains the following components: a high efficiency particulate air
filter, a charcoal adsorber, a bumidifier, and a fan.
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The equipment and components are seismic Category I design and are located in a
seismic Category I structure. Following a design basis accident , the pressuriza-
tion and recirculation system will be automatically activated by a signal from
radiation monitors located in the inlet ducts or be activated manually from the
control room.

We determined that the control room habitability system is designed in accordance
with the guidelines of Regulatory Guide 1.52, " Design, Testing, and Maintenance
Criteria for Engineering Safety Features Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants," and is capable
of maintaining an acceptable control room environment following a design basis
accident. We, therefore, find the design of the system to be acceptable.

Standby Gas Treatment System

The function of the standby gas treatment system is to produce and maintain a
slightly negative pressure (0.25 inch of water gage) in the secondary containment
and to provide control of the releases of radioactive materials in gaseous
effluents following a design basis accident. The system is automatically
activated by a high drywell pressure signal, low reactor water level, and airborne
radiation monitors in the reactor building ventilation system, or can be manually
controlled from the control room. The standby gas treatment system consists of
redundant systems, with each system having a treated exhaust capacity of 2,300
cubic feet per minute of air and a recirculation design capacity of 80,000 cubic
feet per minute. Each engineered safety feature filter train contains the follow-
ing components: fan, demister, electric heating coil, prefilter, upstream high
efficiency particulate air filter, two carbon adsorbers in series, and downstream
high efficiency particulate air filter. The equipment and components are seismic
Category I design and are located in a seismic Category I structure.

We determined that the standby gas treatment system is designed in accordance with
the guidelines of Regulatory Guide 1.52, " Design, Testing and Maintenance Criteria
for Engineering Safe:y Features Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light-Water-Cooled Nuclear Power Plants," and is capable of
maintaining suitable control of gaseous effluents following a design basis
accident. We, therefore, find the design of the system acceptable.
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7. 0 INSTRUMENTATION AND CCNTROM

7.1 General Information
7.1.1 Introduction

Section 7.1 of the Final Safety Analysis Report contains information pertaining to
safety-related instrumentation and control systems, their design bases, and the
applicable acceptance criteria. We review this information as detailed in the
Standard Review Plan, and also determine the adequacy of the information presented

with reference to the information requirements of the corresponding section of the
Standard Format for Safety Analysis Reports.

7.1.2 General Findings

We audited the applicable design criteria listed in the Final Safety Analysis
Report Tables 7.1-3 thru 7.1-9, the design bases and the descriptions of the
safety-related systems, and conclude that they comply with those criteria which we
reviewed and approved for the issuance of the construction permit. In addition,
the criteria used for the Zimmer design are similar to the acceptance criteria of
Section 3.10 and Table 7-1 of the Standard Review Plan except for the following
major differences:

(1) Environmental qualification of Class IE equipment was conducted in accordance
with Institute of Electrical and Electronic Engineers Standard 323-71 standard
instead of completely in accordance with the Institute of Electrical and
Electronic Engineers Standard 323-74 standard. However the criteria used for

the Zimmer plant are acceptable based on the implementation guidance
described in Regulatory Guide 1.89, " Qualification of Class IE Equipment for
Nuclear Power Plants."

(2) Institute of Electrical and Electronic Engineers Standard 384 and Regulatory
Guide 1.75, " Physical Independence of Electrical Systems," did not exist when
the construction permit was issued. However, with the exceptions as indicated
in sections 7 and 8 of this report, the Zimmer Station meets the requirements
of these latter criteria.

We have concluded, on the basis of this information, that the Zimmer criteria are
acceptable except as noted for specific systems which were found unacceptable and
are so reported below.

Our review of the Final Safety Analysis Report, Chapter 15, revealed that certain
systems, classified as not being required for safety, are assumed to function to
mitigate the consequences of cesign bases events. These systems are identified
below under the appropriate subheadings of this report.
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7.1. 3 Specific Finding <,

During the course of our review, we found a pattern of " repetitive" problems in
the implementation of the design of Class IE equipment. Because these problems
involved more than one category of safety-related systems and/or more than one

system in a particular category, they are presented in this section of this
report.

Protection of Motor-Operated Valves

Torque switches and limit switches are used to prevent mechanical damage to the
valve operators. Traditionally, drift in the adjustment of torque switches has
been a major cause for valve failures in operating nuclear power plants. In order
to improve the reliability of motor-operated valves, torque switches were removed
from the safety function position circuits of many Class IE valves. Torque
switches remained installed in the " normal" position circuits (circuits provided
for manual tes* operation) of the valves. We requested the procedures and fre-
quency which will be used to verify proper torque switch operation for these
remaining torqu switches. We reviewed this information and found it accttptable
50 that there is a %w ,1kesinood of undetected valve damage during routine valve

testing.

Der review of the irsthod for implementing thermal overload protection indicated
that the design is in compliance with the requirements of Branch Technical
Position, Electrical Instrumentation and Control Systems Branch 27 and is
acceptable.

Testinj)

The appilcant proposed to use a General Electric Company supplied computer system
known as "Startrek" to monitor plant startup testing and that both safety and
non-safety inputs will be connected to the computer. We were concerned that such
equipment may compromise the electrical independence and physical separation of
Class IE redundant divisions, and requested more information. Our review of the
responses indicates that this system will be physically separated and electrically
isolated from Class IE equipment using isolation devices which satisfy the
requirements of Institute of Electrical and Electronic Engineers Standard 279-1971
(10 CFR Section 50.55a) and wiring which satisfies the Zimmer separation criteria.
We will review the qualification testing of the isolation devices when the tests
are completed and provide our evaluation in a supplement to this report.

Safety System Setpoints

The compatibility of the setpoints used to automatically control Class IE
equipment with the range and accuracy of the sensors used was reviewed because of
instrument setpoint drift in similar plants. We found that the setpoints for some
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Class IE systems were not listed in the Final Safety Analysis Report and that, for
some of the sensors listed, the worst-case combination of setpoint and accuracy
exceeded the sensor range. The resolution of this issue may require the replace-
ment of some sensors and will be provided in our approval of the technical
specifications to be part of the operating license.

Response Time Testing

We requested a description of the provisions in the design for conducting response
time testing and a description of the methods to be used to assure that the
Class IE equipment can meet its design bases. Further discussion was postponed
until the revised technical specifications are submitted. We will pursue this

matter and provide the resolution with our issuance of the technical specifica-
tions to be a part of the operating license.

7.1.4 Evaluation

With the exception of the specific issues which are presented above and in the
following subsections of this section, our review indicates that there is reason-
able assurance that the safety related instrumentation and control systems have
been designed and implemented to tie applicable safety criteria identifed in
subsection 7.1.2 of this report. We conclude that implementation of all
safety-related systems in accordance with the criteria identified in subsection
7.1.2 of this report will provide assurance that the plant will perform as
designed in normal operation, anticipated operational transients and postulated
accident conditions, and will meet the applicable requirements of General Design
Criterion 1 with regard to appropriate records of design, fabrication, erectitn
and testing of systems and components important to safety.

7.2 Reactor Trip System

7.2.1 General Discussion

Section 7.2 of the Final Safety Analy is Report describes the reactor trip system.
The re...or trip system, which is part of the reactor protection svstem, incluoes
those power sources, sensors, initiation circuits, logic matrices, bypasses,
interlocks, racks, panels and control boards, and actuation and actuated devices
that are required to initiate reactor trip. This trip system has been designated
as the rea. tor protection system. The reactor protection system is designed to
initiate automatically the release of the control rods in the reactivity centrol
system to assure that specified acceptable fuel design limits are not exceeded.
It also includes those safety related portions of control systems, the actions of
which inhibit or limit the response of the reactivity control system, to ensure
that fuel design limits and safety limits are not exceeded.
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7.2.2 General Findings

The design of the reactor protection system is similar to the designs 'or Hatch 1
and 2. The basic design, which utilizes one-out of-two-taken-twict sogic, has
been reviewed extensively in _a past. There are design changes incorporated in
Zimmer to satisfy the requirements of Institute of Electrical and Electronic
Engineers Standard 279-1971. These changes are discussed in the following para-
graphs. With the exception of the items noted below, we evaluated the design and
implementation of the reactor trip system and conclude that this design meets the
Comrission's requirements identified in subsection 7.1.2 of this report anj
(except as noted in subsection 7.1.3 of this report and in the following
paragraphs) is therefore acceptable.

7.2.3 Specific Findings

Detector location and Manual Trip Capability

The smaller core size, than LaSalle for example, has resulted in a redt.ction in
the number of local power range monitor assemblies with the number of average
power range monitors remaining unchanged. The assignment pattern remained the
same; thus, the quality of averaging is maintained.

The Zimmer desi / (BWR-5) includes the BWR-6 physical sepa>ation of the reactor
trip system detectors into four separate areas within the reactor building, which
provides for improved physical independence between redundant equipment. The
reactor manual trip circuit was modified to s:eet the single failure criterion of
Sectian 4.17 of Institute of Electrical and Electronic Engineers Standard 279-1971.
We find the criteria used for detector location and manual trip capability

acceptable.

Alternate Reactor Protection System Power Sources

The .'eactor protection system receives normal electrical power from two motor
generator sets. These sets provide isolation from the power sources for the two
logic systems and enable the sensor wiring to be electrically isolated from the
engineered safety features. Backup power to the logic is provided from the
division 1 instrument bus lA (Class IE source). This action re.*uM s in redundant
division cables (120 volt alternating current division 1 an' te vi:0 direct
current division 3) runniay in the same conduit on inst y cks ,) and C when

the alternate source is used to replace motor ganer' & s- The applicant

agrees that this situation is unacceptable and is co,,4 der' g e veral design
mcdifications. However, the resolution of the separation between @ reactor

protection system alternate power supply and civision 3 direct current Oc5 been
partially resolved by the General Electric Company which has advised the
applicant that a non-Class IE supply should be used, but the applicant has
identified two similar situations which invnive the use of a common instrument
and a common conduit for some division 2 direct current circuits and reactor
protection system wiring at the instrumert racks.
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A visual inspection of these instruments and racks indicates that it is not
possible to modify the instrument to provide two separate conduit entrances and
that there is not sufficient space on the racks to properly mount an additional
instrument and its associated calibration manifold. The physical location of
these racks does not permit the installation of additional racks. Therefore, we
are of the opinion that the present design of IH22P004 (a typical rack) presents
the best practical solution in which the opposing circuits are pulled from an
instrument in common flexible conduit for a distance of two feet and terminated in
a junction box.

The circuits are separated at this junction box and pulled through separate
conduits to the termir.ation cabinets at the top of the rack. The applicant has
tentatively agreed to assuring that this technique is used for all of the affected
circuits and racks but will not commit to this resolution until a more detailed
study of the present designs is completed. (The applicant states that he is still

considering installing an additional instrument on each rack and justifying the
use of a Class IE alterna'e source.)

The circuits which are .nvolved in a lack of ideal separation are:

a. Reactor protection system channel Al low reactor water level and high
pressure core spray system high level stop cut off (division 3 direct

current).

b. Reactor protection system channel A2 low reactor water level and high
pressure core spray system high level cut off (division 3 direct current).

c. Reactor protection system channels 81 and B2 and reactor core isolation
cooling system high level cut off.

d. Reactor protection system channel A2 and Division 2 PAM reactor vessel level
indication.

This lack of .lon for two feet in each of four racks is deemed acceptable
because:

a. The high level cut off of the high pressure core spray system and the reactor
core isolation cooling system is not required for safety.

b. The low independence of the direct current circuitry would most likely lead
to a loss of reactor protection system voltaoc *nd a half channel trip if

faulting should occur.

c. Multiple inculation faults are required to cause a circuit failure.
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d. The reactor protection system power sources are isolated from the Class IE
buss by either a motor generator set or a transformer and the batteries are
isolated from the alternating current sources by their chargers.

e. The direct current circuits include ground fault alarms and one leg of each
reactor protection system supply is grounded.

f. All affected circuits are in continuous operation and are routinely monitored
in the control room.

We will continue to pursue this issue with the appilcant and will provide the
resolution in a supplement to this report.

Backup Scram Capability

Like earlier General Electric Company product lines, this design has a backup
scra system which utilizes energy to open direct current solenoid valves. Our
review of the wiring for this function indicated that division 1 and division 2
direct current (redundant divisions) are routed in the same conduits within the
logic cabinets with the inputs to the non-Class IE process computer. In addition,
the separation between the redundant direct current divisions, which appear on the
same terminal strip, is insufficent. The applicant agrees that these are
unacceptable designs and stated that the direct current wiring will be physically
separated by distance from all other wiring or placed in separate metallic
conduits.

Cabinet Lighting

The wiring associated with the reactor protection system cabinet penetrations 187
and 194, which were identified during the site visit, was found to be in error.
Penetrations 137 and 194 are in the opposite holes. This results in the cabinet
lighting circuit in 194 crossing and becoming associated with the isolation system
wiring in 187. The applicant agreed that this is unacceptable. because the
lighting circuits are not treated as associated circuits, and stated that this
will be corrected. This matter must be resolved prior to permitting the plant to
reach criticality.

Anticipated Transients Without Scram

We have not completed our review of the anticipated transients without scram
requirements for boiling water reactors. The current status of our review of
anticipated transients without scram is described in subsection 15.2 of this
report.
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Field Modifications to Protection System

Ouring disc bns on the resolution of the separation problems which are identi-
fled above. e applicant stated that the reactor protection cabinets will be
extensively rewired in the field. In addition to correcting the problems which
have been identified by us, the applicant will remove circuitry which is not used
in the Zimmer design (prompt relief trip) and will install the logic for the
recirculation pump trip.

Motor Generator Set Protection

The applicant has been informed of the concern which has been identified by us as
a result of our review of the Hatch 2 acolication for an operating license.

This concern des s with the postulated single undetected failure of an output
voltage sensor for either motor generator set which could result in damage to the
reactor protection system components and consequently potential loss of capability
to scram.

We have also informed the applicant that, as a minimum, we will require all BWR 5
plants to implement those features and/or procedures which are required to resolve
our concern for the E. I. Hatch Unit 2.

We are waiting for detailed information on the applicant's proposed resolution of
this safety matter.

7.2.4 Evaluation

In addition to a site review, the scope of th review included the descriptive
information, functional logic diagrams, feu tional instrumentation and electrical
diagrams, final physical arrangemen urawings and schematics. The review included
the applicant's design bases and the relation to the design of the reactor trip
system. The review also included the proposed means for identification of cables
and equipment, periodic testing capability, and the qualification test program
results for demonstrating the suitability of the reactor trip system.

With the exception of adequate physical separation and electrical isolation within
the protection panels and cabinets, and the concern discussed in subsection 7.2.3
above, our review indicates that the applicant's designs for the reactor trip
system and supporting systems satisfy the Commission's requirements as set forth
in the General Design Criteria and to applicable regulatory guides, branch
technical positions, and industry standards and are therefore acceptable. The
Commission's requirements are listed in Table 7-1 of the Standard Review Plan. We
will verify proper implementation of the resolutions outlined above and report our
findings in a supplement to this report.
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7. 3 Engineered Safety Features Systems

7.3.1 General Discussion

Section 7.3 of the Final Safety Analysis Report describes the portion af the
protection system used to initiate and control operation of the engineered safety
features systems and their auxiliary supporting systems. The descriptive informa-
tion, functional control diagrams, piping and instrument diagrams, electrical
r aematics and physical arrangement drawings, as presented in the Final Safety
Analysis Report, were reviewed. The objective of our review was to determire that
the engineered safety feature systems satisfy applicable design criteria and will
perform as intended during all plant operating conditions and accident conditions
for which its function is required.

7.3.2 General Findings

We evaluated the design and implementation of the engineered safety features
systems and conclude that the designs meet the Commission's requirements identi-
fied in subsection 7.1.2 of this report and (except as noted in subsections 7.1.3,
7.2.3 and in the following paragraphs of this report) are therefore acceptable.

7.3.3 Specific Findings

Surveillance Testing

The validity of the models used as bases for the surveillance frequency in the
Final Safety Analysis Report Appendix 6A was reviewed during our audit of the
associated emergency core cooling system schematics. We find that the methods

used and the results form an acceptable basis for establishing the surveillance
frequency. The basis for this finding is that the calculations result in test
intervals which are equal to or less than those which have been established in
the Standard Technical Specifications which have been previously reviewed and
approved for similar plants such as Hatch 2.

Initiation Logic for Engineered Safety Features Systems

The basic design of the initation and control systems for the engineered safety
features systems is identical to the designs used for Hatch 2 with the exception
of changes to satisfy the requirements of Institute of Electrical and Electronic

Engineers Standard 279-1971. These changes are included in the Zimmer designs.
The designs provide redundant equipment for manual initiation of protective
actions, at the system level, for the emergency core c M ing system and the
containment and reactor vessel isolation control systems. Our review found and we
conclude that the designs satisfy the acceptance criteria identified in
Section 7.1.2 of this report and are therefore acceptable with the exception of
discrepancies noted in subsections 7.1.3 of this report.
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Emergency Core Cooling System

The applicant's Final Safety Analysis Report states that the emergency core
cooling system includes the following subsystems: (1) high pressure core spray
system, (2) automatic depressurization system, (3) low pressure core spray system,
and (4) low pressure coolant injection mode of the residual heat removal system.

The purpose of emergency core cooling system instrumentation and controls is to
initiate appropriate responses from the system to ensure that the fuel is
adequately cooled in the event of a design basis accident. The cooling provided
by the system restricts the release of radioactive materials from the fuel by
preventing or limiting the extent of fuel damage following situations in which
reactor coolant is lost from the nuclear system. The emergency core cooling
system instrumentation is designed to detect a need for core cooling systems
operation, and to initiate the appropriate actions. Successful core cooling for a
specified line break accident is depicted in Figure 7.3-1 of the Final Safety
Analysis Report for small line breaks: (1) the depressurization phase is
accomplished by the high pressure core spray system, automatic depressurization
system A or automatic depressurization system 8, and (2) the low pressure core
cooling phase is accomplished by low pressure core spray system, any two residual
heat removal system pumps or the high pressure core spray system.

Similarly, the large break model uses the low pressure core spray system, the high
pressure core spray system or the three residual heat removal system pumps for
successful core cooling.

As a result of the response to acceptance review Request 222.14 and in accordance
with the assumptions and results of the Final Safety Analysis Report, Appendix B
and Chapter 15, it is our position thct the reactor core isolation cooling system
is also an engineered safety feature because it is required to be redundant to the
high pressure core spray system to provide early core cooling in the event of a
control rod drop accident at power. The reactor core isolation cooling system did
not have a seismic Category I water source. The applicant did not agree with our
position; however, the design was modified to provide automatic transfer to the
suppression pool. This design change results in a reactor core isolation cooling
system which satisfies our acceptance criteria.

Fill Pumps

Each subsystem of the emergency core cooling system, with the exception of the
automatic depressurizatian system, is provided with a fill pump to keep the pump
discharge piping full. The design basis for the fill system is to prevent water
hammer when an emergency core cooling system pump is started. The fill pumps are
powered from the same division as their respective emergency core cooling system
pumps. System pressure monitoring is provided to alert the operator as to fill
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pump status. These fill pumps are under manual control and are listed in the
Final Safety Analysis Report, Chapter 8, as normal and emergency electrical loads.
We find that, based on past experience with equipment of this quality, that the
electrical part of the system will perform its design function and is therefore
acceptable.

Hign Pressure Core Spray System

The high pressure core spray system is a division 3 emergency core cooling system.
The hioh pressure core spray system is designed to provide and maintain coola.it
inventory inside the reactor vessel to maintain cladding temperatures below frag-
mentation temperature in the event of breaks in the reactor coolant pressure
boundary. The system is initiated by either high pressure in the drywell or low
water level in the vessel. It is designed to coerate independently of all other
systems over the entire range of reactor coolant pressure. The high pressure core
spray system pump mctor is powered by a diesel generator which is independent of
other emergency core cooling systems if offsite power is not available, and the
s, stem may also be used as a backup for the reactor core isolation cooling system
for isolation cooling and the rod drop accident. Our review found that the design
satisfies the applicable regulatory requirements given in Table 7.1 of the
Standard Review Plan and, therefore, the design is acceptable except for some of
the previously listed " repetitive" problems which are listed in subsections 7.1.3
and 7.2.3 of this report. We will pursue these concerns and will provide the
resolution in a supplement to this report.

Low Pressure Core Spray System

The low pressure core spray system is a division 1 emergency core cooling system.
It consists of one independent pump and the valves and piping to deliver :ooling
water to a spray siarger over the core. The system is actuated by conditions
indicating that a t; teach exists in the reactor coolant pressure boundary, but
water is delivered to the core only after reactor vessel pressure is reduced.
This system provides the capability to cool the fuel by spraying water into the
fuel channels. The low pressure core spray system functioning in conjunction with
the automatic depressurization system is designed to maintain the fuel cladding
below fragmentation temperature. Our review found that the design satisfies the
applicable regulatory requirements given in Table 7-1 of the Standard Review Plan
and, therefore, the design is acceptable with the exception of some of the
previously listed " repetitive" problems which are listed in subsections 7.1.3 and
7.2.3 of this report. We are pursuing these issues and will provide the
resolution in a supplement to this report.
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Low Pressure Coolant Injection

The low pressure coolant injection system serves the following functions: (1)
emergency core cooling by coolant injection to the core, (2) emergency core
cooling by containment spray, and (3) residual heat removal.

Low pressure coolant injection is an operating mode of the residual heat removal
system described in subsection 7.4.2 of this report, but it also acts as an engi-
neered safety feature in conjunction with the other emergency core cooling
systems. The low pressure coolant injection system uses the pump loops of the
residual heat removal system to inject cooling water directly into the pressure
vessel. The low pressure coolant injection system is actuated by conditions
indicating a breach in the reactor coolant pressure boundary, but water is
delivered to the core only after reactor vessel pressure is reduced. The low
pressure coolant injection system operation is designed to provide the capability
of core reflooding following a loss-of-coolant accident in time to maintain the
fuel claoa ng below final acceptance criteria limits.

Low pressure coolant injection system A is powered from division 1 and receives
its initiation signals from the low pressure core spray system. Low pressure
coolant injection system B and low pressure coolant injection system C are powered
from division 2 and have their own shared initiation logic. Our review found that
the design satisfies the applicable regulatory requirements given in Table 7-1 of
the Standard Review Plan and, therefore, is acceptable with the exception of some
of the previously listed " repetitive" problems which are listed in subsections 7.1.3
and 7.2.3 of this report, and the problem related to " Containment Spray" noted below.
We will report on the resolution of these matters in a supplement to this report.

Containment Spray

The suppression pool spray was originally manually controlled with an interlock
requiring that the injection valve be closed. We completed our review of the
containment bypass leakage capability and as a result require automatic actuation
of the spray system. We will review the electrical system which is provided for
automatic actuation and report on this matter in a supplement to this report.

Heat Exchangers

Two residual heat removal system heat exchangers are provided. Heat exchanger lA

normaly receives cooling from service water pump IW50lPC (division 2) or 1WSOP0
(division 3) and is isolated by normally closed inlet and outlet valves powered
from division 1. Heat exchanger 1B normally receives cooling from service water
pump IWS0lPA (division 1) or 1WSPlPB (division 2) and is isolated by normally
closed valves which are powered from division 2. The two service .r loops are

cross-tied by a normally closed and locked out valve which is powered from
division 1. Because of this design and the fact that only two pumps 1WS01PB and
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1W501PD are automatically sequenced onto the diesel gentrators, we informed the
applicant that the limiting conditions for operation in several of the proposed
technical specifications are unacceptable. We are pursuing the matter of
technical specifications and will provide the resolution in the issuance of the

technical specifications to be a part of the operating license.

Automatic Depressurization System

The automatic depressurization system is designed to provide a means for opening
the safety / relief valves in sufficent time so that the low pressure coolant
injection system or low pressure core spray system can serve to mitigate against a
small break. The concept is similar to that provided on earlier plants; however,
the implementation is greatly improved in the area: of separation and testing.
Each automatic depressurization system valve is controlled by three solenoid
operated air valves and an associated air accumulator system. Two solenoids and
an accumulator are associated with division 1 and the third with a separate
accumulator are associated with division 2. In each division, one set of loQic

and one solenoid is used to initiate the automatic depressurization ',ystem
function. Either division can open an automatic depressurization system valve on
a combination of high drywell pressure, low vessel water level, confirmation that

low pressure Coolant injection system or Iow pressure Core spray system pump isd

running, and a 120-second time delay. The third solenoid (in division 1) is used
in the relief function and for ranual depressurization. Each sensor and the timer
can be tested during normal operation because the final logic is an "and" function
(e.g., low level in channel A after 120 seconds and low level in channel D to

initiate). Continuity lights are provided in parallel with each pair of logic
relay contacts. If a solenoid burns out or logic power is lost, both lights
extinguish and an alarm sounds. If a single relay closes its light goes out and
the other light brightens. If both relays close, both lights extinguish and a
different alarm sounds. Additional red and green lights and a plant process
computer printout indicate the state to which each automatic depressurization
system valve has been ordered by its logic. Each electrical penetration is
protected by a 10-ampere fuse and fully coordinated with the 125 volt direct
current bus protection.

Our review found that the autom; tic aepressurization system satisfies the
requirements of the applicable criteria in Table 7-1 of the Standard Review Plan
and therefore the design is acceptable.

Prisary Containment and Reactor Vessel Isolation Control System

The primary containment and reactor vessel isolation control system is designed to
automatically initiate closure of isolation va M s to close off all potential
leakage paths for radioactive material to the environs.. This action is taken upon
indication of a potential breach in the nuclear system process barrier. The basic
design is similar to that employed on previous plants such as Hatch 2; however,
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some of the initiation sensors and their signal processing equipment are different.
The following subsections discuss specific concerns which have been encountered
during our review.

Power Sources

The isolation system logic is powered from the reactor protection system motor
generator sets and the valves are poviered from division 1 and division 2 emergency
buses or the reactor protection system motor generator sets. Because of the pro-
blems which have been discussed in subsection 7.2.3 of this report. We were con-
cerned that the inboard and outboard isolation valves may not have adequate
physical separation and electrical independence. The proposed resolution of this
issue is presented in subsection 7.2.4 of this report.

Temperature Monitoring
power Sources

Two redundant leak detection temperature monitoring systems are provided. One is
for the inboard and one is for the outboard isolation valves. Each system has two
channels which share calibration equipment. Each system is powered from a separate
Class IE instrument bus. We were concerned that the power supply from both bus lA
and 1B in cabinet 1H13-P642 may compromise the electrical independence and physical
separation unless power supply 1E31-K600 is qualified as an isolation device. We
will pursue this issue and will provide the resolution in a supplement to this
report.

Calibration

The design of this system presents a potential improvement over previous designs
in that thermocouples are used instead of temperature switches (which were
difficult to calibrate). The nr., equipment is designed to permit each thermo-
couple to be compared with every other thermocouple measuring the same parameter,
to have u converter standardized, and to inject test signals to the trip

bistable for setpoint calibration. We find this aspect of the system design to
be acceptable.

Main Steam Line Isolation Valve Testing

The design of the isolation system and its integration into the overall plant
design requires that the main steam line isolation valve close in not less than
three seconds nor more than five seconos. The testing schema which has been
proposed is designed to demonstrate valve operability. This scheme is adequate
for demonstrating acceptable (i.e. 3<t<5 seconds) closing time limits in the
technical specifications.
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Feedwater Isolation Valve Control

The feedwater pumps are driven by steam turbines. The feedwater line is isolated
on both sides of the drywell penetration by check valves and a motor-operated
isolation valve upstream of the outboard check valve. This motor-operated valve
has a 40-second stroke time and is manually controlled.

Other boiling water reactor designs such as Hatch 2 with this arrangement have
been found to be acceptable because: (1) the design satisfies the single failure
criterion, and (2) the design permits the use of the steam-driven feedwater pumps
to supplement the reactor core isolation cooling system when the reactor becomes
isolated. On this basis we also find the Zimmer feedwater isolation valve control
to be acceptable.

Standby Gas Treatment System

The standby gas treatment system consists of two identical filter trains, two
identical sets of recirculation fans, and interconnecting ductwork for the
station. Either train alone is designed to be capable of exchanging the total
reactor building volume once in a 24-hour period. Each filter train contains
electric heaters, a prefilter, high efficiency particulate filters (water-
resistant and fire-resistant), and iodine filter (high ignition temperature),
instrumentation to measure flow, and a pair of recirculation fans connected to the
reactor building ventilation supply and exhaust duct system. The system is
designed to maintain a slightly negative internal building pressure and process
all gaseous effluent prior to its discharge from the standby gas treatment vent
stack. All equipment is connected to the essential buses and is desig1ed to start
either automatically or manually from the control room.

Subject only to the completion of the seismic qualification program as stated in
subsection 3.10 of this report, we find the design to be acceptable.

Control Room Heating, Ventilation and Air Conditioning System

The control room heating, ventilation and air conditioning system is designed to
maintain proper air quality for personnel comfort and safety under all station
conditions. All air distribution systems are designed so that airflow is directed
from areas of lesser potential contamination to areas of progressively greater
potential contamination. The system supplies filtered and conditioned air to the
control room, auxiliary electrical equipment room, computer room and miscellaneous
offices. The system consists of two 100 percent air conditioning systems, one of
which is normally operating and one of which is normally on standby.

The control room heating, ventilation and air conditioning system has three air
intakes. Two of these intakes are designed to provide sufficient air for control
room pressurization and are isolated by two dampers in series. The third intake
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is designed to provide sufficient air to both trains for purging smoke and appears
to be isolated by a single damper. We determined during the review that the
outside air intakes are also isolated by a third set of dampers at the inlet to
the filter trains. Therefore, the design of the three air intakes damper arrange-
ment does satisfy the single failure criterion and is, therefore, acceptable.

The design of the init|ation logic was modified in the Final Safety Analysis
Report Revision 29, to include redundant ammonia detectors. We requested that
this detection system be described in the Final Safety Analysis Report as required
by Section 7.6 of the Standard Format for Safety Analysis Reports. This informa-
tion was supplied in Revision 33, except for the information on seismic and
environmental qualification of the detection system. The environmental informa-
tion was provided in Amendment 34. Therefore, subject only to the completion of
the seismic qualification program as stated in subsection 3.10 of this report, we
find the design of this system to be acceptable.

Station Service Water System

Service water is supplied from service water pump as shown in the Final Safety
Analysis Report, Figure 9.2-1. Four service water pumps are provided for the
plant. The system is designed to rernove heat from various equipment located
within the plant. The system consists of two subs, stems, one of which is
essential and the other nonessential. The essentitI subsystem is an engineered
safety feature providing service water to the residual heat removal system,
reactor building closed cooling water system and diesel generator heat exchangers.
The nonessential subsystem furnishes service water to the turbine building,
traveling screens and other plant buildings and is automatically isolated from the
essential system upon low pressure in the essential system. This isolation system
satisfies the requirements for Class IE service.

Our review of the service water system logic indicated that the diesel generator
load sequences have a significant impact oa this system. Our review include
schematics and logic drawings for the sequencers and indicates that the design of
the sequencers is consistent with the information for the controlled systems and
that the sequencers are similar to those provided and approved by us for Calvert
Cliffs Units 1 and 2. Therefore, we find the design of this system to be
acceptable.

Reactor Building Closed Cooling Water System

The reactor building closed cooling water system unsists of four pumps, three heat
exchangers, and control and instrumentation to provide adequate cooling for the
essential reactor auxiliary systems. This equipment is provided to ensure adequate
cooling capacity during both normal and accident conditions including the design
basis loss-of-coolant accident. Two of the four pumps and two of the three heat

exchangers are provided for the combined accident situation of a loss-of-coolant
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accide.? ano a loss of offsite power. It is similar to previously reviewed
plants that we have approved such as Clinton. As a result of our review we find
the design to be acceptable subject only to the completion of the seismic qualifi-
Cation progrant as stated in subsection 3.10 of this report.

Combustible Gas Control System

The combustible gas control system consists of a hydrogen recombiner and the
equipment required during the accident mode of the containment purge system. The
recombiner is designed to be manually started to prevent the hydrogen oxygen level
within the primary containment f rom exceeding the flammabill' limit in the event
of a loss-of-coolant accident. To provide a high degree of reliability, redundant
valves, fans and electric heaters are providad. Redundant components, controls
and instrumentation are powered from separate Class IE buses.

The process gas stream is cooled by the after-cooler prior to injection into the
containment. The instrumentation which monitors the temperature of this cooler is
not redundant and we expressed the concern that an undetected failure could result
in returning heated gas which could increase containment pressure beyond design
conditions. The response stated that sufficient Class IE instrumentation is
available to monitor the secondary (cooling) side flows to demonstrate proper
operation. Our review verified this response and we find it acceptable.

The applicant described the environmental and seismic qualification program test
procedures and results by incorporation of General Electric Company Topical Report
NEDE-23597, " Qualification Report - Flammability Control System," into the material
submitted for review. Our review of the subject report reveals that it is possible
for contaminated steam to condense in the blower casing. The manufacturer recom-
mends that the blower be periodically shutdown and drained. We questioned the
safety of such operation and requested additional information on shielding of
personnel access to the drain valves and the disposal of the contaminated effluent
water and gas. General Electric Company responded by stating that the procedure
could be accomplished from the control panel by shutting down the blower and
opening the recirculation line. This action permits the blower to drain by gravity
to the suppression pool via the return line. This design is, therefore,
acceptable.

7.3.4 Evaluation

The engineered safety feature systems include the instrumentation and controls
used to detect a plant condition requiring operation of an engineered safety
feature system, to initiate action of the engineered safety feature, and to
control its operation. The scope of review included single line diagrams and
schematic diagrams and descriptive information for the engineered safety feature
and for those auxiliary supporting systems that are essential to the operation of
tne engineered safety features systems. The review included the Final Safety
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Analysis Report design criteria and design bases for the engineered safety feature
and the instrumentation and controls of auxiliary supporting systems, and the
analysis of the adequacy of those criteria and bases. The review also included
the Final Safety Analysis Report analyses of the manner in which the design of the
engineered safety feature and auxiliary supporting systems conforms to the design
criteria.

The basis for acceptance in our review is conformance of the designs, design
criteria and design bases for the engineered safety features actuation systems and
necessary auxiliary supporting systems to the Commission's regulations as set
forth in the General Design Criteria, applicable regulatory guides, branch
technical positions and industry standards. These are listed in Table 7-1 of the
Standard Review Plan.

With the exception of the specific issues presented in subsections 7.1.3, 7.2.3
and 7.3.3 we conclude that the implementation of the engineered safety features
systems conforms to all applicable regulations, guides, branch technical positions
and industry standards and are, therefore, acceptable.

7.4 Systems Required for Safe Shutdown

7.4.1 General Discussion

The systems in the Final Safety Analysis Report, Section 7.4, are those instrumen-
tation and control systems associated with parts of the nuclear steam supply
system used to achieve and maintain a safe shutdown condition of the plant. We
review this information as detailed in the Standard Review Plan, and also deter-
mines the adequacy of the information presented with reference to the information

requirements of the corresponding section of the Standard Format for Safety
Analysis Reports.

7.4.2 General Findings

The following systems i. ave been identified as required for safe shutdown: (1)
reactor core isolation cooling system, (2) standby liquid control system , (3)
reactor shutdown cooling system, and (4) remote shutdown system (see subsection
7.5 of this report).

Our review of the systems identified as required for safe shutdown included the
applicable design criteria design, Dases, and descriptions which are identified in
subsection 7.1.2 of this report. With the exception of some of the " repetitive"
issues which are identified in subsections 7.1.3, 7.2.3 and 7.3.3 of this report,
we conclude that these systems are acceptable.
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7.4.3 Specific rindings

Reactor Core Isolation Cooling System

The reactor core isolation cooling system was classified as a system required for
safe shutdown. We did not agree with this classification because the Operational
Analysis final Safety Analysis Report, Appendix 8 also states that it is required
to mitigate the consequences of a control rod drop with the failure of the high
pressure core spray system. The resolution of this matter is given in subsection
7.3 of this report.

Residual Heat Removal System

The equipment which is used for residual heat removal is composed of the same
pumping equipment discussed in subsections 7.3 of this report. This equipment is
augmented by a single suction line to one of the two reactor recirculation loops,
steam pressure reducing valves for use cf the emergency core cooling system heat
exchangers to condense steam when the main condenser is not in use, a pressure
vessel head spray to help reduce vessel pressure, and the associated instrumenta-
tion, valve interlocks and controls. The suction line is isolated by two valves
in series. The inside drywell valve is powered from division 2 alternating
current and the outside valve is powered from division 1 direct current. These
valves satisfy Branch Technical Position Electrical Instrumentation and Centrol
Systems Branch-3 (Standard Review Plan Appendix 7A) except that diverse pressure
interlocks are not providad. However, inputs for interlocks from the leakage
detection system, excess flow trips, and containment isolation signals which are
diverse are provided. The entire system of pumps hacked up by the reactor core8

isolation cooling system for the early stages of reactor cooldown. In concept the
system is similar to previous operating boiling water reactors and satisfies the
applicable criteria of Table 7-1 of the Standard Review Plan and, when the out-
standing issues whic1 are identified in subsections 7.1.3 and 7.3.3 of this report
are resolved, will be acceptable to us subject only to the completion of the
seismic qualification program as stated in subsection 3.10 of this report.

Standby Liquid Control System

The standby liquid control system is the same as that presented in past applica-
tions; except that the design has been improved by powering the heaters from two
independent onsite sourcas. We find this design acceptable.

7.4.4 Evaluation

The review of systems required for safe shutdown included the sensors, initiating
circuitry, logic elements, interlocks, redundancy features, actuated devices and
auxillaries that provide the instrumentation and control functions that prevent
the reactor returning to criticality and provide means for adequate residual heat
removal from the core, containment and other vital components and systems. The

7-18



scope of review of systems required for safe shutdown for the plant included
single line diagrams and schematic diagrams and descriptive information for these
systems and for auxiliary systems essential for their operation. The review
included the design criteria, design bases and analyses. The review also included
the Final Safety Analysis Report analyses of the manner in which the design of
these systems and their auxiliary supporting systems conforms to the propo pa
design criteria.

The basis for acceptance in our review is conformance of the design, design
criteria and design bases for systems required for safe shutdown and essential
supporting auxiliaries to the Commission's regulations as set forth in the General
Design Criteria, applicable regulatory guides, branch technical positions, and
industry standards. These are listed in Table 7-1 of the Standard Review Plan.
With regard to Electrical Instrumentation and Control System Branch-3, we noted
that this position was not applied to the construction permit review and that
diverse interlocks other than pressure are provided.

We conclude that the design of systems required for safe shutdown conform to the
applicable regulations, guides, technical positions and industry standards and are
acceptable subject to resolution of the outstanding issue regarding the emergency
core cooling system, as defined in subsections 7.1.3 and 7.3.3 of this report.

7. 5 Safety-Related Display Instrumentation

7.5.1 General Discussion

Information presented in Final Safety Analysis Report, Section 7.5, describes the
design of safety-related display instrumentation required for safe functioning of
the plant during operating and accident conditions. We review this information as
detailed in the Standard Review Plan, and also determines the adequacy of the
information presented with reference to the information requirements of the corre-
sponding section of the Standard format for Safety Analysis Reports.

7.5.2 General Findings

The systems which provide input to the safety-related displays satisfy the applic-
able requirements of Table 7-1 in the Standard Review Plan. However, many of
these systems suffer from some of the " repetitive" problems which are dicussed in
subsections 7.1.3, 7.2.3 and 7.3.3 of this report.

7.5.3 Specific Findings

Tables of System Variables and Components to be Indicated and Recorded

The review of the instrumentation identified that the Final Safety Analysis Report
does not provide a table of variables and components to be indicated and recorded.
The accuracies and ranges of most instruments have not been indicated within the
text of the Final Safety Analysis Report; however, sonie of this information is

7-19



available in the indis;;ual system dra.ings. The following systems are identifiet.
in Section 7.5 of the Final Safety Analysis Report.

Reactor Water tevel

(1) Two wide-range instruments monitor reactor level from the top of the active
fuel to the top of the feedwater control range (366.75 inches to 576.75
inches above cold vessel zero). The water level transmitters are most
accurate at operating temperature and pressure and are only required for
upset operations under these conditions. Each channel is powered from a
separate Class IE source and both signals are recorded on separate recorders.
The review found that this instrumentation is typical of previous boiling
water reactors approved by us (e.g. Hatch 1) and is, therefore, acceptable
to us.

(2) Two independent shroud water level instruments are provided. One is
indicated and one is recorded. The signals represent vessel level from near
the bottom of the active fuel to over the top of the active fuel (202.5
inches to 402.5 inches above cold vessel zero). The transmitters are
uncompensated for variation in density and are calibrated to be most accurate
at atmospheric conditions. These conditions are those expected during the
post loss-of-coolant accident injection recovery. The review found that this
instrumentation is typical of previous boiling water reactors and is,
therefore, acceptable to us.

Reactor Pressure

Two reactor pressure signals are provided by two independent pressure transmitters
and are recorded on the second pen of the separate wide range water level
recorders. The range is O pounds per square inch gauge to 1500 pounds per square
inch gauge. The accuracy is unknown to us but the Final Safety Analysis Report
indicates it is the same as Hatch 1. We are pursuing the matters of the range and
accuracy of all sensors which are required for safety (see subsection 7.1.3 of
this report regarding safety system set points) and will provide the resolution in
the final technical specifications to be a part of the operating license.

Drywell Pressure Monitoring

The Final Safety Analysis Report Section 7.5.1.4.2.4(a), indicates two drywell
pressure signals are provided by two independent pressure transmitters and indi-
cated in the control room. This indication is also available at the remote
shutdown panels but neither channel is recorded. This design satisfies the
construction permit commitments and is acceptable.

One area of concern was identified by us during discussions with the applicant for
the resolution of the suppression pool spray design problem (see subsection 7.3 of
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tnis report). Tne resolution wnich nas been proposeo oy the applicant requires
monitoring of drywell pressures up to at least 35 pounds per square inch gauge.
However, the present instrumentation for pressure monitoring is limited to a range
of 0 pounds per square inch gauge to 25 pounds per square inch gauge (Final Safety
Analysis Report Table 7.3-5). the applicant stated tnat two new sensors of
suitable range and accuracy will be added to the present design. We are pursuing
this matter and will provide the resolution in the final technical specifications
to be a part of the operating license.

Drywell and Suppression Pool Temperature

The drywell atmosphere and suppression pool temperature are each monitored by four
sensors. Two sensors monitor the temperature above the suppression pool surface
and two tensors monitor the pool water temperature. One sensor in each pair is
indicated and the other is recorded.

Emergency Core Cooling

The Final Safety Analysis Report pages 7.5-3 and 7.5-4, list the information which
is furnished to the control room operator to permit assessment of reactor
shutdown, isolation and availability of emergency core cooling following the
postulated accidents.

We evaluated this information. The results of our review indicate that:

(1) The information contained in a.1 and a.2 on the Final Safety Analysis Report
page 7.5-3 contradicts the information contained in the applicant's descrip-

tion of the reactor manual control system, which indicates that the power
source for item a.1 is instrument bus 1B and item a.2 is powered from the

non-Class IE reactor protection system motor generator sets. This design may
not satisfy the single failure criterion because a failure in division 2

coincident with a loss of offsite cower would result in a loss of all rod
insertion indication.

(2) The annunciators and process computer are not Class IE.

As a result of our findings, we concluded that provisions for monitoring reactor
shutdown were not acceptable. The applicant was informed that equipment which has
not been designed and qualifi(d to the requirements for Class IE service cannot be
relied upon as a basis for the protection of public health and safety.

The applicant has proposed that the rod position information system power source
be transferred to the computer uninterruptable power supply in order to resolve
our concern. We find that this supply and the rod position information system can
form a suitable substitute for the rod bottom information which is processed via

the reactor manual control system and the division 2 alternating current instrument
bus (bus 18) if it is properly implemented. Furthermore, the use of the plant
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process computer for post accident monitoring was found acceptable in the cons-
truction permit Safety Evaluation Report.

Therefore, we have requested that the applicant provide revised drawings, which
show these changes, for our review. We will pursue these issues with the
applicant and provide the resolution in a supplement to this report.

Suppression pool Level

In our review of tne resolution of the question of passive failures following a
loss-of-coolant accident, we expressed concern about the adequacy of the leakage
detection systems for the emergency core cooling system pumps and valves.

Because the Class If area temperature monitors which initiate containment
isolation have setpoints which are higher than the temperature that the
containment effluent reaches after the first 24 hours (approximately), and because
the reactor building and emergency core cooling system sump pump leakage
instrumentation systems are not Class IE, we concluded that the suppression pool
level indication system is the only reliable method for detecting leakage out of
the emergency core coolin; .ystem after a loss-of-coolant accident. Therefore, we
requested additional information be provided on the suppression pool level
indication system. The response indicates that a 50 gallons per minute leak can
be detected in one hour and would be indicated as a one-inch drop in suppression
pool level. Evaluation of this system is provided in subsection 6.3.2 of this
report.

Seismic Qualification of Indicators and Recorders

Some of the indicators and recorders which are used in the design for post-
accident monitoring are qualified for proper operation af ter a seismic event.
This design feature is in accordance with the applicant's Preliminary Safety
Analysis Report commitment to satisfy Institute of Electrical and Electronic
Engineers Standard 279-1971. In view of this and other improvements (in terms of
redundancy and physical separation) which the design provides in post-accident
monitoring, our review found that this aspect of the design is acceptable.

Display of System level Automatic Bypass Indication

The construction permit issuance preceded the issuance of Regulatory Guide 1.47,
" Bypassed and Inoperable Status Indications For Nuclear Power Plant Safety Systems."
Our review of the information presented in Final Safety Analysis Report, Section 7.8,
and some of the schematic diagrams of Final Safety Analysis Report Sections 7.2
and 7.3 indicate that the design satisfies the objectives of the Regulatory
Guide 1.47.
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Provisions for Remote Shutdown

The major provisions of the design which are included to meet the requirements of
General Design Criterion 19 for shutdown from outside of the control room are:
(1) the provision of remote shutdown panels in Class IE switchgear rooms A and B,
and (2) the provision of the capability to initiate reactor scram via panel
IC71-P001 in the auxiliary equipment room.

The provision of two separate and independent remote shutdown panels presents a
significant improvement over previously licensed designs and, conceptually, is a
desirable design feature. We find tnat this aspect of the design is acceptable.

7.5.4 Evaluation

The safety-related display instrumentation provides the operator with information
on the status of the plant to allow manual safety actions to be performed whenever
necessary and to assess the condition of the plant during post-accident conditions.
The scope of review of safety-related display instrumentation included description
of system variables and component states to be indicated, functional control
diagrams, electrical anti physical layout drawings, and descriptive informaton.
The review included the design criteria and design bases, including that for
indication of bypassed or inoperable safety-related systems. The review also
included the Final Safety Analysis Report analyses of the manner in which the
design of safety-relateo display instrumentation conforms to the design c*iteria.

The basis for acceptance in our review has been conformance of the designs for
safety-related display instrumentation to the Comission's regulations as set
forth in the General Design Criteria, applicable regulatory guides, branch
technical positions and industry standards. These are listed in Table 7-1 of the
Standard Review Plan. Resolution of the matters described above will be reported
in a supplement to this report.

7. 6 All Other Instrumentation Systems Required for Safety

7.6.1 General Discussion

The group of instrumentation systems described in Final Safety Analysis Report,
Section 7.6, are those required for safety that are not identified as part of the
reactor protection system, engineered safety features systems, safety-related
display instrumentatian systems, or systems required for safe shutdown. We review
this information as detailed in the Standard Review Plan, and also determines the
adequacy of the information presented with reference to the information require-
ments of the corresponding section of the Standard Format for Safety Analysis
Reports.
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7.5.2 Ceneral findings

The instrumentation systems required for safety in the design satisfy the appli-
cable requirements of Table 7-1 in the Standard Review Plan. However, many of
these systems are subject some of the " repetitive" problems which are discussed in
subsections 7.i.3, 7.2.3 and 7.3.3 of this report. As a result of these
" repetitive" problems, we have not been able to complete our review. However, we
will pursue these issues and will provide the resolution of these issues in a
supplement to this report.

7.6.3 Specific Findings

Refueling Interlocks

The refueling interlock system is similar to that of the other boiling water
plants such as Hatch 2 except that tha reactor manual control system is different
from all previously licensed facilities. Because the reactor manual control
system has been found acceptable (see Section 7.7.3 of this report), we find the
design of these interlocks to be acceptable too.

Reactor Vessel Instrumentation

Our review determined that the reactor vessel instrumentation is the same as Hatch
I with the exception of -hanges in range for this design which increase instrument
sensitivity, improvements in separaticq of instrument lines, improved routing of
instrument lines to give better drainage, improved recording techniques, and
reduction of unnecessary temperature compensation. Based on this review, we find
this aspect of the design acceptable.

Leak Detection System

Our review of the leak detection system indicates that this system has the same
design basis as previously licensed boiling water reactors (e.g., Hatch 2). As a
result, the subsystems which have been clearly identified as required for safety
(those which initiate isolation of pressure vessel or drywell or initiate ventila-

tion system isolation or the standby gas treatment system) were reviewed and
evaluated with other engineered safety features systems. The result of this
aspect of our review is presented in subsection 7.3 of this report. The basis for
accepting the non-Class IE parts of this system is discussed in subsection 5.2.5
of this report.

Reactor Water Cleanup System

The reactor water cleanup system recirculates a portion of reactor coolant through
a filter demineralizer to remove particulate and dissolved impurities from the
reactor system under controlled conditions.
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We reviewed the iristrumentation and control to assure that the inlet line would be
automatically isolated in the event of a loss of reactor coolant and upon initia-
tion of the standby liquid control system. As a result of our review we determined
that the isolation of this system is initiated tf the equipment described in
subsections 7.3 and 7.4 of this report and is, t..aefore, acceptable.

Neutron Monitoring System

Our review found that the neutron monitoring system for the Zimmer station is similar
to all previous designs, which have been approved by us since Dresden Unit 2,
except in the following areas.

Source Range Equipment

The source range equipment is similar to previous designs as noted above. However,
the equipment is housed in an interconnected series of instrumentation racks which
houses all of the other nuclear instrumentation, the rod block monitor, and the
process radiation monitoring equipment which initiates reactor building and fuel
pool isolation. Furthermore, the relays which provide trip and alarm isolation
for the source range, intermediate range and process radiation monitoring equip-
ment are housed in these racks. Our physical examination of these racks disclosed
that the safety inputs and isolated alarm relay outputs are bundled togetner in
each of the four auxiliary trip units. The applicant was informed that this
appears to present an unacceptable violation of their separation criteria, and we
requested the wiring diagrams for these units so that we could further evaluate
the impact on public health and safety. We will pursue this matter and will
provide the resolution in a supplement to this report.

Intermediate Range Monitor

As mentioned in the preceding subsection, we have not completed the review of the
nuclear instrumentation system. We will provide the results of our review in a
supplement to this report.

Rod Block Monitor

Our review of the rod block monitor identified the following concerns: (1) the
four flow monitors are interconnected by armored cable and shielded cables. In
addition, there are open spaces around the cables which penetrate fire barriers
between redundant channels; (2) both rod block monitor channels are connected by
data buses which are enclosed in a metal shield and run along the top of the
cabinet; (3) the rod block monitor is a modified design and contains multiplexing
circuitry which interfaces with the new reactor manual control system; and (4) the
rod block monitor is assumed to function in the safety analyses of the Final
Safety Analysis Report, Chapter 15. The Final Safety Analysis Report states that,
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"The RBM for Zimmer is designed to the same criteria as for Duane Arnold, which
does not include criteria for a reactor protection system."

The applicant was informed that item (1) noted above is unacceptable and the
applicant offered to provide suitable cable penetrations of these barriers. We
advised that no action should be takan until the other concerns were resolved. We
will provide the resolution of this item in a supplement to this report.

We informed the applicant that item (2) may not be acceptable from a fire protec-
tion standpoint and further evaluation will be performed as a part of the fire
review. The resolution of this concern will be provided in the fire protection

safety evaluation report (see subsection 9.5 of this report).

We required that, because of the new circuitry which is involved in interfacing
the rod block monitor with the new reactor manual control system, the Final Safety
Analysis Report Volume lla be augmented with the schematic, logic and wiring
diagrams of all of the nuclear instrumentation and radiation monitoring panels.
These diagrams should be of sufficient detail to show the interfaces between the
radiation monitoring, source range monitor, intermediate range monitor, averige
power range monitor and rod block monitor, and all inputs and outputs (including
bypass switches). We will review these drawings and will provide the resolution
of item (3) in a supplement to this report.

The applicant was informed that, "It is the staff's position that the RBM is a
protection system and must be designed, fabricated, installed, tested and
subjected to all of the design criteria which are applicable to a reactor trip
system. Revise the FSAR to reflect the importance of the RBM in accordance with
the requirements of Section 7.2 of the Standard Format." The applicant also was
informed that our position is supported by the fact that after its 109th meeting,
May 8-10, 1969, the Advisory Committee on Reactor Safeguards indicated its concern
"that the rod block monitor system can perform an important safety as well as
operational function and that incorporation of such a system, or its equivalent,
is necessary and the system which performs this function should be built to meet
appropriate protection system criteria. The criteria to be used for each system
should be established on a basis acceptable to the regulatory staff."

In addition, the applicant was informed that the wiring of the rod block monitor
bypass switch does not satisfy the separation criteria. Therefore, we requested
the applicant to identify and justify any and all exceptions to our position and
the separation criteria. The response was incomplete. We will pursue this issue
and provide the resolution in a supplement to this report.

Local Power Range Monitor

For the reasons given in the preceding subsections, we have, concerns regarding
the design and implementation of the nuclear instrumentation in general.

7-26



Because the local power range monitors provide inputs to the average power range
monitors and the rod block monitor along wit! aonsafety inputs to annunciators and
the plant process computer, our primary concern is physical separation, electrical
independence and seismic qualification.

When we have completed the review of the requested drawings, the seismic qualifi-
cation and tio qualification of the isolation devices (see subsection 7.1.3 of
this report), we will provide the results of our review in 1 supplement to this
report.

Class IE Heat Removal Systems

The Class IE heat removal systems which have been identified by the applicant are:
(1) diesel generator ventilation system, (2) emergency core cooling system equip-
ment area cooling system, (3) service water pump cooling system, and (4) switchgear
heat removal system.

Our audit of these system indicates that the instrumentation and controls are
designed and implemented to Class IE requirements and the systems themselves are
redundant and physically separated and electrically independent of their redundant
counterparts. Therefore, we find these systems to be acceptable.

Recirculation Pump Trip System

The Final Safety Analysis Report states, "The recirculation pump trip system
irr.ludes the sensors, logic circuitry, load drivers, switches and circuit breakers
that cause main power to be disconnected from both recirculation pumps upon
closure signals from the turbine stop valves or turbine control valve in the event
of a turbine trip or generator load rejection." Final Safety Analysis Report
Figure H. A-2 also indicates that reactor vessel low level or high reactor pressure
will also initiate a reactor pump trip. The latter trips are part of the

anticipated transients without scram protection.

The applicant's Final Safety Analysis Report states, "The recirculation trip
system is designed to aid the reactor protection system in protecting the
integrity of the fuel barrier. Turbine stop valve closure or turbine control

valve fast closure will initiate a scram and concurrent recirculation trip in

order to keep the core within the thermal-hydraulic safety limits during
operational transients."

As a result of this statement, we find that this system is required for safety.
However, this system receives nonsafety signals from the turbine building and
assumes functioning of the non-Class IE relief systems. The system logic is
powered from the reactor protection system power supplies, the breaker trip coils
are powered from two divisions of Class IE batteries, and the motor power is

received from non-Class IE (6.9 kilovolt) buses. As a result of this mix of
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safety and nonsafety inputs, we were concerned about the possibility of violation
of the criteria for physical separation and electrical independence. However, we
did an independent analysis of the consequences of a turbir.e trip without depend-
ence on the non-Class IE relief system and find that the radiological consequences
in the absence of a seismic event are a small traction of the loss-of-coolant
accident consequences and therefore are acceptable. This system is not required
to function during a seismic event because fuel damage during a seismic event is
acceptable.

Rod Sequence Control System

The rod sequence control system is a subsystem of the reactor manual control
system discussed in Section 7.7 of this report.

This system performs required safety functions since the purpose of the rod
sequence control system is to reduce the consequences of the postulated rod drop
accident to an acceptable level by restricting the patterns of control rods that

can be established to predetermined sets and to prevent a control rod withdrawal
accident at low power.

The rod sequence control system will operate from the same instrument bus as the
rod position information system, the subsystem of the reactor manual control
system that is the primary data source for the rod sequence control system. The
rod sequence control system is designed so that it will apply rod movement
inhibits to the rod drive control system in the event of loss of input power.

In addition, the applicant was informed that this system cannot be relied upon to
prevent a control rod withdrawal accident. The applicant has accepted this

position and demonstrated to our satisfaction that the average power range
monitors and intermediate range monitors provide adequate protection.

We reviewed the functional requirements for this system and found the design
acceptable.

Main Steam Line Isolation Valve Leakage Control System

The main steam line isolation valve leakage control system is designed to minimize
the release of fission products which ould bypass the standby gas treatment
system after a loss-of coolant accident. This is accomplished by directing the
leakage through the closed main steam line isolation valves to a bleed line into

the reactor building.

The flow is ef fected by a blower which directs the leakage into the reactor
building and eventually through the standby gas treatment system. Thus, leakages
through the main steam isolation valves will be processed by the standby gas
treatment system prior to release to the atmosphere.
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The system is described in Section 9.3 of the applicant's Final Safety Analysis
Report. The instrumentation and controls are described in Final Safety Analysis
Report Section 7.3.1.1.10. As a result of our review of this system, we find that
the design satisfies the recommendations of Regulatory Guide 1.96, " Design of Main
Steam Isolation Valve Leakage Control Systems for Boiling Water Reactor Nuclear
Power Plants," but, that in addition to inconsistencies in the drawings, we have
identitled a single failure which could lead to possible failure of the system
during testing or operation. The proposed annual test frequency also appeared to
be insufficient. The applicant was informed of our concerns and we will provide
the resolution of these issues and tne results of the seismic qualification
program in a supplement to this report.

7.6.4 Evaluation

The other instrumentation systems roauired for safety consist of safety-related
instrumentation systems not identified as part of the reactor protection system,
engineered safety features systems, safety-related display instrumentation
systems, or systems required for safe shutdown. They are, to a large extent,
groups of interlocks intended to protect other vital systems from potentially
damaging transients during normal operating and accident conditions or provide
inputs to the safety systems.

Our review encompassed the sensors, initiating units, logic, bypasses, interlocks,
redundancy and diversity of features, actuated devices, testing provisions and
equipment qualifications. The review included single line diagrams, schematic
diagrams and descriptive information on this group cf systems and supporting
auxiliaries that are essential for their operation. The review included the
design criteria and design bases and analyses of the manner in which the design of
these systems conforms to the design criteria.

The basis for acceptance in our review of these systems has been conformance of
the design criteria and design bases to the Commission's regulations as set forth
in the General Design Criteria, applicable regulatory guides, branch technical
positions and industry standards listed in Table 7-1 of the Standard Review Plan.
Resolution of the matters discussed above will be reported in a supplement to this
report.

7.7 Control Systems Not Required For Safety
7. 7.1 General Discussion

The areas reviewed in the Final Safety Analysis Report Section 7.7 include such
control systems as the primary system pressure, water level controls, and main
turbine controls. We review this information as detailed in the Standard Review
Plan, and also determine the adequacy of the information presented with reference
to the information requirements of the corresponding section of the Standard
Format for Safety Analysis Reports.
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7.7.2 General Findings

The applicant identified the following systems as control systems which are not
required for safety: (1) reactor manual control system, (2) recirculation flow
control system, (3) feedwater control system, (4) pressure regulator and turbine
controls, and (5) ra:* waste system.

7.7.3 gecificFindings
Reactor Manual Control System

Although the reactor manual control system is not a Class IE system, we classified
this as a system which is required for safety to the extent that the rod sequence
control system operat s from the same instrument bus as the rod position informa-
tion system (a reactor u nual control subsystem) (subsection 7.6.3 of this report)
and requires proper operation of the reactor manual control system to perform its
safety function.

Reactor Manual Control System

General Electric Company introduced a new design for its reactor manual control
system. The reactor manual control system design submitted with recent BWR-4 and
BWR-5 plants has the new self-monitoring, solid-sta M circuitry.

The motivations for the new design are improved operability and reliability through
the self-monitoring feature, reduced field wiring and reduced installation problems.
Since the new design uses multiplexed information transfer which is new to nuclear
power plant control and indication system designs, we implemented, on a generic
basis, a program to perform an in-depth evaluation.

The reactor manual control system consists primarily of two major subsystems: the
rod drive control system and the rod position information system. Both of these
systems use solid-state components throughout with multiplexed information transfer.
(Multiplexed information transfer is the sequential transfer of binary data words
from ue point to another using a single transmission line).

The rod drive control system moves the control rods (137) individually in six-inch
increments called " notches" in or out of the reactor, under the direction of the
plant operator, for the purpose of changing reactivity (and thus power level).

The rod position information system is a companion of the rod drive control system
and senses the vertical position of control rods. The information representing
the vertical rod position is distributed to the rod and detector display and the
f our-rod display for use by the plant operator. The four-rod display presents to
the plant operator the vertical position of each of the four rods in the four-rod
group wnich contains the currently s61ected rod. The rod and detector display
displays a total of six parameters concerning.aach control rod. They are:
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1. Full-in lighted if the rod is fully inserted into tha

core.

2. Full-out lighted if the rod is fully withdrawn from the
core.

3. Drifting lighted if a rod has moved more than three
inches when it should not have moved.

4. Selected lighted if the rod has been selected by the
operator for movement.

5. Accumulator lighted if the nitrogen pressure or water level
is abnormal in the hydraulic control unit as-
sociated with the rod.

6. Scram Valves lighted if both scram valves in the hydraulis
control unit have moved to the open position.

Also dispersed throughout the rod and detector display are local power range
monitor display lignts:

1. Up-Scale lighted if neutron level at the chamber is
above the set point of the up-scale trip on the
local power range monitor card associated with
the chamber.

2. Down-Scale lighted if neutron level as seen by local power
range monitor is abnormally low.

As noted above, the rod position information system also provides input to the rod
sequence control system.

We conclude that this system is acceptable on the basis discussed in subsection
7.7.4 below.

Recirculation Flow Control System

In our Safety Evaluation Report for the Zimmer nuclear station dated February 18,
1972, we reported the results of our evaluation of the control systems which were
not required for safety, and identified several items as appropriate subjects of
indepth evaluations during the operating license strge review. The recirculation
flow control system is different from that prc .ded in previously licensed boiling
water reactors (BWR/4) and is described 4 subsection 4.4 of this report. The
objective of the recirculation flow control system is to control reactor power level,
over a limited range, by controlling the flow rate of the reactor recirculation
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water. The recirculation flow control system consists of the electrical
circuitry, switches, indicators, motors, and alarm devices provided for operation
manipulation of the recirculation flow control valver and the Icw frequency
motor generator set and the surveillance of associated equipment. Recirculation
flow control is either by manual operation or automatic if the power lev el is
above 66 percent of rated, when the plant is operating on a rod pattern where
rated power is produced with rated recirculation flow. During periods of low
power level such as plant startup and shutdown, the recirculation pump and motor
will be powered by the low frequency motor generator set and will operate at
approximately 25 percent rated full load speed.

In addition to the fact that the recirculation flow control system is an intrinsic
part of the recirculation pump trip system (see Subsection 7.6 of this report), we
expressed concern that the valve interlocks which are a part of the reactor flow
control system may be required to prevent erosion damage to the pressure vessel
boundary (e.g. , recirculatien flow control body). We requested verification that
these interlocks are not required for safety. Additional design information was
provided in the Final Safety Analysis Report, Appendix H. Our review of this
material has been completed and we find that the interlocks are not required for
safety and are, therefore, acceptable.

Feedwater Control System

The feedwater control system is typical of previous boiling water reactor (e.g.,
Hatch 2). For the reasons presented in section 6 of this report, however, we
determined that the feedwater high level trip (" level 8 trip") is one of two
non-Class IE control systems which are required to provide adequate margin duting
certain transients. In one transient, the excess feedwater transient, this level
trip equipment m ~ also cause the transient. Accordingly we requested that the
a,.;'.icant demonstrate the adequacy of the elecMcal isolation between the three*

level sensors and their trip criteria such that a single failure will not cause an
excess feedwater transient and prevent the level 8 trip from fure.tioning. We will
continue to pursue tnis issue with the applicant and will provide the resolution
in a supplement to this report.

Pressure Regulator and Turbine Controls

As with the feedwater control system this instrumentation is typical of all
previous boiling water reactors. One of the subsystems in this class of controls
is the turbine bypass valve control. This subsystem is the other no.1-Class IE
system which re determined is important to safety. Accordingly, both the
feedwater control and the turbine bypass control systems wl,1 be subjected to a
technical specification requirement for periodic surveillance. The applicant has
been informed that he must establish a suitable surveillance frequency and provide
the basis for our review. He has also been informed that he must describe how
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such tests will be conducted. This inforn.ation will be evaluated by us and the
resolution will be provided in a supplement to this report.

7.7.4 Evaluation

We reviewed the controls for systems not required for safety, as noted above, to
determine the effects of failures or malfunctions of these controls on the reactor
protection system and other plant safety-related systems. We conclude that, with
the exception of the items noted in subsection 7.7.3 above, failures or
malfunctions of these controls would not be expected to degrade the capabilities
of plant safety systems or lead to plant conditions more severe than those for
which safety systems are designed, and are, therefore, acceptable.

1-33



8.0 (LFCTRIC POWER

8,1 Introduction
8.1.1 General Discussion

Section 8.1 of the Final Safety Analysis Report provides a brief description of
the utility grid, its interconnection to other grids, and the onsite electric
system in general terms. We review this information as detailed in the Standard
Review Plan, and also determines the adequacy of the information presented with
reference to the information requirements of the corresponding section of the
Standard Format for Safety Analysis Reports.

8.1.2 General Findings

We reviewed the applicable design criteria listed in the Final Safety Analysis
Report, Tables 7.l-3 thru 7.1-9, and the design bases and descriptions of the
electrical systems and conclude that they are in agreement with Tat,le 8-1 of the
Standard Review Plan except for the deviation from Regulatory Guide 1.75,
" Physical Independence of Electrical System."

The c'eviation from Regulatory Guide 1.75 involves the use of fault current
e nra'ed devices in the Zimmer plant as isolation devices for the purpose of
satisfying Institute of Electrical and Electronic Engineers Standard 279-1971.

However, we have conducted some independent short circuit calculations which
verified the findings made by the applicant. Therefore, we conclude the criteria
used for the Zimmer plant is acceptable based on our evaluation and the
implementation guidance described in Regult'ory Guide 1.75.

8.1.3 Specific Findings

identification of Safety Loads

Our review of the load lists in the Final Safety Analysis Report, Chapter 8.3,
identified the following types of inconsistencies: (1) some of the motor loads
listed in the tables were different from those shown in the electrical schematics,
and (2) the turbine generator turning gear was listed as an electrical load at
full power and also as a loss-of-coolant t.ccident load and the feed pump turning
gear was listed as a loss-of-coolant accident load (see subsection 7.3 of this
report for further discussion of the use of the feedwater system during plant
emergencies).
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Revised tables were provided and clearly indicated that the loads listed in these
tables represent the latest information. Our review of these tables indicates
that our concerns have been resolved and the tables are now acceptable.

8.1.4 Evaluation

The applicant identified safety-related electric power systems, applicable power
system criteria, and documented his intent to construct these systems in
accordance with the criteria of Standard Review Plan, Table 8-1, which were in
ef fect when the construction permit was issued, and to the extent described in
subsection 8.1.2 of this report. We conclude that construction of safety-related
electric power systems in accordance with these criteria provides assurance that
these systens will perform as designed.

8.2 Offsite Power Systems

8.2.1 General Discussion

Section 8.2 of the Final Safety Analysis Report presents descriptive information,
analyses and referenced documents, including electrical single line diagrams,
electricsl schematics, logic diagrams, tables, and physical final arrangement
drawings for the offsite power systems. We audited the application against the
requirements of the Standard Review Plan, and also against the information
requirements of the corresponding section of the Standard Format for Safety
Analysis Reports.

The offsite power system is re' erred to in industry standards and regulatory
guides as the " preferred power system."

Final Safety Analysis Report, Section 8.2.1, describes the offsite power system
which includes multiple offsite sources, transmission paths and transformers.
Each transformer is capable of supplying sufficient electrical power at a
sufficient voltage to operate Unit I at full power. Full power operation presents
the largest electrical load demand on these transformers.

8.2.2 General Findings

The offsite alternating current power sources include three 345 kilovolt transmis-
sion lines and one 69 kilovolt transmission line. Three-out-of-four of these
transmission lines approach the switchyard on separate rights-of-way. Control
power for *,he switchyard substation is independent of the engineered safety
features buses. Load flow and stability studies were performed which indicate
that a full load trip of the plant or largest external generating station would
not impair the ability of the transmission system to supply power to the
engineered safety features buses.
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The final Safety Analysis Report states that, " Control of transmission line
circuit breakers and associated instrumentation will be by supervisory control
from a system load dispatcher officer located remote from the plant." Because the
dispatcher has more complete information as to the status of the incoming power
sources and has direct communications with the power plant operator, this is an
acceptable design. However, the applicant also stated that he will modify this
design to provide backup control in the Zimmer control room for the Zimmer
switchyard.

Our review found that the 345 kilovolt and 69 kilovolt sources do comply with the
requirement of General Design Criteria 17 for two physically-independent offsite
power sources and that these are both immediate access lines, and we conclude that
the design meets the provision of Regulatory Guide 1.32, " Criteria for
Safety-Related Electric Power Systems for Nuclear Power Plants," that is, two
immediate access lines are preferable to only one immediate access line.

8.2.3 Specific Findings

Turbine Control

We noted that the turbine control system in conjunction with the recirculation
flow control system could provide a method by which the remote dispatcher could
change the reactor power level. However, the appIlcant indicated that the
dispatcher will not have control of the turbine load limiter and, therefore,
control of reactor power will remain within the Zimmer control systems.

Accordingly, we find that there is no event related to the turbine control system
which is more severe than those events which are presented in the Final Safety
Analysis Report, Chapter 15 and evaluated by us in section 15.0 of this report.
Therefore, we conclude that the turbine control system and the interface between
the main generator and the grid are acceptable.

Grid Stability

The applicant described the results of the grid stability studies in response to
Acceptance Review Question 222.12 (b). We find that these studies satisfy the
requirements of Section 8.2.2 of the " Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants" and the system is designed and operated
in accordance with the criteria established by the East Central Area Coordination
Council.

We believe that the combination of the coal miner's strike and severe winter
weather of 1976-1977 with their resultant heavy demands on the grid de.monstrated
both the adequacy of the council's criteria and the design of the existing grid to
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support the Zimmer Station. The basis for this conclusion is the fact that there
were no major or prolonged interruptions in service to the aoplicant's customers
yet the system was involved more than usual in the exchange of power across its
interties with neighboring utilities. (For further information see the Government
Accounting Office report EMD-78/06 dated October 10, 1478 page 30 paragraph 1).

The stability studies satisfy our criteria described in the Branch Technical
Position, Instrumentation and Control Systems Branch 11. " Stability of Offsite
Power Systems," contained in Table 8-1. The grid has demonstrated that it has
sufficient margins to satisfy its load demands under severe conditions, and the
addition of the Zimmer transmission lines will provide additional grid security.
Accordingly, we find this aspect of the plant design and implementation acceptable.

Switchyard location

Our review indicates that the switchyard and the cables from the auxiliary trans-
formers are below the level of the maximum probable flood (545.4 feet). As a
result of the location of the nuclear power plant in the flood plain of the Ohio
River, there exists a possibility that all off site sources will fail simul-
taneously even if a perfect switchyard control scheme were provided (see
subsection 2.4 of this report for additional information on the probability of
floods). This represents a change from the construction permit (when the
switchyard was located at an elevation above 640 feet). Although the present
location of the transformers is consistent with the construction permit, we noted
that this arrangement might not satisfy the requirement of General Design
Criterion 17 for "two physically independent circuits," and might not satisfy the
construction permit commitment to demonstrate that a second independent 69

kilovolt source could be reinstated within 30 minutes.

We pursued the question of this aspect of the design satisfying the General Design
Criteria 17 requirement to " minimize to the extent practical the likelihood of the
simultaneous failure under postulated environmental conditions" with the applicant.

As a result of the information which is contained in the Final Safety Analysis
Report, !?ction 2.4 and Chapter 8, we conclude that the plant can be in cold shut-
down before a flood can damage the offsite sources and that either of the diesel
generators for division 1 or 2 can continuously supply all necessary cold shutdown
loads for 200 days. We also conclude that the design basis flood will recede in
14 days and that there is sufficient diesel oil onsite to operate one diesel for
21 days. Furthermore, the equipment of either division 1 or 2 is sufficient for
long term shutdown cooling.

On this basis, we conclude that the present design satisfies General Design
Criterion 17 and is, therefore, acceptable.
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Independence of Preferred and Standby Power Systems

The 4160 volt switchgear consists of three indoor metal-cE . assemblies Iccated at
elevations 510 feet, 525 feet and 546 feet of the auxiliary building. Each
switchgear assembly supplies one division of safety-related Class IE loads as well
as non-Class IE loads. The three 4160 volt switchgear assemblies are physically
separate from each other. In addition, each switchgear assembly has assigned to
it a diesel engine generator set for onsite standby power and one Class IE battery
which is housed in a masonry compartment built into each switchgear room. Each
switchgear assembly receives offsite power from the turbine generator (via the
unit auxiliary transformer) and the two reserve auxiliary transformers through
three sets of cables. Main generator electrical controls are located in the main
control room. These include main generator circuit breaker controls, synchronizing
equipment, generator excitation and voltage control equipment, and circuit breaker
controls for all main supply circuits for the auxiliary power system. High speed
protective relaying equipment is provided for the main generator, main and auxiliary
transformers, main buses, transmission lines, and interconnecting cables and bus
ducts to provide proper clearing 7f this equipment in the event of electrical
faults. The protective relay system includes breaker failure protection and
backup relaying which is designed to ensure proper clearing of electrical faults
in event of a failure of the primary protective relaying. The instrumentation is
provided in the main control room for the main generator connections and equipment.
This includes indicating instruments for voltage, current, power, reactive power
and frequency. Recording instruments are provided for generator power output and
main bus voltage. Kilowatt-hour meters are provided for main generator outputs
and for auxiliary power system loads. Instrumentation also is provided for
monitoring generator and transformer temperatures. From the information which has
been supplied, we conclude that there is adequate physical separation between the
offsite and onsite sources.

Because of our concerns with regard to the accuracy of the load lists (see
subsection 8.1.3 of this report), we were not certain that the breakers had
sufficient short circuit or interrupt capacity nor were we certain that the
protective relaying would be properly set so as to assure the electrical inde-
pendence of these sources. We acknowledged the fact that the individual errors in

the load lists were small (50 kilowatts or less in most cases) but the cumulative
effect of these errors plus the additional loads which may be placed on switchgear
"B" by nonjudicious operation of installed backup pumps was a concern which had to
be resolved. We have reviewed the subsequent changes to the Final Safety Analysis

Report and conclude that the present desigi is now acceptable regarding the
concerns noted above.
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Equipment Qualification

The offsite equipment is not required to meet Class IE requirements. However,
General Design Criterion 17 does require that an offsite event not compromise the
onsite power supply. One such offsite event which could potentially damage onsite
equipment is prolonged exposure of the Class IE equipment to undervoltage and/or
underfrequency conditions. For this reason, we requested additional information
on the Class IE equipment with regard to its qualification for the extremes of the
energy supply. It was our objective to assure that the offsite sources will be
automatically separated prior to violation of the limits of qualification so that
the safety related plant equipment will continue to satisfy the requirements of
Institute of Electrical and Electronic Engineers Standard 279-1971 Section 3(7).
Based on our review, we find that the undervoltage protective relaying will cause
senaration prior to violating the equipment design limits (as is required by
Iistitute of Electrical and Electronic Engineers Standard 279-1971) and conclude
that the present design is acceptable.

8.2.4 Evaluation

Our review found that the offsite power system includes three independent power
sources from the grid, transmission lines, transmission line towers, transformers,
switchyards and switchyard componet t control systems, switchyard battery systems,"
the main generator, and disconnect switches used to supply electric power to
safety-related and other equipment. The review of the offsite power system
included single line diagrams, station layout drawings, and schematic diagrams and
descriptive information. The review included design criteria and design bases for
the offsite power system and analyses of the adequacy of those criteria and bases
The review also included the analyses of the manner in which the design of the
offsite power system conforms to the design criteria.

The basis for acceptance in our review is an acceptable demonstration of confor-
mance of the designs, design criteria and design bases for the offsite power
system to the Commission's regulations as set forth in the General Design Criteria
and applicable regulatory guides and standards.

8. 3 Onsite Power Systems

Alternating Current Power Systems
8.3.1 General Discussion

The Final Safety Anlysis Report, Section 8.3, provides the descriptive informa-
tion, including functional logic diagrams, functional piping and instrument
diagrams, electrical single line diagrams, physical arrangement drawings, and
electrical schematics for the alternating current onsite power system. We review
this information as detailed in the Standard Review Plan, and also determine the
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adequacy of the information presented with reference to the information require-
ments of the corresponding section of the Standard Format for Safety Analysis
Reports.

Areas of review associated with this system that are covered elsewhere in this
report are as follows: (1) environmental design and qualification testing of
electrical equipment are addressed in subsection 3.11, (2) onsite direct current
control power feeds to the standby power system are addressed in subsection 8.4.3,
(3) technical specification requirements imposed upon the operation of the standby
pcver system are discussed in Sections 7.1.3. and (4) the criteria for seismic
qualification and the test and analysis procedures and methods to assure the
operability of seismic Category I instrumentation and electrical equipment,
including cable trays, switchgear, control room boards and instrument racks and
panels, in the event of a seismic occurrence, are addressed in subsection 3.10 of
this report.

8.3.2 General Findings

As a result of our review, and with the exception of those items presented in
subsections 3.10 and 7.1.3, we find that the designs of the onsite alternating
current systems satisfy the applicable criteria presented in Table 8-1 of the
Standard Review Plan, except as noted below, and are, therefore, acceptable.

B.3.3 Specific Findings

Separation

The design criteria for the physical separation evolved during the same period
when Regulatory Guide 1.75, " Physical Independence of Electrical Systems," and
Institute of Electrical and Electronic Engineers Standard 384-1974 were first
drafted. The criteria for Zimmer are close to the requirements of the standard.
However, our review identified several examples of non-Class IE equipment which

are powered by an onsite bus and are not removed by an accident signal. Typical
examples are: (1) turbine generator turning gear, (2) reactor feed pump turning
gear, (3) hydrogen seal oil pumps, (4) emargency lighting, and (5) plant annunci-
ators. All such equipment are listed in the tables of the Final Safety Analysis
Report, Chapter 8.

In order to provide reasonable assu"rance that such usaga would not present an un-
acceptable risk to the Class IE sources, we requested detailed information on the
short circuit analyses and protective relay cocrdination. This information was
provided and, as a result of our review, we are satisfied that the systems a'e
adequately protected.
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Diesel Generators

Three tandem diesel generators (one pair per division), located in separate seismic
Category I rooms, are provided. The direct current control pnwer is provided by
the associated divisional battery. Each generator is rated at 3,500 kilowatts
continuous, 3,731 kilowatts for 2,000 hours, and 3,927 kilowatts for 30 minutes.
The maximum load is approximately 3,000 kilowatts (division 3) under loss-of-
coolant conditions and 3,416 kilowatts (division 2) under safe shutdown con-
ditions. The diesels satisfy the recommendations of Regulatory Guide 1.6, "Inde-
pendence Between Redundant Standby (Onsite) Power Sources and Between their

Distribution Systems," and Regulatory Guide 1.9, " Selection of Diesel Generator
Set Capacity for Standby Power Supplies." The load requirements will be verified
by preoperational testing. The preoperational testing program is described in the
Final Safety Analysis Report, Section 14.1, and the evaluation of this program is
provided in section 14 of this report.

Testing

Because of our concerns such as those discussed in the previous sections of this
report, we have not completed the review of the preoperational and periodic
testing programs and provisions. (See Section 14.0 for a further discussion of
the status of our review of the provisions and procedures for preoperational and
periodic testing.)

In the surse of a site visit we noted that non-Class IE convenience outlets are
mounted on many Class IE instrument panels. We requested tnat the applicant
describe the provisions and procedures which are to be provided to assure that a
destructive ground current will not develop between the Class IE equipment and
test equipment which may be powered from these outlets. The applicant stated that
the outlet ground will be common to the instrument ground system and that this
design modification will prevent destructive ground loops; we agree. Furthermore,
we note that such practice is consistent with the General Electric Company
grounding criteria presented in the General Electric Company Document 22A2718BC,
Figure 4, which we conclude provides acceptable industry grounding practice.
Therefore, we conclude that this concern has been suitably resolved.

8.3.4 Evaluation of Onsite Alternating Current Systems

Our review found that the standby power system includes the onsite power sources,
distribution systems, vital auxiliary supporting systems, instrumentation, and
controls utilized to supply power to safety-related components and systems. The
scope of review included the descriptive information, functional logic diagrams,
functional piping and instrument diagrams, electrical single line diagrams and
final physical arrangement drawings, and electrical schematics for the standby
power system and for those auxiliary systems that are vital to the proper
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operation of the Class IE standby power system and its connected Class IE loads.
The review included the design bases and their relation to the design criteria for
the standby power system and for the vital supporting systems and the analyses of
the adequacy of those criteria and bases. The review also included the means for
identifying safety-related cables, cable trays and terminal equipment in the
plant; the qualification test programs and results demonstrating the suitability
of the diesel generators as standby power supplies; and the seismic qualification
test program and results and analyses.

The basis for acceptance in our review is a timely and complete documentation of
the implementation of the designs to the applicable design criteria and the design
bases for the standby power system and vital supporting systems, and to the Commis-
sion's regulations as set forth in the General Design Criteria, applicable
regulatory guides, branch technical positions, and industry standards listed in
Table 8-1 of the Standard Review Plan to the extent described in subsection 8.1.2
of this report.

8.4 Onsite Power Systems

Direct Current Power Systems

8.4.1 General Discussion

The Final Safety Analysis Report Section 8.3, also describes the direct current
power systems inr % ) those direct current power sources and their distribution
systems and <1tal supporting systems 6 ovided to supply motive or control power to
safety related equipment. We review thi information as detailed in the Standard
Review Plan, and also determines the adequacy of the information presented with
reference to the information requirements of the corresponding section of the
Standard Format for Safety Analysis Reports.

8.4.2 General Findinos

Areas of review associated with these systems which are covered elsewhere in this
report are as follows: (1) environmental design and qualification testing of
electrical equipment are addressed in subsection 3.11, (2) technical specification
requirements imposed upon the operation of the direct current power system are
discussed in subsection 7.1.3, and (3) separation is discussed in subsection 8.3.

We find that the direct current systems comply with the applicable requirements of
Table 8-1 of the Standard Review Plan and are, therefore, acceptable.

8.4.3 Specific Findings

System Capacity

We reviewed the general methods which were used to determine battery and battery

charger capacity and found that they satisfy General Design Criterion 1 and that
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each battery will supply its essential loads for a minimum of two nours and are,
therefore, acceptable.

We also found that the batteries are physic lly separated into three electrically
isolated divisions similar to the BWR-4 designs such as Hatch I and the design is
acceptable.

8.4.4 Evaluation

Our review found that the direct current power system includes the batteries,
battery chargers and distribution centers usee to supply power to direct current
operated safety-related equipment. The scope of review of the direct current

power system included single line diagrams, schematic diagrams, and descriptive
information for the direct current power system and for those auxiliary supporting
systems that are essential to the operation of the direct current power system.
The review included the design criteria and analyses of the adequacy of those
criteria and bases. The review also included the analyses of the manner in which
the design of the direct current power system conforms to the design criteria
identified in subsection 8.1.1 of this report. The basis for acceptance in our
review is conformance of the design, design criteria and design bases for the
direct current power system to the Commission's regulations as set forth in the
General Design Criteria, applicable regulatory guides, branch technical positions,*
and industry standards as listed in Table 8-1 of the Standard Review Plan.

We conclude that the design of the direct current power system conforms to appli-
cable regulations, guides, technical positions and industry standards, noted
above, and is acceptable.
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9.0 AUXILIARY SYSTEMS

We reviewed the design of the auxiliary systems, including their safety-related
objectives, and the manner in which these objectives are achieved.

The auxiliary systems necessary for safe reactor operation or shutdown include:
reactor building closed cooling water syster; service water system; ultimate heat
sink; the heating, ventilation and air conditioning systems for the control room
and all other safety related areas; diesel generator fuel oil storage and transfer
system; the diesel generator auxiliary systems; and essential portions of the
compressed air system. The systems necessary to assure safe handling c7 fuel and
adequate cooling of the spent fuel include: new and spent fuel storage
facilities, the spent fuel pit cooling and cleanup system, the fuel handling
system and portions of the fuel area ventilation system.

We reviewed those auxiliary systems or portions of the systems whose failure would
not prevent safe shutdown but could, either directly or indirectly, be a potential
source of radiological release to the environment. These systems include the
plant equipment and floor drainage system and the main stom isolation valva
leakage control system.

Other systems that are non-st'2ty related include the turbine building cooling
water system, compressed air system, condensate storage facilities, demineralized
water makeup system, the potable water system, portions of the plant service water
system, the communication. end lighting systems and the nonessential heating and
ventilation systems such as the turbine building area system. The acceptability
of these systems was based on determining that: (a) where the system interfaces
are connected to seismic Category I systems or components, seismic Category I
isolation valves will be provided to physically separate the nonessential portions
from the essential system or component, and (b) the failure of non-seismic systems
or portions of the systems will not pr e lude the operation of safety-related
systems or components located in close probity. We find the above listed
systems meet our criteria and, therefore, find them acceptable.

9.1 Fuel Storage and Handling
9.1.1 New Fuel Stceage

The new fuel storage racks are designed for dry storage of approximately 30
percent of a full core load. The racks provide for a center-to-center spacing of
6.625 inches between adjacent fuel assemblies which is sufficient to maintain an
ef fective multiplication factor of 0.95 or less in the event that the new fuel
area were flooded with water. The outer structure of the rack design precludes
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the inadvertent placement of a fuel assembly in the rack closer than the
prescribed spacing.

The new fuel storage racks are bolted together and fixed to the new fuel storage
vault. The new fuel racks and storage vault are designed to seismic Category I
requirements.

We reviewed the adequacy of the applicant's design for the new fuel storage
facility necessary to maintain a subcritical array during normal, abnormal, and
accident conditions. We conclude that the design is in conformance with General
Design Criterion 62 and the positions of Regulatory Guide 1.13, " Spent Fuel
Storage Facility Design Basis,' including the positions on seismic design and
missile protection, and is, therefore acceptable.

9.1.2 Spent Fuel Storace

Spent fuel storage space is provided in the spent fuel storage pool. The fuel
storage pool contains storage space sufficient for two full core fuel loads.
Safety curtains are installed which serve as a structural member to prevent
incorrect insertion of a fuel assembly. With the rack spacing provided, a maximum
effective multiplication factor of 0.95 will not be exceeded. The spent fuel
storage racks are designed to withstand the impact of a dropped fuel assembly.
The spent fuel racks and the storage pool are designed to seismic Category I
requirements.

The design of the spent fuel pool walls and the structure housing the spent fuel
pool will orevent tornado missiles from penetrating the pool. The cask handling
crane is fully redundant and can accept any single active failure, thereby
precluding the possibility of dropping a cask while handling. The applicant,
provided electrical interlocks to prevent crane travel over the spent fuel pool
even though the crane can withstand any single active failure.

We reviewed the adequacy of the applicant's design for the spent fuel storage
facility necessary to maintain a subcritical array during all normal, abnormal,
and accident conditions. We conclude that the design for the spent fuel storage
facilities is in conformance with the requirements of General Design Criterion 61
and 62 and the applicable positions of Regulatory Guide 1.13, " Spent Fuel Storage
Facility Design Basis," including the positions on seismic design, missile
protection, design compatibility with the maximum crane loads that can travel o er
the pool, and are, therefore, acceptable.

9.1.3 Spent Fuel Cooling

The spent fuel pool cooling system is designed to remove the decay heat from the
fuel assemblies. The cooling system consists of two 100 percent capacity spent

9-2



fuel cooling pumps and heat exchangers. The makeup of the spent fuel pool is
normally supplied from the non-seismic cycled condensate ste age tank. In
' addition make up to the spent fuel pool can be provided by the seismic Category I
portion of the service water system.

The spent fuel pool cooling system is not designed to seismic Category I require-
ments. However, at our request, the applicant analyzed the fuel pool cooling
piping to and from the fuel pool heat exchanger for the forces associated with the
safe shutdown earthquake and provided the necessary seismic Category I pipe and
equipment supports in the pool cooling water system.

The spent fuel pool cooling system with either train operating, has the capacity
to maintain the spent fuel pool water temperature below 120 degrees Fahrenheit
with 25 peicen' of a core stored in the pool. This is within the 140 degree

Fahrenheit limit stated in the Standard Review Plan 9.1.3, " Spent Fuel Pool
Cooling and Cleanup System."

Based on our review, we conclude that the system design meets the requirements of
General Design Criterion 61, including seismic design, provisions to prevent
uncovering the fuel, and provisions for assured makeup and is, therefore,
acceptable.

9.1.4 Fuel Handling System

The fuel handling system is designed to safely handle fuel assemblies from receipt
of new fuel to shipping of spent fuel. The system is designed to conduct all
spent fuel transfer and storage operations underwater to insure adequate shielding
during refueling.

The arrangemeni of the fuel handling area includes a 110-ton overhead crane for
the handling of the spent fuel shipping cask. Single failure proof protection is
designed into the cask crane and lifting yoke to prevent a possible drop of the
spent fuel cask. Travel of the spent fuel cask handling crane is limited by
electrical interlocks to prevent the cask crane from carrying the spent fuel cask
over the spent fuel storage pool; thus dropping or tipping of a spent fuel cask
into the spent fuel pool is precluded.

The Final Safety Analysis Report and supplements providing information by the
crane manufacturer have addressed all areas identified in our Branch Technical
Position, Auxiliary and Power Conversion System Branch 9-1, " Overhead Handling
Systems for Nuclear Power Plants." All areas of our Branch Technical Position
Auxiliary and Power Conversion System Branch 9-1, " Overhead Handling Systems for
Nuclear Power Plants," have been satisfactorily addressed. In addition th:
applicant comitted to performing inspections in accordance with American National
Standards Institute Standard B.30.2.
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We reviewed the overhead crane handling system for Zimmer with respect to the
guidance and criteria of Branch Technical Position, Auxiliary and Power Conversion
System Branch 9-1 that was implemented in accordance with the proposed Regulatory
Guide 1.104, " Overhead Crane Handling Systems for Nuclear Power Plants," dated
February 1976.

The Zimmer overhead crane did not meet the nondestructive weld joint inspection
guidance of position C.l.d of the proposed Regulatory Guide 1.104 because the
crane was built and delivered to the site well before the issuance of the guidance
cited above. However, we conclude from our review, that the crane manufacturer
has desioned the joints and welds to prevent lamellar tearing and that the
applicant's inspection program for the trane, following completion of construc-
tion, meets the American National Standards Institute B.30.2 cited in the Branch
Technical Position, cited above, and provides a level of safety equivalent to
Regulatory Guide 1.104 and, therefore, is acceptable.

We reviewed the adequacy of the applicant's design necessary for Jafe operation of
the fuel handling system during normal, abnormal and accident conditions. We
conclude that the design is in conformance with the positions of Regulatory
Guide 1.13, " Spent Fuel Storage Facility Design Basis," including the position
regarding protection of the spent fuel storage facility from the impact of
unacceptable heavy loads carried by overhead cranes and is, therefore, acceptable.

9. 2 Water Systems

9.2.1 Service Water System

The service water system is designed to provide cooling water to remove heat from
the residual heat removal and reactor building closed cooling water systems during
normal plant cooldown, plant shetdown and accident conditions. The service water
system also supplies coolant to the olesel generators and is used to flood the
reactor vessel if required during the post loss-of-coolant accident period.

The service water systeas consist of two independent full capacity trains. Each
train has two full capacity pumps. The service water system is designed to
seismic Category I requirements and protected to withstand adverse environmental
occurrences. Each train of the service water system is powered from a separate
emergency essential safeguards features bus.

Based on our review, we conclude that the design criteria and bases for the
service water system meet the requirements of General Design Criterion 44
regarding their ability to transfer heat from safety related components to the
ultimate heat sink, and General Design Criteria 45 and 46 regarding tests and
i n s,,= c ti o n s . We, therefore, conclude that the design of the service water system
is acceptable.
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9.2.2 Cooling System for Reactor Auxiliaries (Reactor Building Closed Coolina
Water System)

During normal plant operations the reactor building closed cooling water system
removes heat from the auxiliary equipment housed in the reactor building. The
essential portions of the reactor building closed cooling water system are seismic
Category I. The reactor building closed cooling water system consists of two
independent full capacity trains. Each train of reactor building closed cooling
water system is operable from a separate emergency bus.

The reactor building closed cooling water systems heat exchangers reject heat to
the service water system. The reactor building closed cooling water system is
designed to supply the spent fuel pool cooling heat exchangers from the non-
essential portions of the system. At our request the applicant made provisions to
supply water from the essential portion of the reactor building closed cooling
water system through removable spool pieces to one heat exchanger of the spent
fuel pool cooling system.

Based on our review we conclude that the design criteria and bases for the reactor
building closed cooling water system meet the requirements of General Design
Criterion 44 regarding its ability to transfer heat from safety related components
to the ultimate heat sink and General Design Criteria 45 and 46 regarding tests
and inspection. We, therefore, conclude that the design of the reactor building
closed cooling water system is acceptable.

9.2.3 Ultimate Heat Sink

The ultimate heat sink will dissipate heat from the service water system and
provide water for safe shutdown of the plant under accident conditions. The
ultimate heat sink for Zimmer, Unit No.1 is the Markland Pool located on the Ohio
River.

The Markland Pool will dissipate the maximum heat load due to the total integrated
decay heat, station auxiliary system heat release and sensible heat removed from
the containment and primary system following a design basis loss-of-coolant
accident.

The applicant demonstrated to our satisfaction that the ultimate heat sink is in
accordance with Position 2 of Regulatory Guide 1.27, " Ultimate Heat Sink for
Nuclear Power Plants," namely, the capability of the system to withstand the most
severe natural phenomena expected and a single failure of man-made structural
features.

Based on our review, we conclude that the ultimate heat sink is tx igned in
accordance with the positions of Regulatory Guide 1.27 and is, therefore,
acceptable.
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9.3 Process Auxiliaries
9.3.1 Compressed Air Systems

The compressed air system includes a control air system which is designed seismic
Category I and a station air system which is not safety related. The station and
control air systems are not required to effect a safe reactor shutdown or for
control during long term recovery since all air-operated valves or controls
involved in safety related functions are either provided with individual
accumulators which are seismically designed to properly position the valve, or are
designed to fail in the safe position. The automatic depressurization system
which requires a compressed gas has a nitrogen system with the piping and valves
designed to seismic Category I requirements. This portion of the system is fully
redundant.

* We reviewed the applicant's design for the compressed air system necessary for the
continued presence of supply air to safety related components during anticipated
plant operation conditions, and conclude that the system design is acceptable. We
also conclude that the operation of the non-safety related station air system will
not adversely affect any safety related function.

9.3.2 Equipment and Floor Drainage System

The equipment and floor drainage system is designed to collect leakage or spillage
'

M

from equipment in the reactor building, auxiliary building and turbine building.
The waste from radioactive equipment drains and floor drains are discussed in
section 11 of this report.

Leak detection is provided in the sumps for all emergency core cooling system
equipment and rooms. Each component of the emergency core cooling system is in a
separate ream with its own sump and duplex pumps. Instrumentation provided in the
control roon- to indicate excessive emergency core cooling system component leakage
will consist of a sump high-high level alarm. High and low level switches are
provided in each sump to start and stop the sump pump automatically.

g The condensate and demineralized water storage tanks are physically located such
that their contents will not enter the plant facility in the event of a failure.

Failure of other tanks located outside or within the turbine, auxiliary and fuel
areas will not cause a flood of sufficient depth to endanger any safety related
equipment. Tanks in the control building are small enough such that any water
loss is within the cap-Jty of the floor drain system.

Based on our review, we conclude that the equipment and floor drain system design
is sufficient to protect safety related areas and camponents from flooding and to
prevent the inadvertent release of radioactive liquids to the environment due to
piping or tank failure and is, therefore, acceptable,

ab
:
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9.3.3 Main Steam Isolation Valve Leakage Control System

The main steam isolation valve leakage control system is designed to control and
minimize the release of fission products which could leak through the closed main
steam isolation valves after a loss-of-coolant accident. This is accomplished by
directing the leakage through bleed lines into an area served by the standby gas
treatment system for processing prior to release to the atmosphere.

Each system utilizes dilution air flow from the auxiliary building to the blower
suction to mix with and decrease the steam temperature. The system is designed to
seismic Category I requirements.

The main steam isolation valve leakage control system controls are provided with
interlocks actuated from safety systems to prevent inadvertent main steam isola-
tion valve leakage control system operation.

The applicant states that the design and operational objective of the main steam
isolation valve leakage control system will be established to allow main steam
isolation valve leakage ra*.es up to approximately 100 standard cubic feet per hour
for each main steam isolation in each line. (This design basis while acceptable
for sizing the main steam isolation valve leakage control sy., tem, does not provide
an acceptable basis to allow an increase in the main steam isolation valve leak
rate.) In addition, an additional interlock is provided so that the operation of
an inboard system is prevented should an inboard main steam isolation valve fail
to fully close.

We reviewed the adequacy of the applicant's design for the main steam isolation
valve leakage control system necessary to control the release of fission products
after a loss-of-coolant accident. We conclude that the present design is
acceptable.

9.4 Air Conditioning, Heating, and Ventilation Systems

9.4.1 Control Room Heating, Ventilatino and Air Conditioning System

The control room heating, ventilating and air conditioning system is designed to
maintain the control room within the thermal and air quality limits required for
operation of plant controls and uninterrupted safe occupancy of required manned
areas during normal operation, shutdown and post-accident conditions.

The control room system consists of two 100 percent air-conditioning systems and
each containing a supply air filtration unit. During chlorine or ammonia accident
conditions the control room air is automatically recirculated through the air
filtration units. The entire control room heating, ventilating and air condition-
ing system 8 designed to seismic Category I requirements and all outside intakes
are tornado missile protected.
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The control room heating, ventilating and air conditioning systems is designed to
maintain the control room under positive pressure. Redundant smoke and radiation
detectors will monitor the minimum outside air supply with alarms in tne control
room. Initiation of these alarms will automatically isolate the outside air
supply to the control room and start the emergency makeup air filtration unit. We
conclude that the control room heating ventilation and air condition system meet
the acceptance requirements of Standard Review Plan 9.4.1, " Control Room Area
Ventilation System."

9.4.2 Reactor Building Heating, Ventilating and Air Conditioning System

The reactor building ventilation system equipment is not required to function
under any but normal station operating conditions however, the reactor building
recirculation fans and secondary containment isolation valves are part of the
standby gas treatment system and are designed to operate during abnormal
conditions. The duct system is designated as seismic Category I.

Based on our review and evaluation of the design of the reactor building heating,
ventilating and air conditioning syste.n we conclude that the reactor building
heating ventilating and air conditiening systems are acceptable.

Fuel Pool Area Ventilation System (Reactor Building Heating, Ventilating ad
Air Conditioning System)

The fuel pool portion of the reactor build ventilation system is designed to
maintain the atmosphere above the refueling floor within acceptable temperature
and humidity limits for personnel and equipment, and also to maintain the area at
a negative pressure, and to mitigate the consequences of a fuel handling accident
by filtration of the exhaust air. The system consists of a normal supply and
exhaust system; for emergency conditions the normal supply and exhaust systems are
isolated and airborne contaminates are exhausted through the reactor building
standby gas treatment system.

The exhaust from the fuel handling area during normal operation is discharged
through the station vent by the no'. mal exhaust system without filtration. A
slight negative pressure is maintained in the fuel building by this exhaust
system. The reactor building standby gas treatment system, and the reactor
building ventilation system are designed to operate in conjunction with one
another to mitigate the consequences of the fuel handling accident. These systems
are designed to seismic Category I requirements. In the event of a fuel handling
accident, a high radiation signql from the radiation monitors in the exhaust air
duct automatically actuates the standby gas treatment system. Pneumatic operated
dampers in the normal supply and exhaust ventilation system fall closed to direct
contaminated exhaust through the redundant charcoal filter banks in the standby
gas treatment system prior to discharge to the atmosphere through the station
vent.
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$dsed on our revlem, we Conclude that the design of the reactor building ventila-
tion system in conjunction with the standby gas treatment system meets the recom-
mendations of Regulatory Guide 1.13, " Spent fuel Storage Facility Design Basis,"
and Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Engineered-Safety-Feature Atmospheric Cleanup System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants," and therefore, is acceptable.

9.4.3 Emergency Core Cooling System Equipment Areas Heating, Ventilating and Air
Conditioning System

The emergen<y core cooling system equipment area cooling system consists of a fan
coil unit for each emergency core cooling system equipment cubicle. Each system
is seismic Category I and powered from the essential buses serving the cubicle
from which the equipment is powered. Full redundancy exists throughout the entire
emergency core cooling system equipment area. The seismic Category I reactor
building closed cooling water system is used in the cooling coils. Ventilation
air for the emergency core cooling system equipment cubicles is provided by the
radundant reactor building heating, ventilating and air cnditioning system.

We reviewed the adequacy of the applicant's design necessary to maintain a suit-
able environment for the emergency core cooling system equipment during normal,
abnormal and accident conditions. We conclude that the design is acceptable based
on it meeting the guidance provided in Standard Review Plan 9.4.5, " Engineered
Safety Feature Ventilation System."

9.4.4 Diesel Cenerator Building Heating, Ventilating and Air Conditioning System

The diesel generator buildinc heating, ventilating and air conditioning system is
designed to maintain a . sable environment for the operation of the diesel
generators and their auxiliary components during all modes of plant operation,
including accident conditions. Independent diesel generator heating and ventila-
tion systems, and air supply and exhaust systems are provided for each of the
three diesel generators to satisfy the required environmental conditions and
combustion air requirements during diesel operation.

The diesel generator room ventilation system is designed to seismic Category I
requirements and to maintain the diesel generator rooms below 122 degrees
Fahrenheit whenever the diesel generators are in operation. This is within the
recommended ambient temperature design rating of the diesel generators.

The combustion air supply is drawn from the room ventilation air supply. Any
meteorological changes or accident conditions cannot affect all diesel air
supplies. The outside air intakes and exhausts are tornado missile protected.
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We reviewed the ventilation system design for the diesel generators and conclude
that they are acceptable.

9.4.5 Emergency Switchgear Area Air Conditioning System

The air conditioning system for the emergency switchgear area provides cooled air
to the emergency switchgear rooms and the battery rooms. The system consists of
two 100 percent capacity, seismic Category I cooling trains, for each switchgear
rooms. The battery rooms receive air from the switchgear rooms during battery
charging operation. The battery rooms are provided with separate exhaust fans so
that they can be maintained at a negative pressure with respect to the switchgear
rooms. The battery rooms exhaust fans discharge to the turbine building. The
reactor building component cooling water system removes heat from the water cooled
condensing units to Ilmit the maximum temperature inside the switchgear rooms to
104 degrees Fahrenheit and inside the battery rooms to 75 degrees Fahrenheit which
is belew the design temperature of the equipment.

Based on our evaluation, we determined that the design of the air conditioning
systems for the emergency switchgear area contains sufficient component redundancy
and physical separation to meet the single failure criterion so that air
conditioning and ventilation is assured during accident conditions, and therefore,
the systems are acceptable.

9.4.6 Service Water Pump Structure Heating, Ventilating and Air Conditioning System

The service water pump structure ventilation system consists of a ventilation
system for the pump house accessible areas, a heat removal system for the cooling
tower makeup water pump room, and a heat removal system for each service watenpump

room. Two 50 percent capacity fan-coil units are provided for each service water
pump room which functions at a maximum temperature of 104 degrees Fahrenheit

during service water pump operation. The essential portions of the system are
designed to seismic Category I requirements.

Operation of the service water pump structure accessible areas ventilation system
is not required for safe shutdown but the service water pump room heat removal
system is required for both normal and abnormal station conditions. We reviewed
the adequacy of the applicant's design necessary to maintain a suitable environ-
ment for the essent'il equipment durir.g normal, abnormal and accident conditions
and sonclude that the design is acceptable.

9.5 Fire Protection Systems

As a result of investigations conducted by us on the fire protection systems,
further requirements were imposed to improve the capability of the fire protection
system to prevent unacceptable damage that may result from a fire. We requested
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that the applicant conduct a re-evaluation of the proposed fire protection system
for Zimmer and that the applicant compare these systems, in detail with the guide-
lines of Appendix A to Branch Technical Position Auxiliary and Power Conversion
System Branch 9.5-1, " Guidelines for Fire Protection for Nuclear Plants."

The applicant has provided the requested reevaluation and responoed to all our
positions and concerns resulting from our review of the reevaluation. We will
provide our evaluation of the fire protection system in a supplement to this
report after we have completed our review of the applicant's responses to our
concerns and positions.

9.6 Diesel Generator Systems

9.6.1 Diesel Generator Fuel Oil Storage and Transfer System

The fuel oil storage and tre..,fer system is designed to provide fuel oil storage
and transfer capability to allow operation of each standby diesel generator for at
least seven days.

The fuel oil system consists of two separate and independent trains, one for each
diesel generator. Each system includes a day tank which holds a 550 gallon supply
of fuel oil for each standby diesel. The fuel oil system is designed to seismic
Category I requirements. The fuel oil storage tanks are located in individual
missile protected cubicles and the transfer pumps are located inside the diesel
generator building.

The fuel oil transfer pumps are powered from separate emergency buses. Based on
its independent evaluation, we have determined that the design of the fuel oil
systems meet our single failure criteria.

Based on our review of the diesel generator fuel oil system, we conclude the
system has adequate capacity and can perform its designated safety functions in
accordance with the guidance and criteria in Standard Review Plan 9.5.4,
" Emergency Diesel Engine Fuel Oil Storage and Transfer System," and is, therefore,
acceptable.

9.6.2 Diesel Generator Auxiliary Systems

The diesel generator auxiliary systems include the diesel generator cooling water
system, diesel generator starting system, and the diesel generator lubrication
system.

The diesel generator cooling water system is an integral part of the diesel
generator. It is designed to maintain the temperature of the diesel engine within
a safe operation range. The <11esel generator cooling water system is a closed
cooling system and the heat is rejected to the station service water system which
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is seismic Category I. When the engine is idle, the engine water is heated by
electric heaters to keep the engine warm and ready to accept loads within the
prescribed time interval. The system is designed to seismic Category I require-
eents and meets the guidance and criteria described in the Standard Review
Plan 9.5.5, " Emergency Diesel Engine Cooling Water System."

Each of the standb/ diesel generators is provided with independent compressed air
stJrting systems consisting of two air Compressors, each compressor supplying a
separate storage tank. Each tank is capable of providing three starts without
recharging f rom the air compressors. The starting air system is designed to
seismic Category I requirements and meets the guidance and criteria described in
the Standard Review Plan 9.5.6, " Emergency Diesel Engine Starting System."

Each diesel generator is provided with a lubrication system, which is an integral
part of the diesel generator, designed to supply !ubricating oil to the diesel
generators. The system circulates lube oil through the engine for heating when
the engine is idle and for cooling when the engine is operating. The lobe oil is
cooled by the diesel generator cooling water system and heated by an electric
heater. The system is designed to seismic Category I requirements and meets the
guidance and criteria described in the Standard Review Plan 9.5.7, " Emergency
Diesel Engine Lubrication System."

Based on our review and meeting the guidance and criteria in the cited Standard
Review Plans, we conclude that the diesel generator auxiliary systems design meet
their designated safety functions, have the needed capacity and are, therefore,
acceptable.
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10.0 STEAM AND POWER CONVERSION SYSTEM

10.1 Summary Description

The steam and power conversion system transfers heat energy from the nuclear
reactor to the turbine generator and converts it by conventional means to
electrical energy. The Zimmer Nuclear Power Station steam and power conversion

system consists of the main steam supply system, turbine generator, turbine bypass
system, feedwater system, circulating water system, main condenser and condenser
evacuation system, turbine gland sealing system, and condensate storage and cleanup
systems. We reviewed the design criteria and design bases for these systems which
are necessary for safe operation. The review and conclusions are discussed in the
following subsections of this section.

.

10.2 Turbine Generator

The turbine generator consists of a tandem arrangement of a double flow
high pressure turbine and four-flow low pressure turbine driving a direct coupled
generator at 1800 revolutions per minute. The turbine is equipped with an
electro-hydraulic control system. The speed of the turbine is controlled by
modulating the turbine inlet steam control valves.

The following are some of the conditions under which the turbine control system is
designed to trip the turbine: turbine overspeed, condenser low vacuum, excessive
thrust bearing wear, generator electric trips, low hydraulic fluid pressure, ana
manual local or remote turbine trips.

Overspeed protection is accomplished by two independent systems, namely the
electrohydraulic system and the mechanical overspeed system. The electro-hydraulic
system will close the governor and interceptor valves at less than 103 percent of
rated speed. If 111 percent of rated speed is reached, the mechanical overspeed
sensor will trip all steam valves (throttle, governor, reheat stop and interceptor
valves). An electrical overspeed trip device will also trip valves to drain the

trip oil and thus causing closure of all the valves at 110 percent of rated speed.

As a result of our review, we conclude that the turbine generator overspeed prutec-
tion design can meet its designated functions and is, therefore, acceptable.
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10.3 Main Steam Supply System

The steam generated in the reactor is routed to the high pressure turbine by means

of four main steam lines. Fach main steam line contains two main steam isolation
valves. One main steam isolation valve is located immediately inside of the
drywell and the other immediately outside containment. The main steam supply
system is designed to seismic Category I requirements up to the turbine stop valves.

The main steam isolation valves are designed to provide positive isolation against
steam flow associated with a main steam line break. They are pneumatic operated,

fast-closing valves. Operating air is supplied to the valves from the plant air
system and a seismic Cttegory I air accumulator provides backup operating air for
each valve. The main steam isolation valve is designed to withstand the dynamic
forces under the postulated steam line break flow conditions.

We reviewed the adequacy of the applicant's design necessary for the safety-related
function of the main steam supply system under normal, abnormal, and accident
conditions. We conclude that the design of the main steam supply system con-
forms with the single failure criterion, the' seismic position of Regulatory
Guide 1.29, " Seismic Design Classification," and valve closure time requirements
and is, therefore, acceptable.

10.3.1 Steam and Feedwater System Materials

The mechanical properties of materials selecttd for Class 2 and 3 components of the
steam and feedwater system satisfy Appendix ! of Section III of the American Society
of Mechanical Engineers Boiler and Pressure Vessel Code, or Parts B and C of
Section II of the Code. The fracture toughness properties of the ferritic materials
satisfy the requirements of Articles NC-2300 and ND-2300 of Section III, of the
American Society of Mechanical Engineers Code.

The controls imposed upon austenitic stainless steel comply with the Position
Materials Engineering Branch 5-1 on Regulatory Guide 1.31, " Control of Stainless
Steel Welding," and Regulatory Guide 1.44, " Control of the Use of Sensitized
Stainless Steel." Fabrication and heat treatment practices performed in accordan:e
with these requirements provide reasonable assurance that stress corrosion cracking
will not occur during the design life of the plant. The controls placed upon
concentrations of leachable impurities in nonmetallic thermal insulation used on
austenitic stainless steel components of the steam and feedwater systems are in
accordance with Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for

Austenttic Stainless Steel."

The welding procedures used in limited access areas satisfy the recommendations
of Regulatory Guide 1.71, " Welder Qualification for Areas of Limited Accessibility."
The onsite cleaning and cleanliness controls during fabrication satisfy the positions
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giv'n in Regu!4 tory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power Plants."

Conformance with th- (cdes, standards, Regulatory Guides mentioned constitutes and

acceptable basis for assuring the integrity of steam and feedwater systems, and for
meeting the requirement of General Design Criterion 1.

10.4 Oiher Features of the Steam and Power Conversion L _cem
10.4.1 Circulatina Water System

The circulating water system supplies the main steam condenser with cooling water
from the cooling tower. Tha cooling tower receives makeup from the Ohio River. We
reviewed the consequences (flooding) resulting from a failure cf this system with
respect to affecting safety-related equipment of the plant. The condenser is
connected to the circulating water piping using expansion joints located between
the condenser and the motor operated butterfly valves on both sides of the condenser.
There will not be any safety-related equipment located in the turbine building or
flow paths between the turbine building and the safety features building. The
flood level in the plant that would result from the failure of an expansion joint
will not endanger any safety related equipment.

We reviewed 'he adequacy of the applicant's design for safe operation of the
circulating water system during normal, abnormal, and accident conditions. We
conclude that t..e design of the circulating water system is acceptable.

10.4.2 Condensate Cleanup System

In boiling water reactors, the tubes in the main condenser and other heat exchangers
are barriers between the reactor coolant and cooling water. It is, therefore, of
some safety significance to maintain an appropriate chemical composition of the
reactor coolant to minimize corrosion of these tubes. Inleakage in the main
condenser can contaminate the water with undesirable elements or suspended solids.

Outleakage through leaking tubes, when reactor coolant pressure is higher than
cooling water pressure, can result in radioactive water contaminating the cooling
water. A condensate cleanup system, used to maintain high quality condensate
consists of several parallel-operating deep-bed demineralizer vessels designed for
continuous treatment of condensate flow through deep-bed demineralizers. Vent
gases, chemical wastes, and other waste water from the condensate cleanup system

are sent to the [adwaste system for treatment and disposal. We reviewed the design
of the condensate cleanup system and conclude that it satisfies tne positions set
forth in Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors," and is, therefore, acceptable.
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11.0 RADI0 ACTIVE WASTE MANAGEMENT

11.1 Summary Description

The radioactive waste m...sgement systems are tesigned to provide for controlled
handling and treatment of liquid, gaseous ar.J solid wastes. The liquid radio-
active waste system processes wastes from equipment and floor drains, phase
reparator decantation, decontamination and laboratory wastes, demineralizer

regenerants, and laundry and shower wastes. The gaseous radioactive waste system
includes a charcoal delay system to allow decay of short lived noble gases removed
from the main condenser and treatment of ventilation exhausts through high
ef ficiency particulate air filters and charcoal adsorbers as necessary to reduce
releases of radioactive materials to "as low as is reasonably achievable" levels
in accordance with 10 CFR, Fart 20 and IG CFR, Part 50.34a. The solid radioactive
waste system provides for the solidification, packaging and storage of radioactive
wastes generated during station operation prior to shipment offsite to a licensed
facility for burial.

In our evaluation of the liquid and gaseous radioactive waste systems, we
considered: (1) the capability of the systems for keeping the levels of radio-
activity in effluents "as low as is reasonably achievable' based on expected rad-
waste inputs over the life of the plant, (2) the capability of the systems to
maintain reigases below the limits in 10 CFR, Part 20 during periods of fission
product leakage at design levels from the fuel, (3) the capability of the systems
to meet the processing demands of the station du:ing anticipated operational
occurrences, (4) the quality group and seismic design classification applied to
the equipment and components and structures housing these systems, (5) the design
features that 3re incorporated to control the releases of radioactive materials in
accordance with General Design Criterion 60 and (6) the potential for gaseous
release due to hydrogen explosion in the gaseous radwaste system.

In our evaluation of the solid radioactive treatment system, we considered: (1)
system design objectives in terms of expected types, volumes and activities of
waste processed for offsite shipment, (2) packaging and conformance to applicable
Federal packaging regulations, and provisions for controlling potentially radio-
active air-borne dusts during baling operation, and (3) provisions for onsite
storage prior t' 'ipping.

In our evaluation of the process and effluent radio;ogical monitoring and sampling
systems we considered the systev s capability: (1) to monitor all normal and
potential pathways for release of radioactive materials to the environment, (2) to
control the release of radioactive materials to the environment, and (3) to monitor
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performance of process equipment and detect radioactive material leakage between

systems.

The quantities of radioactive materials that will be released in liquid and gaseous
effluents and the quantity of radioactive waste that will be shipped offsite are
provided in the Final Environmental Statement for Zimmer Nuclear Power Station,

Unit No. 1. In making these determinations we considered waste flows, activity
levels and equipment performance consistent with expected normal plant operation,
including anticipated operational occurrences, for an assumed 30 years of normal
plant operation.

The estimated releases of radioactive materials in liquid and gaseous effluents
were calculated using the RAW-CALE Code described in NUREG-0016 "Calculad on of
Releases of Radioactive Mateifals in Gaseous and Liquid Effluents from Boiling
Water Reactors (BWRs)", dated April 1976. TM principal parameters used in these
calculations along with their bases, are given in NUREG-0016.

In conformancr with Section V.B of Appendix I to 10 CFR, Part 50, the applicant
submitted, on June 4,1976, information necessary to evaluate the capability of
the Zimmer Nuclear Power Station, Unit No.1, for keeping levels of radioactivity
in effluents to unrestricted areas, "as low as is reasonably achievable" In

these submittals, the applicant chose to comply with the Commission's September 4,
1975 Aanex to Appendix I, in lieu of performing a cost-benefit analysis as
required by paragrapn II.D of Appendix I to 10 CFR, Part 50.

Based on the following evaluation, we conclude that the liquid and gaseo n radio-
active waste treatment systems for Zimmer Nuclear Power Station, Unit No. 1, are
capable of maintaining releases of radioactive materials in liquid and gaseous
effluents to as low as is reasonably achievable levels in accordance with 10 CFR,
Part 50.34a, Se.tions II. A, II.B II.C of Appendix I to 10 CFR, Part 50, and the
optional alternative to the cost-benefit analysis required by Section II.D. of
Appendix I as provided in the Annex to App.endix 1.

Based on our evaluation, as described below, we find the proposed liquid, gateous
and solid radioactive waste systems and associated process and effluent radic-
logical monitoring and sampling systems to be acceptable.

11.2 System Description and Evaluation

11.2.1 Liquid Radioactive Waste Treatment System

The liquid radioactive waste treatment system consists of process equipment and
instrumentation necessary to collect, process, monitor and recycle or dispose of
radioactive liquid wastes. The liquid radwaste system is designed to collect and
process wastes based on the origin of the waste in the plant and the expected
levels of radioactivity. All liquid waste is processed on a batch basis to permit
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optimum control of releases. Prior to being released, samples will be analyzed to
determine the types and amounts of radioactivity present.

Based on the results of the analyses, the waste will be recycled for eventual
reuse in the plant, retained for further processing, or released under controlled
conditions to the environment.

The liquid radioactive waste treatment system consists of the equipment drain
subsystem, floor drain subsystem, chemical waste subsystem, filter sludges and
concentrates subsystem, and laundry waste subsystem.

The equipment drain subsystem processed the low conductivity wastes consisting of
reactor building, radwaste building, ano turbine building equipment drains waste,
drywell equipment and floor drains waste, condensate and radwaste demineralizer
backwash, and auxiliary building drains waste. The equipment drain subsystem
consists of a 25,000 gallon collector tank, two 25,000 gallon surge tanks, a
filter, three (one spare) mixed bed demineralizers in a series configuration, and
three 20,000 gallon sample tanks. We estimated the equipment drain subsystem
waste input flow to be approximately 17,500 gallons per day and assumed that five
percent of the treated process steam will be released to the environment via the
service water discharge canal. The remainder will be recycled to the condensate
storage tanks for eventual reuse within the plant. The design capacity of the
equipment drain subsystem is 432,000 gallons per day. The difference between the
expected flow and design flow provides adequate reserve for processing surge
flows.

The floor drain subsystem processes the high conductivity wastes consisting of
reactor building, turbine building, and radwaste building floor drains waste. The
floor drains subsystem consists of a 20,000 gallon collector tank, a 25,000 gallon
surge tank, a filter, and two 20,000 gallon sample tanks. We estimated the waste
input flow to the floor drain subsystem to be approximately 5,000 gallons per day.
The waste will be filtered, sampled, and either discharged to the environment via
the discharge canal or directed to the equipment drain subsystem or chemical waste
subsyster for further treatment. We assumed that all the floor drains waste will
be polished in the equipment drains subsystem and released to the environment.
The design capacity of the floor drain subsystem is 432,000 gallons per day. The
difference between the expected flow and design flow provides adequate reserve for

processing surge flows.

The chemical waste subsystem will process condensate and radwaste demineralizer

regenerants, shop decontamination solutions, reactor building and turbine building
decontamination drains and cask cleaning drains. The chemical waste subsystem
consists of twc 30,000 gallon collector tanks, two 30 gallon per minute evaporators,
and two 30,000 gallon monitor tanks. The design capacity of one evaporator (43,200
gallons per day) is sufficient, relative to the expected chemical waste subsystem
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input flow of 4,500 gallons per day, to handle surge flows. Treated chemical
waste will be sampled and released to the environment via the discharge canal or
directed to equipment drains subsystem for polishing or to the condensate storage
tanks for reuse in the plant- We assumed that all of the treated chemical waste

will be processed in the egaipment drains subsystem and that 90 percent of the
processed waste will be recycled for reuse in the plant. The remair.ing 10 percent
will be discharged to the Ohio River through the service water discharge canal.

The filter sludges and concentrates subsystem will process filter sludges from the
floor drain subsystem and equipment drain subsystem and filter /demir.eralizer
sludges from the reactor water cleanup system and fuel pool cleanup system and
collect evaporator concentrates from the chemical waste subsystem. The filter
sludges and concentrates subsystem consists of two 3,500 gallon concentrate tanks,
a 10,000 gallon floor m ain sludge tank, a 10,000 gallon waste sludge tank, an
8,000 gallon fuel pool phase separator, and two 8,000 gallon cleanup phase
- oarators. The evaporator concentrates and concentrated sludges will be sent to
the solid radwaste system for solidification and eventual of fsi*e shipment for
burial. The cleae supernatant liquid which is separated from the concentrated
sludge will be pumped to the equipment drains subsystem for processing.

The laundry waste subsystem will process detergent wastes and personnel decontami-
nation wastes. The laundry waste subsystem consists of two 1,500 gallon collector
tanks, a filter, a four gallon per minute reverse osmosis unit, and two 1,500
gallon sample tanks. We estimated the waste input flow to the laundry waste sub-
system to be approximately 450 gallons per day and assumed that all of the permeate
will be released to the environment via the discharge canal. The design capacity
of the reverse osmosis unit (5,760 gallons per day) is sufficient, relative to the
expected input flow, to handle surge flows.

The seismic and quality group classification of the liquid radwaste equipment a e
based on criteria which were acceptable during the construction permit licensing
stage. The liquid radioactive waste treatment system is located in the radwaste
building. The design parameters of the principal components considered in the
liquid radwaste system evaluation are listed in Table 11-1. We determined that
the provisions incorporated in the design of the liquid radwaste equipment and
structure housing the equipment conforms to Branch Technical Position, Effluent
Treatment Systems Brarch 11-1 (Revision 1), " Design Guidance for Radioactive Waste
Management Systems Installed in Light-Water Cooled Nuclear Power Reactor Plants."
(Replaced by Regulatory Guide 1.143, " Design Guidance for Radioactive Waste

Management Systems, Structures and Components Installed in Light-Water Cooled
Nuclear Cooled Nuclear Power Plants." We, ,herefore, find the applicant's

radwaste building and liquid waste treatment system design to be acceptable.

The liquid radioactive waste treatment ;jstem is designed to control the release
of radioactive materials due to overflows from tanks outside cor,tainment by
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TABLE 11-1

DESIGN PARAMETERS OF PRINCIPAL COMPONENTS CONSIDERED
IN RADWASTE SYSTEM EVALUATIONS

Capacity Quality Seismic Design
Components No. Each Group Classification
Equipment Dralr. Subsystem

Waste collector tank 1 25,000 gallons a a
Waste surge tank 2 25,000 gallons a a
Waste demineralizer 3 300 gallons a a

per
minute

Waste sample tank 3 20,000 gallons a a

Floor Drain Subsystem

Floor drain collector tank 1 20,000 gallons a a
Floor drain surge tank 1 25,000 gallons a a
Floor drain sample tank 2 20,000 gallons a a

Chemical Waste Subsystem

Chemical waste tank 2 30,000 gallons a a
Waste evaporator 2 30 gallons a a

per
minute

Evaporator monitor tank 2 30,000 gallons a a

Filter Sludges and
Concentrates Subsystem

Concentrates waste tank 2 3,500 gallons a a
Floor drain sludge tank l 10,000 gallons a a
Waste sludge tank 1 10,000 gallons a a
Fuel pool phase separator 1 8,000 gallons a a
Cleanup phase separator 2 8,000 gallons a a

Laundry Waste Subsystem

Laundry drain tank 2 1,500 gallons a a
Reverse osmosis unit 1 4 gallons a a

per
minute

Laundry sample tank 2 1,500 gallons a a

Liquid Radwaste System

Discharge tank 2 30,000 gallons a a

Process Offgas System

Offgas preheater 2 b a a
Recombiner 2 b a a
Offgas condenser 2 b a a
Cooler condenser 2 b a a
Guard bed 2 b a a
Prefilter 2 b a a
Cyclic dryer 4 b a a
Gas cooler 2 b a a
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TABLE 11-1 (Continued)

Charcoal bed 5 b a a

After filter 2 b a a

Vacuum pump 2 b a a

ln accordance with Branch Technical Position, Effluent Treatment Systems Branch 11-1a

(Revision 1), (Replaced by Regulatory Guide 1.143.)
bThe design basis flow rate in the process offgas system is based on
12.5 standard cubic feet per minute of air inleakage to the main condenser.
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providing level instrumentation with alarm annunciation and overflow lines to
collector tanks or sumps from which the waste may be transferred for treatment.
We consider these provisions to be capable of preventing the uncontrolled release

of radioactive materials to the environment.

We determined that during normal operation, including anticipated operational
occurrences, the liquid radioactive waste treatment systems are capable of reducing
the release of radioactive materials in liquid effluents to approximately 1.9
curies per year excluding tritium and dissolved gases, and 30 curies per year of
tritium. Based on our evaluation, the radioactive materials in liquid effluents
will not result in total body doses to an individual in an unrestricted area
greater than three millirem per year or any organ dose greater than 10 millirem
per year, in accordance with Section 11.A of Appendix 1 to 10 CFR, Part 50. Also,
the calculated release of radioactive material in the liquid effluents, exclusive
of tritium and dissolved gases, will be less than five curies per year and the
total body and any organ dose will be less than five millirem per year from the
site, in accordar.ce with the option to Section 11.0 of Appendix 1 as provided in
the Annex to Appendix I. We conclude that the liquid radwaste treatment system

will reduce liquid radioactive effluents to as low as is reasonably achievable
levels in accordance with 10 CFR, Part 50.34a, Appendix 1 to 10 CFR, Part 50, and

the Annex to Appendix I to 10 CFR, Part 50.

We determined that the liquid radwaste treatment systems will be capable of reduc-
ing the release of radioactive materials in liquid effluents to concentrations
below the limits in 10 CFR, Pert 20, during periods of fission product leakage
from the fuel at design levels,

11.2.2 Gaseous Radioactive Waste Treatment System

The gaseous radioactive waste treatment system is designed to process gaseous
wastes based on the origin of the wastes in the plant and the expected levels of
radioactivity.

The gaseous waste treatment system consists of the process offgas system,
mechanical vacuum pump offgas system, drywell purge system, gland seal condenser

offgas system, and building ventilation system.

The process offgas system is designed to collect and delay fission product noble
gases removed from the condenser by the air ejectors. In the process offgas
system, the gas flows through a hydrogen recombiner, a condenser, a guard bed, a
prefilter, a dryer, a gas cooler, three charcoal beds in series, and an af ter-
filter. Except for the fif th charcoal bed, which is shared, the process offgas
system consists of two separate trains of equipment which provide 100 percent
redundancy in the processing of the gaseous wastes. The five charcoal beds will
be maintained at 40 degrees Fahrenheit and contain five tons of charcoal each. We
consider the system capacity and design to be adequate for meeting the demands of
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the station during normal operation, including ancitipated operational occurrences.
The system design includes hydrogen analyzers upstream and downstream of the

recombiner which will activate an alarm upon exceeding a present hydrogen concentra-
tion and indicate that switchover to the stan & y recombiner is required. in
addition to the protective instrumentation, the pressure boundary of the process
offgas system is designed to withstand a hydrogen explosion.

We find the design provisions incorporated to reduce the potential of hydrogen
explosion and to mitigate the effects of an explosion to be acceptable.

The seismic and quality group classification of the process offgas system are
based on criteria which were acceptable during the construction permit licensing
stage. The process offgas system is located in the auxiliary building which is a
seismic Category I structure. The parameters of the principal components considered
in the process offgas system evaluation are listed in Table 11-1. We determined

that the provisions incorporated in the design of the process of fgas system conform
to Branch Technical Position, Effluent Treatment Systems Branch 11-1 (Revision 1).
(Replaced by Regulatory Guide 1.143.) We, therefore, find the process offgas
system and structure housing the system to be acceptable.

The mechanical vacuum pump offgas system will be used during unit startup to
remove air from the main condenser. The mechanical vacuum pump exhaust will be
discharged directly to the atmosphere via the reactor building vent.

The drywell purge system is designed to process the drywell atmosphere through
high efficiency particulate air filters and charcoal adsorbers prior to discharge
to the reactor building vent.

The gland seal condenser offgas system will vent the noncondensable gases in the
steam used for gland sealing purposes. The gases will be vented directly to the
atmosphere via the reactor building vent. The steam used for gland sealing will
be clean steam from the gland seal steam evaporator.

The plant building ventilation systems are designed to induce air flows from
potentially less radioactive contaminated areas to areas having a greater
potential for radioactive contamination. Ventilation exhaust from the radwaste
building and laundry room will be processed through high efficiency particulate
air filters prior to release to the reactor building vent. Ventilation air from
the reactor, auxiliary and turbine buildings will be released without treatmmt to
the reactor building vent.

We determined that the proposed gaseous radwaste treatment and plant ventilation
systems are capable of reducing the release of rdioactive materials in gaseous
effluents to approximately 11,000 curies per year of noble gases, 0.5 curies per
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year of iodine-131, 30 curies per year of tritium, 25 curies per year of argon-41,
9.5 curies per year of carbon-14, and 0.06 curies per year of particulates.

Based on our evaluation, the radioactive materials in gaseous effluents will not
result in an air dose to an individual in an unrestricted area greater than 10
millirads per year for gamma radiation, 20 millrads per year for beta radiation,
or 15 millirem per year for radioiodine and radioactive particulates in accordance
with Sections II.B and II.C of Appendix 1 to 10 CFR, Part 50. Also, the effluents

from the site will not result in an annual gamma air dose greater than 10 millirads
per year a beta air dose greater than 20 millirads per year, a release of iodine-131
greater than one curie per reactor, or a dose from radiciodine and rac'ioactive

particulates released greater than 15 millirem, in accordance with the alternative
to Section II.D. of Appendix I as provided in the Annex to Appendix 1. We conclude

that the gaseous radwaste treatment system will reduce gaseous rav $ active effluents
to as low as is reasonably achievable levels in accordance with 10 CFR, Part
50.34a, Appendix I to 10 CFR, Part 50, and the Annex to Appendix 1 to 10 CFR,
Part 50.

We determined that the gaseous radwaste treatment systems and plant ventilation
systems will be capable of reducing the release of radioactive materials in gaseous
effluents to concentrations below the limits of 10 CFR, Part 20 during periods of
fission product leakage from the fuel at design levels.

11.2.3 Solid Radwaste Treatment System

The solid radwaste treatment system is designed to collect and process wastes
based on their physical form and need for solidification prior to packaging.
" Wet" solid wastes, consisting of spent demineralizer bead resins, evaporator
bottoms, filter sludges, filter /demineralizer sludge, and laundry reverse os:;;osis
concentrates will be combined with cement to form a solid matrix and sealed in the
shipping containers. Dry solid wastes, consisting of ventilation air filters,

contaminated clothing and paper, and miscellaneous items such as tools and glassware,
will be compacted into 55 gallon steel drums. Miscellaneous solid wastes, such as
irradiated primary system components will be handled on a case-by-case basis based
on their size and activity. Expected solid waste volumes and activities shipped
offsite annually will be approximately 31,000 cubic feet of " wet" solid waste
containing approximately 1800 curies and 4700 cubic feet of " dry" solid waste
containing less than five curies total.

During the baling operation of compressible dry wastes, the air flow in the vicinity
of the baler will be exhausted by a fan through a high efficiency particulate air

filter to reduce the potential for airborne radioactive dusts.

The seismic and quality group classifications of the solid radwaste system are
based on criteria which were acceptable for the construction permit licensing
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stage. The solid radwaste system is located in the radwaste building. We find
the applicants solid radwaste system design to be acceptable in accordance with
the guidance and criteria described in Branch Technical Position, Effluent
Treatment Systems Br anich 11-1 (Revision 1). (Replaced by Regulatory Guide 1.143.)

We find that the solid radwaste system design conforms to the guidance and
criteria in Branch Technical Position Effluent Treatment Systems Branch 11-3
(Revision 1), " Design Guidance for Solid Radioactive Waste Management Systems

Installed in Light Water-Cooled Nuclear Power Reactor Plants," except for
Section B II, " Assurance of Complete Solidification." However, the applicant
has committed to provide a process control program to satisfy Section B II;
and, therefore, we find the solid radwaste system design will be in conformance
with Branch Technical Position, Efflueet Treatment Systems Branch II-3.

Storage facilities are provided for 18 liners (65 cubic feet) and 125 drums
(55 gallons). We find the storage ci.pacity adequate for meeting the demands of
the station.

Wastes will be packaged in accordance with the requirements of 10 CFR, Part 20,
10 CFR, Part 71 and 49 CFR, Parts 170-178, and shipped to a licensed burial site
in accordance with Commission and Department of Transportation regulations.

11.3 Process and Effluent Radiological Monitoring and Sampling Systems

The process and effluent radiological monitoring and sampling systems are designed
to provide information concerning radioactivity levels in systems throughout the
plant, indicate radioactive leakage between systems, monitor equipment performance,
and monitor and control radioactivity levels in plant discharges to the environment.
Certain liquid and gaseous streams will be continuously monitored for radioactivity.
Monitors on selected ef fluent releast lines automatically terminate discharges
should radiation sevels exceed a predetermined value. Table 11-2 indicates the
proposed location, number, type, and sensitivity of each continuous monitor.
Systems which are not amenable to continuous nonitoring or for which detailed
isotopic analyses are required will be sampled and analyzed in the plant labora-
tory. The sampling system will provide representative liquid an<1 gaseous samples
to effectively monitor the operation of the plant and provide isotopic analyses
for determining the radioactive materials in liquid and gaseous effluents. Sample
points are located at each tank in the liquid radwaste treatment system for sam-
pling tank contents both before and after each processing stea In the gaseous

radwaste treatment system, sample points are located at the .let and outlet of

the process offgas system charcoal bed trains and in the rea ;;r building vent.

We reviewed the locations and types of effluents and process monitoring and
sampling provided. Based on the plant design and on the continuous monitoring
locations and sampling locations, we conclude that all normal and potential
release pathways will be monitored. We also determined that the sampling and
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TABLE 11-2

PROCESS AND EFFLUENT RAOIATICN MONITORING SYSTEM

Number Monitor Monitor
Stream Monitor and Type Classification Sensitivity

L; qaid

Service water from
~7turbine building 1-Inline -Scintillator 10 microcurie per

concentrator con- milliliter
densers (CS-137)

Reactor building closed 2-Inline -Scintillator 10-7 microcurie per
cooling water system milliliter (Cs-137)

Liquid radwaste system I-Inline -Scintillator 10-7 microcurie per
discharge milliliter (Cs-137)

Service water from residing 2-Inline -Scintillator 10-7 microcurie per
heat removal heat exchanger milliliter (Cs-137)

-7Service water discharge 1-Offline -Scit.'. ;11 ator 10 microcurie per
milliliter (Cs-137)

Gaseous

Main steamline 4-Inline -Ion Chamber 1 millirad per hour
Air ejected offgas

(pretreated) 1-Offline -Geiger-Muller 1 millirad per hour

Air ejector offgas 2-Offline -Geiger-Muller 10 counts per minute
(post-treated)

Off gas vent pipe 1-Offline * *

Plant vent stack plenum 4-Inline -Geiger-Muller 0.01 millirad per hour

Plant vent stack 1-Offline * *

Fuel pool vent plenum ,-Inline -Geiger-Muller 0.01 millirad per hour

" Monitors for gross gamma activity; panticulates and iodine are continuously
collected and periodically analyzed.
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monitoring provisions will be adequate for detecting radioactive material leakage
to normally uncontaminated systems and for monitoring plant processes which affect
radioactivity releases. On this basis we consider the monitoring and sampling
provisions to meet the requirements of General Design Criteria 13, 60 and 64 and
the guidelines of Regulatory Guide 1.21, " Measuring, Evaluating, and Reporting
Radioactivity In Solid Wastes and Releases of Radioactive Materials In Liquid and
Gaseous Effluents from Light Water-Cooled Nuclear Power Plants."

11.4 Evaluation Findings

In our evaluation, we calculated releases of radioactive materials in liquid and

gaseous effluents for normal operation including anticipated operational occur-
rences based on expected radwaste inputs over the life of the plant.

In our evaluation we determined that the applicant's design of the liquid and
gaseous waste treatment systems satisfies tne design objectives set forth in rule
making 50-2 specified in the option provided by the Commission's September 4, 1975
amendment to Appendix 1 and, therefore, meets the requirements of Section II.D of
Appendix I of 10 CFR, Part 50.

We conclude that the liquid and gaseous radwaste treatment systems will reduce
radioactive materials in effluents to "as low as is reasonably achievable" levels
in accordance with 10 CFR, Part 50.34a and, therefore, are acceptable.

We considered the potential conscquences resulting from reactor operation with a
fission product release r e consistent with a noble gas release rate to the

reactor coolant of 100 microcurie per megawatt thermal per second after 30 minutes
decay and determined that under these conditions, the concentrations of radio-
active materials in liquid and gaseous effluents in unrestricted areas will be a
small f raction of the limits specified in 10 CFR, Part 20, Appendix B, Table II.

We considered the capabilities of the radwaste systems to meet the anticipated
demands of the plant due to anticipated operational occurrences and concludes that
the liquid, gaseous, and solid waste system capacities and design flexibilities
are adequate to meet the anticipated needs of the plant.

We reviewed the applicant's quality assurance provisions for the radwaste systems,
the quality group classifications used for system components, the seismic
classification applied to the design of the gaseous waste processing system, and
the seismic classification applied to the design of structures housing the radwaste
systems. The design of the radwaste systems and structures housing these systems
conforms to the acceptance criteria and guidance as set forth in Branch Technical
Position, Effluent Treatment Systems Branch 11-1 (Revision 1). (Replaced by

Regulatory Guide 1.143.)
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We reviewed the provisions incorporated in the applicant's design to control the
release of radioactive materials in liquids due to inadvertent tank overflows and
to prevent uncontrolled releases due to hydrogen explosions in gaseous systems and
conclude that the measures proposed by the applicant are consistent with our
acceptance criteria as set forth in Branch Technical Position, Effluent Treatment
Systems Branch 11-1 (Revision 1).

Our review of the radiological process and effluent monitoring systems included
the provisions for sampling and monitoring all normal and potential effluent
discharge paths in the conformance with General Design Criterica 64, for providing
automatic termination of effluent releases and assuring control over releases uf
radioactive material in effluents in conformance with General Design Criterion 60
and Regulatory Guide 1.21 mentioned above, for sampling and monitoring plant waste
process streams for process control in conformance with General Design Criterion
63, for conducting sampling and analytical programs in conformance with the
guidelines in Regulatory Guide 1.21, and for monitoring process and effluent
streams during postulated accidents. The review included piping and instrument
diagrams and process flow diagrams for the liquid, gaseous, and solid radwaste
systems and ventilation systems; and the location of monitoring points relative to
effluent release points. We conclude that the applicant's radiological process
and effluent monitoring systems are acceptable.

Based on the fcregoing evaluation, we conclude that the proposed radwaste treatment
and monitoring systems are acceptable. The basis for acceptance has been conform-
ance of the applicant's designs, design criteria, and design bases for the radwaste
treatment and monitoring systems to the applicable regulations and guides referenced
abeve, as well as to our technical positions and industry standards.
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12.0 RADIATION PROTECTION

The Zimmer Nuclear Power Station Final Safety Analysis Report provides information
on the methods for radiation protection inclMing the facility design and layout,
equipment design, and a description of the health physics program. This infarma-
tion includes an estimate of occupational rac'iation exposure to plar t personnel,
the shielding provided to reduce radiation levels, the ventilation arrangement to
control the flow of potentially contaminated air and the radiation monitoring
employed to measure levels of radiation in potentially occupied areas and to
measure airborne radioactivity throughout the plant. A health physics program is
provided for plant personnel and visitors during reactor operation, maintenance,
refueling, radwaste handling and inservice inspections. We reviewed and evaluated
the description and analysis of the radiation protection program included in the
Final Safety Analysis Report and the responses to our requests for additional
information.

The criterion used to determine acceptability of the program is that doses to
personnel will be maintained within the established limits of 10 CFR,_Part 20,
" Standards for Protection Against Radiatioa," and design and program features are
consistent with the guidelines of Regulatory Guide 8.8, "Information Relevant to
Ensuring That Occupational Radiation Exposures at Nuclear Power Stations Will Be
As Low As Is Reasonably Achievable." It is the applicant's written policy to
maintain occupational radiation exposure as low as is reasonably achievable. In
response to requests by us, the applicant added extensive material to Chapter 12
of the Final Safety Analysis Report related to maintaining occupational radiation
exposures as low as is reasonably achievable. On the basis of our review, we
conclude that the applicant's radiation protection program is acceptable and will
provide reasonable assurance that doses to personnel will be less than the limits
established by 10 CFR, Part 20 and will be maintained as low as is reasonably
achievable, consistent with the guidelines of Regulatory Guide 8.8. Details are
discussed in the following sections.

12.1 Shieldig

The applicant considered means to keep external and internal radiation exposures
to personnel as low as is reasonably achievable, including both individual and
total man-rem doses. Shielding is designed to control radiation exposure during
operation such that (1) doses to plant personnel, contractors, and authorized site
visitors will be as far below the limits in 10 CFR, Part 20 as practicable, in
conformance with the suggested design features in Regulatory Guide 8.8; (2) doses
to the offsite general public from direct ano air-scattered radiation will be a
small fraction of the limits in 10 CFR, Part 20.
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The applicant provided five radiation zones as a basis for classifying occupancy
and access restrictions on various areas within the plant site boundary. Maximum

design dose rates are established for each zone and used as input for shielding of
the respective zones in each building. For example, design radiation levels in
operating areas wl.ere personnel are expected to be working for a 40-hour week will
be less than 1.0 millirem per hour.

For each process system, the mode of operation with the highest expected radiation
dose rate to personnel provided the basis for shielding design. The ANISN code
was used to design the inner, sacrificial shield for neutron and gamma attenua-
tion; all other shields were designed for gamma attenuation by the standard point
attenuation kernel, numerically integrated over the volume of the source, using
the ISOSHLD-II and 0AD codes. Labyrinths and penetrations were analyzed by the
albedo or Monte Carlo method. We consider the assumptions used in the shielding
calculations to be conservative, and the models and codes used acceptable.

The magnitudes of all calculated radiation levels are based on fai'ed fuel
operation with the following source term assumptions: (1) plant opention at
maximum power; (2) noble gas release rate from the core equivalent to 0.1 curie
per second after 30 minutes decay; (3) concentrations in the reactor water 5. sed
on fission product equilibrium halogen concentrations; and (4) concentrations of
other fission products and activation products based on operating experie.:e with
boiling water reactors.

Radiation protection concepts directed to keeping personnel exposures below
regulatory limits were used throughout in the design and construction of the
plant. Shielding design and radiation zoning were based on whichever mode
(operating or shutdown) involved the higher projected doses. To the extent
practicable, major sources are in individually labyrinthed, shielded cubicles,
with instrumentatson outside the shielding. Valve stations are shielded, remotely
operated, or provided with extension stems as practicable. Pipes and ducts are
routed through high-zoned low-acces; areas where practicable; shielding is
provided for pipe chases and penetrations, which are effset to minimize streaming.

The applicant has a radiation protecs.an design review committee chaired by a
Certified Health Physicist, with shield design engineers on the committee. This
committee made several changes to reduce radiation exposure to personnel.

During our review, we requested the applicant to modify the area outside the mixed
bed demineralizer cubicle on the 510 foot 6-inches level to allow for control of
radiation fields from pipes containing spent resin pumped to the spent resin tank.
The applicant made shie' ding and radiation zone modifications in that area. The
applicant also committed to have the radiation protection design review group
assure that similar situations did not exist in other parts of the plant. As a

result of that group's review, another similar piping layout was identified and
corrected. No other similar piping arrangements have been identified.
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The applicant's area radiation monitoring system is designed to provide (1)
indication in the control room of gamma radiation levels at selected locations
where radioactive materials may bt present or inadvertently introduced; (2)
information necessary for decisions on deployment of personnel in the event of an

accidental inplant release of radioactive material; (3) information necessary for
detection of unauthorized or inadvertent movement of material in the plant, or
abnormal migrations of radioactive material from plant process strears; (4)
alarming for abnormal radiation conditions; (5) loca' alarms or indicators at all
points where a substantial increase in radiation levels could affect personnel in
the area; and (6) indication that a channel is inoperable. Locations were
selected to include those in which personnel perform regular du'.ies in radiation
areas, or ir. frequent duties in areas P ere there is a high probability of
significant changes in radiation levels; or any other area where surveillance is
desired. The above objectives and location criteria are in conformance with 10
CFR, Parts 50 and 70, and are acceptable.

The applicant based the estimate of annual man rem exposure experience frcm design
and operation of other boiling water reactors, such as Nine Mile Point, Oyster
Creek, and Quad Cities and on design features in the Zimer plant intended to
assure that occupational radiation exposures are maintained as low as is

reasonably achievable. At currently operating modern boiling water reactors,
total occupational annual exposures nava been of the order of 400-500 man rem.
The applicant espects that through intense precautions taken to maintain
occupational radiation exposure as low as is reasonably achievable that the
overall annual exposure at Zimmer will be approximately 300 man-rem. The bases
for the applicant's exposure estimates are reasonable, and consistent with the
acceptance criteria in our Standard Review Plan.

We conclude, based on information presented in the Final Safety Analysis Report,
that the applicant designed a facility to keep radiation exposures within the
applicable limits of 10 CFR, Part 20. In his design and arrangement he has
considered the recommendations of Regulatory Guide 8.8 to reduce unnecessary
exposure during operations. Based on our review, we find that the shielding and
arrangement of the plant are acceptable.

12.2 Ventilation

The plant ventilation system is desigr.ed to maintain a suitable environment for
persennel and equipment. Among the riesign objectives of this system are the
protection of operating personnel from possible airborne radioactivity and the
assurance that maximum expected airtorne radioactivity concentrations will be
maintained within the limits of 10 CFR, Part 20. These devign objectives are
acceptable. To meet these objectives, several design criteria are used including:
(1) air-flow from areas of least radioactive contamination to areas of progres-
sively greater radioactive contamination followed by exhaust to ventilation ducts;
and (2) maintenance of slight negative pressures in selected areas. These
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design criteria are in accordance with the recommendations of Regulatory Guide 8.8
and, therefore, are acceptable. The drywell and suppression pool chamber purge
system will provide a means of reducing the airborne contamination to allow
personnel access into the drywell. The radwaste building ventilation system
provides flow to various cubicles to maintain potential airborne radioactivity
levels from flowing into noncontaminated areas.

The bases and methods of estimating sources of airborne radioactivity in the plant
and expected levels of airborne concentrations in various areas of the plant are
described in Section 12.2.3 of the Final Safety Analysis Report. These bases,
including rates of leakage and partition factors, are conservatively determined
and the calculations result in concentrations of airborne radioactivity below the

requirements to 10 CFR, Part 20.

To assure compliance with the standards of 10 CFR, Part 20, the applicant has an
airborne radioactivity monitoring system. This system consists of a fixed con-
tinuous air monitoring system, a fixed air sampling system, a semi portable con-
tinuous air monitoring system and portable air sampling equipment. These monitors
will provide sufficient sensitivity to detect one maximum permissible concentration
in one hour in most cubicles. Access to rooms for which the one maximum permis-
sible concentration in one hour can not be determined will be preceded by a
measurement of airborne radioactivity. We consider the airborne radioactivity

monitoring program acceptable.

Based on our review we determined that the ventilation system, as described in
detail in Section 9.4 of the Final Safety Analysis Report, meets the radiation

protection design objectives, considers the recommendations of Regulatory
Guide 8.8, and will maintain doses from airborne radioactive materials below the
limits of 10 CFR, Part 20. We conclude that the ventilation system is acceptable.

12.3 Health Physics Program

The Health Physics Program objective is to provide administrative control of
onsite personnel to assure that occupational radiation exposures are within the
limits of 10 CFR, Part 20, and are as low as is reasonably achievable, consistent
with the intent of Regulatory Guide 8.8 and other applicable Regulatory Guides.

HeThe Rad-Chem Supervisor has the responsibility for administering this program.
influences decisions on plant operation that can affect the radiation safety of
workers, in that he is a member of the Station Review Board and he reports directly
to the Plant Superintendent.

The Health Physics Program is designed to ensure that: (1) operaticns, maintenance,
and technical personnel, are trained to the extent required for their duties,
consi. tent with 10 CFR, Parts 19 and 20, and Regulatory Guide 1.8, "Persor.nel
Selection and Training *'; (2) detailed procedures are prepared and approved for all

aspects of the Radiation Prctection Program; (3) appropriate access control
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procedures are followed to separate potentially contaminated areas from clean
areas, and that positive control is provided far each entry in a high radiation
area; (4) potential transfer of radioactive coatamination is controlled by
monitoring personnel, equipment, tools, and clothing; (5) radiation levels are
measured and posted and personnel are monitored and provided with appropriate

bioassay; (6) complete radiation exposure records are maintained; and (7)
personnel access to high radiation areas, and maintenance work in radiation areas
are controlled by use of a Radiation Work Permit, which must be approved by the
Rad-Chem Group, and which specifies any special requirements for the job.

The radiation protection facilities include access control points, high and low
level laboratories, counting room, instrument calibration room, offices,
decontamination and laundry area, and change room.

Based on our review, we conclude that these facilities are sufficient to maintain
occupational exposures as low as is reasonably achievable, and are consistent with
Regulatory Guide 8.8.

The applicant will provide equipment to be used for radiation protection which
includes: protective clothing, respiratory protective equipment, air sampling
equipment, portable radiation measuring instruments, calibration sources, counting
room instrumentation, area monitors, airborne activity monitors, laboratory
equipment and special shielding materials.

Based on our review, we conclude that the numbers and types of this equipment will
be adequate to provide reasonable assurance that exposures to persor.nel can be
maintained as low as is reasonably achievable.

All persons entering a controlled area are provided with a TLD to monitor
beta gamma radiation, persons entering a radiation area are also provided with a
self-reading dosimeter. A neutron badge is provided for personnel who enter areas
where the rate exceeds five millirems per hour or could exceed 15 millirems during

a given month. The personnel neutron dosimetry program will be conducted in
accordance with Regulatory Guide 8.14, " Personnel Neutron Oosimeters." Finger
rings, wrist badges, or other dosimeters, as well as alarming dosimeters, are
provided as appropriate. Whole body counting will be performed periodically to
assess intake of radioactive materials. Bioassay may also be used as necessary.

Based on the information provided in the application, and the responses to our
requests, we conclude that the applicant is implementing a radiation protection
program that is acceptable and will keep radiation exposures as low as is
reasonably achievable.
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13.0 CONDUCT OF OPEMhl10NS

13.1 Organizational Structure and Qualificat lor.s

Zimmer Nuclear Power Station, Unit 1, operational activities are conducted under

the onsite supervision of the Station Superintendent. He reports to the Manager
Electric Production who in turn reports to the Vice President of Engineering
Services and Electric Production.

The Station Superintendent is responsible for the safe, efficient, and reliable
operation of the station. Reporting to the Station Superintendent is an Assistant
Superintendent and a staff of approximately 100 full-time employees. Reporting to
the Assistant Superintendent is a radiation / chemistry group responsible for plant
radiation protection and chemistry with a staff of approximately 18 persons; an
instrument and controls group responsible for instrument and controls maintenance
with a staff of approximately 13 persons; a maintenance group responsible for all
electrical and mechanical maintenance at the station with a staff of approximately
20 persons; a technical engineering group responsible for reactor engineering and
other general engineering with a staff of approximately eight persons; and an
operations group responsible for the day-to-day operation of the plant with a
staff of approximately 25 persons. In addition, a Training Coordinator reports to
the Assistant Superintendent. A Station Quality Engineer reports directly to the
Station Superintendent.

Reporting to the Operating Supervisor of the operations group are the plant
operating shifts. The shif t crew for plant operation will consist of five persons,
one of w*iom will be a licensed senior operator and two of whom will be licensed
operators. In addition, a radiation chemist will be onsite at all times.

We reviewed the qualification requirements for station personnel described in
Section 13.1 of the Final Safety Analysis Report and finds they meet those quali-
fications described in American National Standards Institute N18.1-1971, " Standard
for the Selection and Training of Personnel for Nuclear Power Plants." We reviewed
the qualifications of key personnel assigned to the Zimmer Station and found them
acceptable, except the position of Paintenance Supervisor which is vacant and the
position of Reactor Engineer. Their qualifications with regard to educational
backgrounds, experience, and technical specialties meet those described in
American National Standards Institute N18.1. The applicant will augment the
position of Reactor Engineer with an individual who meets the qualification
requirements for that position for the initial tr ' program. Upon completion of
the initial test program, the individual currentiy assigned the position of
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Reactor Engineer will then have the necessary experience requirements and qualifi-
cations. We find this approach acceptable. The applicant has committed to fill
the position of Maintenance Supervisor by March 1,1979, and the qualifications of
this individual will be reviewed at that time.

Offsite technical support for the plant staff will be provided by personnel from
the Cincinnati Gas and Electric Company Electric Production Department, Licensing
and Environmental Affairs, and General Engineering Department. Health physics

support will be provided from outside Cincinnati Gas and Electric Company by
contract.

We conclude, subject to the satisfactory review of the qualifications of the
individual assigned to the position of Maintenance Supervisor, that the organi-
zational structure and qualifications of the plant personnel meet Regulatory
Guide 1.8, Rev. 1, " Personnel Selection and Training," and are satisfactory to
provide an acceptable operating staff. We further conclude that the applicant
has the necessary resources or has made acceptable arrangements to secure
offsite technical support for the operation of the facility.

13.2 Training Program

The Station Superintendent of the Zimmer Plant has the overall responsibility for
the selection and training of plant personnel. At the plant, the day-to-day
administration of the training program is carried out by the Training Coordinator.

The replacement and retraining 1 forms to the requirements of 10 CFR, Part 50,

10 CFR, Part 55, Appendix A, and follows the guidance given in American National

Standards Institute Standard N18.1.

Complete records of all training administered will be maintained.

All station personnel not requiring Commission licenses receive General Retraining,
as applicable to their normal duties, consisting of appropriate plans and pro-
cedures, radiological health and safety, station security procedures, and the
emergency plan.

A training program is also conducted for refresher training of professional
technical personnel and for technicians and maintenance personnel.

All new employees will receive training in radiation safety, emergency plan,
security, quality assurance, industrial safety and job functions.

On the basis of our review, we conclude that the training programs meet the
requirements for approval.
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13.3 Emergency Planning

In response to our requests Q422.1 through 422.13, in Revisions 33, 36, 37 and 42
to the Final Safety Analysis Report dated September 30, 1977 November 30, 1977,
December 16, 1977, and April 28, 1978 (the latter being a complete update) the
applicant submitted revised emergency plans for the Zimmer station, designated as
Appendix F to the Final Safety Analysis Report. We reviewed these plans against
the requirements of Appendix E to 10 CFR, Part 50, Parts I, III and IV (the
applicable regulations). We find that these plans exceed the minimum requirements
of the regulations such that there is reasonable assurance that appropriate
measures can and will be taken in the event of an emergency to protect public
health and safety and prevent damage to property. The basis for these findings
are summarized below following the outline of the minimum requirements specified
in Part IV of Appendix E.

The organization for coping with emergencies has been developed around normal
organizational structures, i.e. , the shif t operating staff under the shif t super-
visor and station superintendent, the Cincinnati Gas and Electric Company organi-
zation and local, State and Federal government agencies, and local s gport services
normally responsible for the protection of the public. The shift operating staff
has been assigned the authority and responsibility for immediate actions, including
activating major Cincinnati Gas and Electric Company organizational response and ,
off-shift station personnel, and initiating support requests of civil and private
services as necessary or desirable.

The station organizational chart is shown in Figure 13.1-2 of the Final Safety
Analysis Report. Relationships between the station organization and local, State
and Federal agencies and local support services are illustrated in Final Safety
Analysis Report, Figure F-1, reproduced here as Figure 13-1. As indicated in this
figure, arrangements have been made for medical, fire, police, transportation and
radiological support services in an emergency. Draft State and local agency
emergency plans and letters documenting emergency planning and emergency response

agreements reached by Cincinnati Gas and Electric Company with local, State and
Federal agencies and local support services are reproduced in Appendix F of the
Final Safety Analysis Report. We reviewed these documents for evidence of com-
patibility of the plans of the applicant and interfacing agencies and support
services and find that our minimum acceptance criteria stated in the Standard
Review Plan 13.3, " Emergency Planning," are met or exceeded.

Means for notification of various elements of the emergency response organization
include the station telephones, public address system, sirens and alarms, " pagers"
for contact with the designated Emergency Duty Officer, the utility communication
system, and radio communication capabilities for contact with primary local offsite
support agencies and station monitoring teams. A message verification scheme will
be developed and tested for emergency contacts with primary offsite support agencies.
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Telephone and radio communications facilities would be available at the offsite

emergency control center at the Ohio National Guard Armory near Felic,;y, Ohio
should it be activated.

Means for determining the magnitude nf releases of radioactivity include routine
analyses of inventories in plant systems, fixed area and portable raJiation detectors,
and fixed monitors in the local environs. Information from process and station-status
monitors (e.g., temperature, pressure, water level, flow rate, valve status, and
meteorological instruments) would also be available. A variety of possible emergency
conditions, means of detection, immediate actions and required notifications have
been considered in the emergency plans (cf. Table F-2 of the Final Safety Analysis
Report). Incidents considered include natural phenomena (floods, earthquakes),
fires, personnel injuries and abnormal releases of toxic chemicals and radioactivity.
For each postulate the applicant oescribed a probable detection means, an emergency
classification and the specific initial action required, including notifications
of various parts of the emergency organization as appropriate. For example,
notification of offsite agencies would occur if a release rate in excess of a
technical specification were detected, mobilization of offsite agencies would be
recommended at a projected whole body dose level of 50 millirem offsite, and
evacuation of persons in the environs would be recommended at a projected whole
body dose level of five rem or a thyroid dose of 25 rem at the site boundary.
Details of these criteria are presented in Final Safety Analysis Report Table F-3.
The applicant developed action levels relating in plant measurements to these
projected dose criteria and meteorological parameters, by which specific levels of
emergency would be declared and specific actions would be initiated. These pre-
determined action levels are illustrated in Figures F-2 and F-3 of the Final
Safety Analysis Report. For the particular case of the most serious accident
conservatively analyzed for siting purposes, i.e. , the design basis loss-of-coolant
accident, the applicant projected that a whole body dose of five rem would not be
exceeded offsite for two hours after the initiating event; for this same postulated
incident the thyroid dose is projected to exceed twenty-five rem (via inhalation),
offsite, af ter one and one-half hours. fhe United States Environmental Protection
Agency recommends that protective actions be seriously considered given projected
doses of these magnitudes; as noted above, the applicant would recommend protective
actions at these levels, and mobilization of offsite agencies well below these
levels. Appropriate protective actions offsite would be initiated by the cognizant
local authorities under the general directions of the County Sheriffs. Because of
the history of floods in the area, the local and State agencies have had substantial
experience responding to emergencies, including the conduct of evacuations.

Provisions for maintaining the plans up to date include biennial renewal of agree-
ments between the applicant and offsite agencies and local support services,
annual review of the emergency plans by the stattun review board, quarterly inventory
and maintenance of station amergency supplies and equipment, and training programs
and drills for station and offsite agency and support services personnel. The
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Office of Inspection and Enforcement of the Nuclear Regulatory Commission staff
will conduct at least biennial audits of the emergency plans and procedures,
including interv!ews with offsite agencies and support services. The applicant
committed to cooperating with offsite agencies in the conduct of a coordinated
drill before loading fuel.

The plans provide for first aid, ambulance, medical and decontamination supplies
and services. First aid and decontamination rooms are located adjacent to the
turbine room and machine shop in the store room (n.b. Final Safety Analysis Report
Figure F-12). Typical supplies and equipment ir. '.hese areas are listed in Final
Safety Analysis Report Tables F-10 and F-11. ine station will maintain its own
ambulance onsite, b u arrangements have been made by the applicant for backup
ambulance support with the Moscow and New Richmond Life Squads. Medical and
hospital services are coordinated by Cincinnati Gas and Electric Company's medical

doctor.

Arrangements have been made by the applicant for receipt and treatment of injured
personnel at Christ Hospital and Bethesda Hospital, and for injuries including
radiation exposure or contamination, at the Radioisotope Laboratory of Cincinnati
General Hospital. Radioisotope Laboratory has established a decontamination suite
in the basement of Logan Hall for treatment of contaminated patients, including
minor surgery. Final Safety Analysis Report Figures F-8, F-9 and F-10 show the
locations of these hospitals with respect to the Zimer station.

In addition to the Cincinnati Gas and Electric training discussed in Section 13.2
of the Final Safety Analysis Report, training specifically related to emergency
planning is discussed in the Final Safety Analysis Report, Appendix F, Section F7.1.
Such includes annual retraining of emergency duty supervisors and cantrol room
shif t personnel, including presentations and walk-throughs of accident assessment
and immediate and supplementary actions in an emergency. Emergency team members

participate in training and retraining programs which consist of presentations and
practical factors in first aid, firefighting, damage control and rescue.
Coordinated training will be offered to selected offsite agencies and support
services personnel, including annual site familiarity training for local fire
department personnel.

At least annually, announced emergency drills will be conducted to test the adequacy
of training and content of specific implementing procedures and to test emergency
equipment. All drills will be critiqued. Coordinating drills will be held annually
with participating offsite agencies, testing as a minimum the communication links
and a warning authentication scheme.

General guidelines and criteria have been developed to determine when, following
an accident, reentry of the facility may be appropriate, or operation may be
continued. When emergency actions can be taken to alleviate a potentially
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hazardous situation, e.g., to prevent substantial and extreme loss of property,
eliminate further escape of effluents, or to control fires, whole body exposures
of 12.5 rem could be allowed for individuals participating in corrective actions.
An exposure limit for voluntary entry of areas tc remove injured persons is 75 rem.
Limits for emergency personnel performing emergency first aid, decontamination,
transportation or medical treatment services to injured persons are 25 rem whole
body and 125 rem thyroid. General guidelines for recovery and reentry are as
follows: all action would be preplanned, every reasonable effort would be made to
limit radiation exposures, risk vs benefit factors of the particular situation
would be considered, and reentry of a contaminated area would be supervised and
authorized by Cincinnati Gas and Electric management. Continued or renewed
operation of the facility during or after an emergency would be governed by the
Nuclear Regulatory Commission regulations and the operating license conditions for
the facility.

We reviewed the Zimmer Power Station Emergency Plan (Section 13.3 and Appendix F

of the Final Safety Analysis Report) and the applicant's fire protection systems
reviews submitted under cover letters dated February 4,1977, September 30, 1977,
November 31, 1977 and November 30, 1977 and find that these plans include measures
for coping with fire emergencies that conform with the applicable provisions of
Regulatory Guide 1.101, Revision 1. " Emergency Planning for Nuclear Power Plants."
In particular a satisfactory written agreement is in effect with the Washington
Township Fire Department, Moscow, Ohio, which assures the availability of
additional trained personnel and equipment for fire fighting support when called
upon. In addition, the applicant has provided for annual training of these
personnel to assure their necessary familiarity with the plant, access procedures,
and radiation protection precautions, and for their participation in an annual
drill or test exercise. (We note that the Clermont County (Ohio) emergency plan
calls for the New Richmond Fire District to provide backup support to the
Washington Township Fire Department, via mutual aid agreements between area fire
departments).

In summary, we conclude that the Zimmer Power Station Emergency Plan meets or
exceeds our requirements contained in Regulatory Guide 1.101, Rev. I and Appendix
E to 10 CFR, Part 50 and that the protective actions proposed therein are feasible
including evacuation, if necessary.

13.4 Review and Audit

The applicant described proposed provisions for the review and audit of plant
operations. They include the Station Review Board that will provide a continuing
review of plant operations and the offsite Operations Review Committee that will
provide an independent review and audit of plant operations. We reviewed the
provisions for the review and audit of plant operations and finds that they meet
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those described in Section 4 of Americs.) National Standards Institute N18.7-1976,
" Administrative Controls and Quality Assurance for the Operational Phase of
Nuclear Power Plants," and are acceptable. The details of these provisions will
be included in the facility Technical Specifications.

,

13.5 Station Procedures,

All safety-related operating, maintenance testing and modification activities are*

conducted in accordance with approved, written procedures meeting the requirements
of Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operations),"

;

' and American National Standards Institute N18.7-1972. Areas covered include
,

3
^

system operating procedures, plant operating procedures, special precedures, alarm
response procedures, procedures performed by nonlicensed personnel including g
maintenance and testing activities and administrative control procedures. Se
applicant's provision meets the requirements of 10 CFR, Parts 50.54(i), (j), (k),

"

(1J and (m). Procedures addressing activities associated with safety-related [*

structures, systems and components are forwarded to the Station Review Board for
review and comment. Upon final approval by the Station Superintendent, a

*' procedure becomes available for use.
4

|~ We conclude that the provisions for preparation, review, approval and use of

I[ written procedures are acceptable. ,

.

13.6 Plant Records s ,

.
4

The applicant has stated that he will maintain plant records in accordance with
- Regulatory Cuide 1.88, " Collection, Storage and Maintenance of Nuclear Power Plant

Quality Assurance Records," and we find this acceptable.
.

13.7 Industrial Security,
1

~

MThe applicant submitted a security plan on September 10, 1975. We reviewed the
plan and three subsequent revisions to the plan submitted between July 30, 1976

. and November 19, 1976 and conclude that the security plan as amended is in
,

conformance with existing criteria (i.e., Regulatory Guide 1.17, " Protection of
. Nuclear Power Plants Against Industrial Sabotage").

. In conformance with 10 CFR, Part 73.55, the applicant submitted an amended -

security plan dated May 25, 1977. This amended security plan has been reviewed /
and evaluated by us and a security plan review team will visit the plant site as 6

part of this overall evaluation. The results of the our evaluation have been ,j
discussed with the applicant so %3t the amended security plan can be modified, as
needed, to meet the performance requirements of Part 73.55. We will report on ;

- this matter in a supplement to this report.

t
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In accordance with 10 CFR, Part 73.55, full implementation of the Zimmer security
plan will be required prior to granting an operating license.

_
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14.0 INITIAL TEST PROGRAMS

14.1 Initial Tests and Operations

We reviewed the information provided in the Final Safety Analysis Report (through
Amendment 82, Revision 51) pertaining to the applicant's initial test program.
This review included an evaluation of:

(1) The applicant's organization and staf fing for the development, conduct, and
evaluation of the test program.

(2) The qualifications and experience of the principal participants managing and
supervising the test program.

(3) The administrative controls that will govern the development, conduct, and
evaluation of the test program.

(4) The degree of participation of the plant operating and technical staff in the
test program.

(5) The applicant's requirements pertaining to the trial-use of plant operating
and emergency procedures during the test program.

(6) The schedule for conducting the test program.

(7) The sequence of testing to be followed.

(8) The methods for conducting individual tests and the acceptance criteria to be
used in evaluating the test retults for plant structures, systems and components.

(9) The test progra.s's conformance with applicable Regulatory Guides including
1.20 (June 1975), " Comprehensive Vibration Assessment Program for Reactor

Internals During Preoperational and Initial Startup Testing"; 1.41 (March
1973), "?reoperational Testing of Redundant Onsite Electric Power Systems to
verify Proper Load Group Assignments"; 1.52 (June 1973) " Design, Testing and
Maintenance Criteria for Atmosphere Cleanup System Air Filtration and
Absorption Units of Light-Water-Cooled Nuclear Power Plants"; 1.68 (November
1973), "Preoperational and Initial Startup Test Programs for Water-Cooled
Power Reactors"; 1.68.1 (January 1977), "Preoperational and Initial Startup
Testing of Feedwater and Condensate Systems for Boiling Water Reactor Power
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Plants"; and, 1.80 (June 1974), "Preoperational Testirg of Instrument Air
Systems."

Our review also included an evaluation of the applicant's method for review of
reactor plant operating experiences that is being conducted to determine where
improvement or emphasis may be warranted in his initial test program. We conclude,
with the exceptians noted below, that the information provided in the application
shows that an acceptable iritial test program will be conducted in accordance with
the acceptance criteria in Section 14.2 of the Standard Review Plan.

14.1.1 Preoperational Test Program

The applicant's proposed tests of the essencial direct current systems do not
include demonstration of the capability of essential loads to operate at the
direct current systems Jesign bases minimum voltage level. The applicant
submitted some justification for omitting this testing in Final Safety Analysis
Report, Revision 46 (Amendment 76). We reviewed this information and concluded
that the justification is not adequate. We will require either that the applicant
include these demonstrations in his preoperational tests of the 125 volt and 250
volt direct current systems or provide further technical justification for their
omission. We will report resolution of this matter in a supplement to this
report.

14.1.2 The Startup Test Program

Because of changes to the test program recommended by the General Electric

Company, the applicant had not submitted revised descriptions of several of the
startup tests until recently. Therefore, we have not completed our review cf this
phase of the test program. We will complete our evaluation of the startup test
program and report the results in a supplement to this report.
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15.0 ACCIDENT ANALYSIS

Introduction

Two basic groups of events pertinent to safety are reparately evaluated in this
section: abnormal operational transients and accidents. In order for the
analysis of events in either group to be acceptable, it is required that an
accurate model of the reactor core be used, and that all appropriate systems whose
operation (or postulated misoperation) would af fett the event be included.
Transients are analy?ed to assure that they will not cause damage to either the
fuel or to the reactor coolant pressure boundary. Accidents, which will be far
less likely to occur than transients, may result in some fuel damage; they are
analyzed to determine the extent of fuel damage expected and to assure that

reactor coolant pressure boundary damage, beyond that assumed initially by the
accident, will not occur.

The acceptability criteria of analysis results for transients are that no fuel
barrier (cladding) damage will occur and that peak nuclear vessel pressure will
not exceed 110 percent of the design pressure (American Society of Mechanical
Engineers Boller and Pressure Vessel Code, Section III, Class I requirements are
met if nuclear system pressure remains below 1375 pot.nds per squa.e inch gauge,
which is 110 percent of the 1250 pounds per square inch gauge design pressure).
These two requirements will demonstrate, respectively, that the first radioactive
material barrier (the cladding) and the second barrier (the pressure vessel) will
be protected for abrormal operational transients.

For design basis accidant analyses, which evaluate situations that require func-
tioning of the engineered safety features (including contalmnent), it is necessary
to assure that no catastrophic fuel failures and no damage beyond that already
assumed to the reactor coolant pressure boundary occur. This is done by insuring
that peak fuel enthalphy remains below 280 calories per gram, the limit used in
Regulatory Guide 1.77, " Assumption used for Evaluating a Control Rod Ejection
Accident for Pressurized Water Reactors,' for the pressurized water reactor rod
ejection accident analysis and accepted by us for use as a fuel safety limit for
boiling rater reactors. The 280 calories per gram energy density value will
provide a conservative maximum limit to ensure that core damage from postulated
events will De miniaal and that both short term and long term core cooling
capability will not be impaired. Also, the peak cladding temperature must remain
below 2200 degrees Fahrenheit, as stated in 10 CFR, Part 50.46 for the loss-of-
c olant accident analysis. The Zimmer reactor will meet these limits.s
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For postulated accidents for which fuel damage is calculated, the extent of damage
is determined by cerelating fuel energy cont s it, cladding temperature, fuel rod
internal pressure, and cladding mechanical characteristics. These correlations
are substantiated by fuel rod failure tests and are presented in Section 4.4 and
Section 6.3 of the Final Safety Analysis Report.

15.1 Abnormal Operational Transients

The applicant analyzed several events expected to occur one or more times in the
life of the plant. It is to be demonstrated that all of these events are
terminated without exceeding specified acceptable fuel design limits (minimum
critical power ratio remains greater than 1.07) and the reactor coolant pressure
stays below 110 percent of design) as required by General Design Criteria 20 and

15.

The applicant used the following conservative assumptions:

(1) Steam flow rate corresponding to 105 percent of design;

(2) Fuel burnup conditions which provide conservative results;

(3) Scram reactivity based on 80 percent of total rod worth which accounts for a
stuck control rod as required by General Design Criterion 26; and,

(4) Void feedback modified to produce conservative power ef fects.

The transients were analyzed with the methods described in NEDO-10802, " Analytical
Methods of Plant Transient Evaluations for the General Electric Boiling Water
Reactor," which is still under consideration by us. In this regard, three turbine

trip tests were performed at t* Peach Bottom, Unit 2 plant. The purpose of the

tests was to provide experimental data for code verification and to improve the
The resultsunderstanding of integral plant. behavior under transient conditions.

irom this program have raised some questions about the analytical methods since
not all the test data .ere conservatively predicted by the current licensing
methods (As discussed in subsection 4.4.1 of this report). We will report
resolution of this matter in a supplement to this report.

The transients analyzed were protected by the following reactor scrams in
accordance with General Design Criterion 20:

(1) Nuclear system high pressure;

(2) Reactor vessel low water level;
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(3) Turbine stop valve closure;

(4) Turbine control valve fast closure;

(5) Main steam line isolation valve closure; and,

(6) Neutron monitoring system scram.

Time delays to trip for each scram signal were included in the analyses.

The recirculation flow control system was reviewed by us as discussed in
subsection 7.7.3 of this report.

The series of postula.ed events which involve loss of steam flow to the turbine
are: (1) generator load rejection; (2) turbine trip; (3) main steam isolation
valve closure; and (4) loss of condenser vacuum. The main steam isolation valve
closure results in the largest reactor coolant system overpressure transient (1199
pounds per square inch gauge- which is less than 110 percent design pressure).

The applicant's analysis of the generator load rejection without bypass results in
the largest reduction in the minimum critical power ratio (reduction of 0.17).
Based on these results, the minimum operation limit minimum critical power ratio
is 1.24. For this minimum initial operating minimum critical power ratio (1.24),
turbine trip without bypass results in a minimum transient value of 1.09. We

conclude from our review that the applicant's analysis is acceptable.

There are two transients which could cause unplanned additions to coolant inventory.
One, is the actuation of the high pressure core spray system the other is increase
in feedwater flow rate. High pressure core spray system actuation has a negligible
effect because high pressure core spray system flow is small compared to recir-
culatten flow. When feedwater flow is increased because of maximum flow demand,

reactor water level is increased which trips the turbine and feedwater pumps.
Initiation of scram is subsequently caused by turbine stop valve closure. The
reactor core isolation cooling system and high pressure core spray system are
actua'.ed subsequently when low water level is reached. The applicant stated that
the minimum critical power ratio is not limiting for this event. We agree with
the applicant's statement based on our review.

The transients which result in increased cooling are: (1) loss of feedwater
header, (2) recirculation flow controller failure, increasing flow. In the first
transient scram 15 initiated on high average power range monitor power; the

minimum critical Dwer ratio for this transient is calculated to be 1.11 which is
acceptable.
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The Zimmer Final Safety Analysis Report contains analysis of two similar events in
the category of flow controller failure resulting in increased recirculation
flow - opening of one or both of the recirculation system flow control valves. As
a result of the increase in core flow, neutron flux attains a level of 164 to 237

percent of rated value, causing a high flux scram, but surface heat flut never
exceeds 75 percent. The minimum critical power ratio remains above the safety
limit and the increase in reactor coolant system pressure is slight. These results
comply with applicable criteria and are acceptable.

Transients which involve reduction in coolant inventory include: (1) pressure
regulator failure (0 pen), (2) inadvertent safety / relief valve opening, (3) loss of
feedwater flow.

An open pressure regulator would cause excessive steam flow to the turbine, resulting
in system depressurization, formation of volds with consequent swelling of the
water level in the reactor vessel. The resultant level increase may cause turbine
trip or the main steam isolation valves may close when turbine pressure becomes
less than 825 pounds per square inch absolute. Minirnm critical power ratio is
reported to remain above 1.24 while the pressure rise is not significant.

Inadvertent safety / relief valve opening causes the plant to operate at a lower
pressure and a reduced powei level. Changes in minimum critical power ratio are-
calculated to be negi!gible. No immediate operator action is required; however,
the operator must eventually decide on whether the valve can be closed or he must
shut the plant down. We conclude that the applicable criteria have been met, thus
the transient is found to be acceptable.

Loss of feedwater causes the coolant level in the reactor vessel te drop which
actuates the high pressure core spray system and reactor core isolation cooling
system; the main steam isolation valves close and recirculation pumps trip. There
is no significant change in fuel thermal margins. Pressure it' the reactor vessel
remains below 110 percent design pressure because of safety valve operation. The
results of the transient are found acceptable because they satisfy all appropriate
design criteria.

Partial and complete loss of flow transients include: (1) single pump trip, (2)
two pump trip, and (3) recirculat) f!ow control failure - decreasing flow.

Two pump trip may occur as a result of loss of power. As the pumps coastdawn,
voids are formed causing level swell in the reactor vessel and the neutron flux to
decrease. Turbine trip is assumed to occur because of high water lesel. The
applicant reports that the minimum critical power ratio remains above the
operating limit (1.24). The pressure rise calculated dut ie the initial portion
of the transient is limited by the assumed opening of the turbine bypass valve
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In order to confirm the transient flow coastdown behavior analyzed above, pump
coastdown characteristics will be verified during preoperational testing. Any
deviations which would suggest a nonconservative analyses of transients or acci-
dents mest be explained.

The transient initiated by recirculation flow control failure, as reported by the
applicant, is not as severe as two pump trip and is therefore, acceptable.

There are three transients which could result in reactivity insertions: (1) con-
tinuous rod withdrawal at power, (2) continuous rod withdrawal at startup, and (3)
startup of an idle recirculation loop.

The rod block monitor prevents rod withdrawal beyond the point at which the minimum
critical power ratio is 1.08 during power operation. At startup, the average
power range monitors and intermediate range monitors provide adequate protection
against an out-of-sequence rod withdrawal. Both rod withdrawal incidents are,
therefore, prevented from causing fuel damage by violating minimum critical power
ratio limits. $1nce there is no pressure effect in these transients, the results
are acceptable. Startup of an idle recirculation Icop is not a limiting transient.

Loss of auxiliary power results in reduction of condenser vacuum, in turn, turbine
trip. Subsequently, complete loss of condenser vacuum results in main steam

isolation valve closure and scram. The results of the transient shows no signif-
icant change in fuel margin. $ystem pressure, relieved by relief mode operation
of the safety / relief valves results in pressure increases less than 100 pounds per
square inch @ a normal operating pressure.

Loss of in' trument air is reported to cause a normal plant shutdown. This
transien*. could occur as a result of air line rupture, loss of station auxiliary
power and offsite power. No design safety limits are violated and, thus, the
transient is acceptable.

We are currently reviewing the use of certain nonsafety grade equipment used to
mitigate the consequences of some abnormal operational transients such as feed-
water flow control failure on a generic basis. The conclusions reached from this
review, which may affect the operating minimum critical power rat ., will be
discussed in a supplement ta this report. In order to assure an acceptable level
of performance for Zimmer, our position is that the equipment relied upon to
mitigate the most limiting transient, the excess feedwater event, namely the
turbine bypass system and level 8 highwater level trip, be identified in the plant
technical specifications with regard to availability, setpoints and surveillance
testing. The applicant has been requested to submit his plan for implementing
this requirement along with any system modifications that may be req; ired to
'ulfill tne requirements.
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We find the results of the analyses of abnormal operating occurrence acceptable

pending completion of the generic review of credit taken for nonsafety grade
equipment.

15.2 Accidents

in our review we noted that tha inputs for recirculation pump trip and reactor
scram following generator load rejection or turbine trip originated in the turbine
building which is not seismically qualified. The applicant was required to analyze
the consequences of a safe shutdown earthquake event without taking credit for
nonseism:cally qualified equipment including reactor scram or recirculation pump
trip from these trip inputs and, in the case of load rejection, including the
effect of turbine overspeed on recirculation flow. For the worst case, the analysis
showed that six percent of the fuel rods would experience boll'ng transition. We
calculated the radiological consequences of this event assuming that six percent
of the fuel rods perforated and found that the resulting doses to the public
(subsection 15.3.7 of this report) are a small fraction of the dose guidelines of
10 CFR Part 100 and are, therefore, acceptable.

The applicant analyzed a pump shaft seizure accident. Reactor scram is sufficient
to preclude violating the safety limits minimum critical power ratio (1.07) and
therefore no fuel damage occurs. The reactor vessel pressure decreases throughout
the event. The results of these analyses are acceptable since neither fuel or
primary system behavior were predicted to violate our criteria.

The General Electric Company topical report NED0-20626, " Studies of BWR Designs

for Mitigation of Anticipated Transients Without Scram," is a generic study of
methods to mitigate the consequences of anticipated transients without scram. The
results of our review of this report are presented i.1 WASH-1270, " Status Report on

Anticipated Transients Without Scram," dated December 9, 1975.

The status report specified additional analyses and design changes needed to meet
the safety objectives of WASH-1270. In September 1976 General Electric Company
submitted additional generic analyses in conformance with the Status Report
requirements.

A reevaluation of the potential risks from anticipated transients without scram
has been published in NUREG-0460, Volumes 1 and 2, " Anticipated Transients Without

Scram for Light Water Reactors." The status of NUREG-0460 is described below:

(1) In April 1978, we published the report NUREG-0460 on anticipated transients
without scram. The recommendations included design criteria for plants such
as Zimmer and recommended rulemaking to establish such criteria.
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(2) The report, at present (September 1978), is under review by the Advisory
Committee on Reactor Safeguards and the Office of Nuclear Reactor Regulation.
After completion of the review, now estim-ted by January 1979, the Office
Director, Nuclear Reactor Regulation, will forward his recommendations to the
Commission.

(3) After deliberation, the Commission will act upon the matter. Whether it will
agree to rulemaking is speculative at this time. If rulemaking is initiated
by the Commission, we would expect that any rule adopted would include an
implementation plan for all classes of plants.

The Zimmer unit would be required to provide plant modifications in
conformance with anticipated transients without scram criteria and schedular
requirements provided in the rule or as adopted by the Commission.

15.3 Deslan Basis Accidents
15.3.1 Radio'ogical Consequences of Accidents

The applicant calculated the offsite doses resulting from the various postulated
design basis accidents in order to demonstrate the effectiveness )f the engineered
safety features. In addition, we independently performed similar calculations for
the loss-of-coolant, fuel handling, and control rod drop accidents and compared
our results with those of the applicant. Our acceptance criteria are that the
doses from these postulated accidents (as evaluated by us) be within the exposure
guidelines of 10 CFR, Part 100. As indicated in Regulatory Guide 1.3, " Assumptions
Used for Evaluating the Potential Radiological Consequences of a Loss-of-Coolant
Accident for Boiling Water Reactors," the exposure guidelines considered appropri-
ate at the operating license review stage are 25 rem whole body and 300 rem thyroid.

On the basis of our experience with the evaluations of the steam line break accident
for boiling water reactor plants of similar design, we conclude that the conse-
quences of this accident can be controlled by limiting the permissible radio-
activity concentrations in the reactor coolant so that potential offsite doses
will be acceptably small. We will include limits in the Technical Specifications
on the coolant activity concentrations such that the potential two-hour doses at
the minimum exclusion distance, as calculated by us for this accident, will be
appropriately small fractions of the guidelines values of 10 CFR, Part 100.

15.3.2 Loss-of-Coolant Accident (Radiological Consideration )
Direct Leakage Contributions

A design basis loss-of-coolant accident was postulated for the William H. Zimmer
Nuclear Power Station. The station includes secondary containment systems to

mitigate the offsite doses resulting from a loss-of-roolant accident.

15-7



In calculating the consequences of the postulated Ivss-of-coolant accident, we
used the conservative assumptions presented in Degulatory Guide 1.3, " Assumptions
Used for Evaluating the Potential Radiological Consequences of a Loss-of-Coolant
Accident for Bolling Water Reactors." 1he primary containment was assumed to leak

at a constant rate of 0.635 percent of the containment volume per day for the
duration of the accident. Our assumptions are shown in Table 15-2.

The pressure within the reactor building is at a negative pressure of -0.25 inches
water gauge during normal operation and the air in this region is exhausted tlrough
the normal ventilation system. Upon receipt of a loss of-coolant-accident signal,
the normal ventilation system is switched off and the standby gas treatment system
is switched on. The applicant's analysis indicates that during this change-over a
pressure transient occurs within the reactor building such that the pressure
increases to a maximum of -0.16 inches of water gauge and then returns to a value
cf -0.25 inches of water gauge. The total duration of this transient was conserva-
tively estimated to be as long as five minutes. Thus the pressure within the
reactor building is not expected to become positive, although it may exceed a
value of -0.25 inches of water gauge during this period. Maintenance of a negative
pressure is required as a criterion for precluding direct outleakage. A value of
-0.25 inches of water is typically used to assure that no local positive pressure
exists in portions of the secondary containment building volume due to var'ous
atmospheric effects such as winds and temperature differences.

We evaluated the specific features of the reactor building vr lation system and
noted that the air volume in the reactor building annulus - about ten times

6 5larger than that of the primary cnntainment (2.65 x 10 feet vs. 2.73 x 10
cubic feet), and that the air currents and flow patterns established by the normal
ventilation system (using high velocity jet diffusers) provided considerable
coverage of air mixing throughout the reactor building air volume. Due to the
presence of significant mixing, we would expect that the primary containment
leakage would be mixed thoroughly with the reactor building air prior to treatment
by the standby gas treatment system. We conclude, therefore, that it is conserva-
tive to assume only a portion of the reactor building air as being available for
mixing during the first five minutes af ter a loss of-coolant accident signal but
that direct leakege is not likely to occur. -

Nonetheless, in our analysis we assumed conservatively that the primary contain-
ment leakage was mixed with only 50 percent of the reactor building air during
this period and that exfiltration occurred from 0-5 minutes. We found that the
resulting loss-of-coolant accident doses were within the guideline 'ues of
10 CFR,'Part 100. We further examined the sensitivity of our ass;mation con-
cerning the degree of mixing. We found that the loss-of-coolant accident doses
were within the guideline values of 10 CFR, Part 100 even for mixing fractions
well below 50 percent of the reactor building air assumed in the analysis.
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The resultant calculated doses from this release path are shown in Table 15-1; at
the exclusion radius these are 12 rem to the thyroid and 10 rem to the whole body
and at the low population Zone these are three rem to the thyroid and four rem to
the whole body.

Main Steam isolation Valve Leakage Contribution

The loss-of-coolant accident doses include the contribution of activity released
by the main steam isolation valves. For this contribution we assumed that one of

the fcur inboard main stoam isolation valves failed to close, thus allowing
contaminated steam to travel to the outboard main steam isolation valves and be
reletsed directly to the environment for 20 minutes until the reactor operator (.an

activate the main steam isolation valves leakage control system. For the other
steam lines, contaminated steam is isolated by the inboard valve. In the line
with the failed valve the outboard main steam isolation valve is assumed to leak
at its Technical Specification leak rate of 11.5 cubic feet per hour, all of which

is collected by the leakage control system after 20 minutes. This leakage is
processed directly by the reactor building recirculation and standby gas treatment
system before'it is released to the environment. The other three lines leak only
clean steam during this time. After 2.9 hours plug flow calculations indicate

that the clean steam will have been replaced with contaminated steam and we assume
that the pressure from the trapped steam in the 20 foot length of steam line
between the inboard and outboard valves of the three other steam lines reached
35 pounds ner square inch or less and, by design, the inboard leakage control system
would begin to function. This results in a total 1 -kage of 46 cubic feet per

hour of contaminated steam for the time periods beyond 2.9 hours. The assumptions
for the dose model for the main steam line leakage control system are listed in
Table 15-2. The radiological consequences of the loss-of-coolant accident are
reported in Table 15-1.

Emergency Core Cooling Leakage Contribution

As part of the loss-of-coolant accident we also evaluated the consequences of
leakage of containment sump water which is circulated by the emergency core
cooling system after a postulated loss-of-coolant accident. We assumed the sump
water contains a mixture of iodine fission products in agreement with Regulatory
Guide 1.7, " Control of Combustible Gas Concentrations in Containment Follewing a
Loss-of-Coolant Accident." After the loss-of-coolant accident this water is
circulated into the reactor building to be cooled. If a source of leakage should

develop a portion of the iodine could become gaseous and exit to the reactor
building atmosphere. Our calculation of the dose resulting from operational
leakage of engineered safety feature equipment is a small fraction of 10 CFR
Part 100 guidelines. Areas housing equipment circulating containment sump water
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TABtE 15-1

RADIOLOGICAL CONSEQUENCFS OF DESIGN BASIS ACCIDENTS

0-2 Hour Doses, Exclusion 0-30 Day Doses, Low
Ares Boundary, rem Population Zone, rem

Postulated Accident Thyroid Whole Body Thyroid Whole Body

Loss-of-Coolant 12 10 3 4

Main Steam Isolation Valve 2 3 3 .

Total * 14 13 6 7

Fuel Handling 15 9 F1 F1

Control Rod Drop 57 11 6 F1

Fincludes contribution from Main Steam Isolation Yalve leakage

15 10



TABLE 15-2

ASSUMPTIONS USED TO CALCULATE LOSS-OF-COOLANT ACCIDENT DOSES

Power Leve! 2533

Operating Time (years) 3

Core Fraction Released to Drywell (pe. e.it):

Noble Gases 100
Iodine 25

Primary Containment Leak Rate (percent per day) .635

5Containment Free Volume (cubic feet) 2.730 x 10
6Reactor Building Free Volume (cubic feet) 2.65 x 10

Reactor Building Mixing Fraction (percent)
(after positive pressure period) 50

Bypass Leakage (percent) 0

Reactor Building Recirculation System Flow Rate
(cubic feet per minute):

Exhaust 2300
Recirculation 77,000

Standby Gas Treatment System Filter Efficiencies
for Iodines (percent)

Elemental 99
Organic 99
Particulate 99

Main Steam Isolation Valve
Filtered Contaminated Leakage (cubic feet per hour):

0-2.9 hours 11

> 2.9 hours 46

Minimum Exclusion Area Boundary, EB (meters) 250

Low Population Zone Distance, LPZ (meters) 4827

Atmor'heric Ciffusion (X/Q) values (seconds per cubic meter):

0-2 surs, Exclusion Area Boundary 7.1 x 10
0-8 nsurs, Low Population Zone Boundary ' 2 x 10
8-24 hours, Low Population Zone Boundary 5.4 x 10,5

. -

51-4 days, Low Population Zone Boundary 2.8 x 10-64-30 days, Low Population Zone Boundary 9.5 x 10
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.

are located in the reactor building anj releases to the reactor building resulting
from leakage of that sump water would be treated by the charcoal filters of the
standby gas treatment system.

We conclude that ooses resulting from the postulated leakage of post-loss-of-
"

coolant accident recirculation water from pump seals, valve packings, etc., are
low and, when added to the direct leakage loss-of-coolant accident doses, result ,

in total doses that are within the guideline values of 10 CFR Part 100.

15.3.3 Fuel Handling Accident p

for this accident, it is af .d that a fuel assembly is dropped by the refueling
crane into the reactor core or spent fuel pool. Should such an accident occur,
the radiation detectors will automatically isolate the reactor building, shut off
and isolate the normal ventilation system, and start the standby gas treatment
system. The applicant stated that the transport time for any gases released from
the pool to the isolation vr.lves in the ventilation system is 11 seconds and that
tne value closure will not exceed 10 seconds. Our evaluation confirms the
applicant's analysis. With the operation of this engineered safety feature,
fission products released to the reactor building air will be filtered before
release, even if all the fission products are released immediately.

In the evaluation of the fuel handling accident, the applicant assumed that the
claddirg on 125 fuel rods is damaged (equivalent to more than two fuel assemblies)
24 hours after reactor shutdown. With respect to the fuel handling accident, the
applicant calculated that 63 fuel rods in the dropped assembly will fail, plus 62 -

''

additional rods in the struck assemblies. Based on lower fuel temperatures in the
8x8 design, we conclude generically that the consequence of the fuel handling
accident with the 8x8 fuel assembly would not exceed that with the 7x7 assemblies.

g
We independently evaluated the radiological consequences of this accident using
these assumptions as well as the conservative assumptions given in Regulatory
Guide 1.25 " Assumptions Used for Evaluating the Potential Radiological Con-
sequences of a Fuel Handling Accident in the Fuel Handling and Stoiage Facility
for Boiling and Pressurized Water Reactors."

All of the radioactivity is assumed to be released after processing by the standby
gas treatment system filters. Our assumptions are listed in Table 15-3. The

resultant calculated doses are shown in Table 15-1 and are 15 rem to the thyroid g
"

and nine rem to the whole body at the exclusion boundary and at the low population
zone are less than ore rem to the thyroid and to the whole body. T%i doses are
well within the 10 CFR, Part 100 guidelines.

.
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TABLE 15-3

ASSUMPTIONS USED TO CALCULATE FUEL
HANDLING ACCIDENT DOSES

Power Level (megawatts thermal)
2533

Total Number of Fuel Rods in Core 35,280
Number of Fuel Rods Damaged

125
Power Peaking Factor

1.5
Shutdown Time (hours)

24

Fraction of Fuel Rod Activity Released to Pool
lodines and Noble Gases (percent)

10

Pool Decontamination Factors:

Iodines
Noble Gase. 100

1

Reactor Building Standby Ventilation System Filter
Efficiency (percent)

99

Atmospheric Diffusion Coefficient Value:

@ Exclusion Area Boundary (seconds per cubic meter) 7,1 x 10
@ Low Population Zone Boundary (0-8 hcurs) 9.2 x 10
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15.3.4 Control Rod Orop Accident

For the postulated control rod drop accident, it is assumed that a bottom entry
.

control rod has been fully inserted and has stuck in this position, 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.

The radiological consequences of this accident were evaluated using the criteria "

These criteria are the same as those used in the constructiondescribed below.
permit review and are more conservative than the criteria subsequently issued in

.

4
The mostthe Standard Review Plan 15.4.9, " Spectrum of Rod Drop Accidents (BWR)."

reactive control rod assembly is assumed to drop out of the core causing 770 fuel
#These rodsrods to exceed a calculated energy input of 170 calories per gram.

were assumed to perforate, releasing 100 percent of the containeJ noble gases and
.

4

Of the halogens
50 percent of the contained halogens to the reactor coolant system.
released from the affected rods, 90 percent are assumed to be retained in ..ie

~

,

primary system and one-half of the remain:ng halogens are assumed to be removed by
All of the noble gases and 2.5 percent of the halogens are assumed to

,

plate-out.
-

be released from the primary system through the condenser vacuum pump system to
A conservative ground level r? lease was assumed, using X/Q valuesthe atmosphere.

,

determined by onsite measurements. Our assumptions are listed in Table 15-4. For 4+

* :
The

^ ~ this accident, the 24-hour time interval is the full course of the accident.
resulting doses shown in Table 15-1 are well within the 10 CFR, Part 100 guidelines. .

,

The analysis of the rod drop accident was performed by General Electric Company on*

a generic basis and presented in NED0-10527, " Rod Drop Accident Analysis for Large
We have reviewedBoiling Water Reactors," and bpplements 1 and 2 to this report.

- these reports. NED0-10527 has been accepted by us in a letter to the General
'

Electric Company dated 4/17/74. The results of our review of the supplew 5 is
' presented in our report to the Advisory Committee on Reactor Safeguards (..asche to

Farley, eated June 7,1976) detailing the resolution of Generic Item II A-2.j

4

- These analyses are performed under the following conditions:

" (1) a5nical Specification values of scram time,
y

N
(2) Measured rod drop velocities plus 3 standard deviations, and

*
(3) Worst time in life.

*

On the bases of these analysis, a value for the inserted reactivity worth which
,

produces a resultant peak fuel enthalpy greater than 280 calories per gram is
This value has been determined to be greater than 0.013 Wk/k. ,

.

obtained."

.

-

_

-

e
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TABLE 15-4

ASSUMPTIONS USED TO CALCULATE CONTROL R0D DROP ACCIDENT DOSES

Numver of Fuel Rods Involved 770

Fraction of Fission Product Inventory Released to
Coolant (percent):

Noble Cases 100
lodines 50

Peaking Factor 1. 5

lodine Fraction Released to Condenser (percent) 10

Iodine Fraction Plate-Out in Condenser (percent) 90

Condenser Leak Rate (percent per day) 1.0

Atmospheric Diffusion (X/Q) Values (seconds per cubic meter)

9.2x10|
0-2 hours, Exclusion Area Boundary 7.1 x 10'.0-8 hours, Low Population Zone Boundary
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Zimmer is equipped with a rod worth minimizer and a rod sequence control system
which restricts rod motion to the banked position withdrawal sequence (see
subsection 4.3. of this report). This sequence limits the maximum potential rod
worth to less than 0.01 ak/k for normal operation and to less than 0.013 ak/k for
the maximum permitted number (8) of inoperable rods. We conclude that Zimmer is
adequately protected against a rod drop accident having a peak fuel enthalphy of
280 calories per gram.

While the Zimmer plant meets all current requirements for the postulated rod drop
accident, recent research results suggest that present fuel damage limits should
be reevaluated. Although we are currently reviewing these fuel damage limits, no
decision has been made to alter requirements of the rod drop accident analysis.
Should any such licensing requirements be changed in the future, the effects of
such changes would be evaluated for all plants including Zimmer.

15.3.5 Operation of Fuel Assembly in Improper Position

The consequences of operating a fuel assembly in an improper position were evalu-
ated by the applicant. The assembly average enrichment is the same for each
bundle in the core. However, burnable poison loadings in the peripheral bundles
are smaller than those in the interior bundles. The operation of a peripheral
bundle in an interior position would result in increased heat generation rates and

~

reduced minimum critical power ratio in the misplaced bundle. Analysis shows that
the bundle power would be increased by 8.1 percent, the nodal power increased by
six percent and the minimum critical power ratio reduced by eight percent. These
changes are well within the operating margins for Zimmer and we conclude that
normal operation with a misloaded bundle does not violate any safety limits.

15.3.6 Postulated Radioactive Releases Due to Liquid Tank Failures

The consequences of component failures for components located outside the reactor
containment which could result in releases of liquid containing radioactive mate-

rials to the environs were evaluated. Considered in our evaluation were (1) the
radionuclide inventory in each component assuming a one percent operating power
fission product source term, (2) a component liquid inventory equal to 80 percent
of its design capacity, (3) the mitigating effects of plant design including
overflow lines and the location of storage tanks in curbed areas designed to
retain spillage, and (4) the effects of site geology and hydrology.

Ine applicant incorporated provisions in the design to retain releases from liquid
overflows as discussed in subsection 11.2.1 of this report. In the event of a
spill, we postulated liquid flow directly to the groundwater beneath the location
of the tank. The flow was assumed to seep through the ground and flow along the
shortest pathway to the Ohio River, adjacent to the site, and mix with the lowest
average annual flow of record for the Ohio River. We calculated an overall

7dilution factor of 1.4 x 10
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Based on our evaluation, the potential tank failure resulting in the greatest
quantity of activity released to the environment is failure of the waste collector
tank. The tank is assumed to contain radionuclides at approximately 25 percent of
the primary coolant activity level for the design basis fission product inventory
stated above. In our evaluation, we determined the liquid transit time for the
leakage to the river to be 46.7 days. Considering the leakage dilution and transit
time, the calculated radionuclide concentrations in the Ohio Rivt, result in
values that are small fractions of the limits of 10 CFR, Part 20, Appendix 8
Table II, Column 2, for unrestricted areas. Based on the foregoing evaluation, we
conclude that the p.ovisions ir rporated in the applicant's design to mitigate
the effects of component fallu .s involving contaminated liquids are acceptable.

15.3.7 Generator Load Rejection / Turbine Trip

We have performed an independent analysis of the event described in subsection

15.2 of this report. It is postulated that a seismic event occurs causing a
turbine trip or load rejection and the multiple sensors located in the non-seismic
turbine building fall to provide a reactor scram signal or a recirculation pump
trip signal. It was assumed that the only pathway for relief of the pressurized
primary coolant is the relief valve discharge to the suppression pool. Flow to
the consenser would be stopped by the turbine stop, throttle and bypass valves.

At a peak clad temperature less than 1420 degrees Fahrenheit, fuel clad perfora-
tion is not expected to occur, at least not in the five-second period for closure

of the main steam line isolation valves. If it is nevertheless assumed that 6
percent of the fuel rod cladding perforates as a result of reaching boiling
transition the resulting radioactivity would be discharged via the relief valves
to the suppression pool.

Our position involving release of fuel rod gap activity is that the fuel rod gaps
contain 10 percent of the rod's lodine activity and 10 percent of the rod's noble
gas activity. With 6 percent of the total rods release of gap activity, a total
of 0.6 percent of the core activity would have been released to the primary
containment (suppression pool) from whence it is conservatively postulated to leak
at the design basis leak rate.

Since our analysis of the postulated loss of coolant accident for the Zimmer plant
assumed that a 25 percent of the core lodines and 100 percent of the core noble
gases were available for leakage from the primary containment, the calculated
thyroid and whole body doses would be less than 1 percent of the loss of-coolant
accident doses.

Based on the cal'ulated low consequences of this accident, we conclude that the
design meets the seismic requirements of Appendix A to 10 CFR, Part 100 and that
additional seismic design requirements are not required to mitigate the con-
sequences of a turbine trip without bypass.
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16.0 TECHNICAL SPECIFICATIONS

The technical specifications in a license define certain features, characteristics

and conditions governing operation of a facility that cannot be changed without
prior approval of the Comission. The finally approved technical specifications
will be made a part of the operating license. Included will be sections covering
safety limits, limning safety system settings, limiting conditions for operation,
surveillance requirements, design features, and administrative controls.

At the time of submittal of the Final Safety Analysis Report, the applicant had
proposed technical specifications in Chapter 16. Shortly thereafter, we informed
the applicant that we intended to use the Standard Technical Specifications for
Boiling Water Reactors as the basis for development of the final technical
specifications for Zimmer Unit 1.

The Standard Technical Specifications for BWR/S plants to be used as the basis for
the plant technical specifications have been updated as a result of their applica-
tion to technical specifications for other plants and also of contineed discussion
with General Electric Company and applicants with boiling water reactors.

On the basis of our review we conclude that normal plant operation within the
limits of the finally approved technical specifications will not result in
potential offsite exposures in excess of the 10 CFR, Part 20 limits. Furthermore,
the limiting conditions for operation and surveillance requirements will assure
that necessary engineered safety features will be available in the event of
malfunctions within the plant.
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17.0 QUALITY ASSURANCE

General

The description of the quality assurance program for the operations phase of the
William H. Zimmer Nuclear Power Station, Unit No. 1 is contained in Section 17.2
of the Final Safety Analysis Report through Revision 50. Our evaluation of this
quality assurance program is based on a detailed review of this information and
discussions with representatives of Cincinnati Gas & Electric Company to assess if
the quality assurance program for the operations phase complies with the require-
ments of Appendix B to 10 CFR, Part 50 and supplemental guidance contained in

Regulatory Guides 1.8, " Personnel Selection and Training"; 1.30, " Quality
Assurance Requirements for the Installation, Inspection and Testing of Instru-
mentation and Electric Equipment"; 1.37, " Quality Assurance Requirements for
Cleaning of fluid Systems and Associated Component of Water-Cooled Nuclear Power

Plants"; 1.38, " Quality Assurance Requirements for Packaging, Shipping, Receiving,
Storage, and Handling of Items for Water-Cooled Nuclear Power Plants"; 1.39,
" Housekeeping Requirements for Water-Cooled Nuclear Power Plants"; 1.54, " Quality
Assurance Requirements for Protective Coatings Applied to Water-Cooled Nuclear

Power Plants"; 1.58, " Qualification of Nuclear Power Plant Inspection, Examination
and Test Personnel"; 1.64, " Quality Assurance Requirements for the Design of
Nuclear Power Plants"; 1.74, " Quality Assurance Terms and Definitions"; 1.88,
" Collection, Storage, and Maintenance of Nuclear Power Plant Quality Assurance
Records"; and 1.94, " Quality Assurance Requirements for Installation, Inspection
and Testing of Structural Concrete and Structural Steel During the Construction
Phase of Nuclear Power Plants"; as well as American National Standards Institute
StandarJs N18.7-1976, N45.2.8-1975, N45.2.12 (Draft 4, Revision 2) and
N45.2.13-1976.

17.1 Oroanization

The organizational structure responsible for the operation of Zimmer and for the
establishment and execution of the operations phase quality assurance program is
shown in Figure 17-1. The President of Cincinnati Gas and Electric Company has
the overall responsibility for the engineering, design, procurement, construction,
operation, and quality assurance activities of Zimmer. He has delegated the
authority for quality assurance to the Principal Quality Assurance & Standards
Engineer who manages the quality assurance organization.

The Principal Quality Assurance & Standards Engineer reports to the
Manager-General Engineering Department but maintains open lines of communication
to the Vice President-Engineering Services & Electric Production and the
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Station Quality Engineer. The Principal Quality Assurance & Standards Engineer
has the responsibility for establishment, effective implementation, and control of
the quality assurance program. The quality assurance organization has the authority
to identify Quality problems; to initiate, recommend, or provide solutions; to
verify implementation of solutions; and to stop unsatisfactory work or stop further
processing of uns nisfactory material.

The Manager-General Engineering Department and the Manager-Electric Production
Depa-tment are responsible for the d.tvelopment, direction, and overall coordi-
nation of engineering support activities and for the operation and maintenance of
Zimmer, respectively, during the operating phase of the station. The Manager of
Electric Production has delegated the responsibility of the day-to-day operation
and maintenance activities for Zimer to the Superintendent of the Electric

Production Department.

The Station Superintendent, who reports to the Manager of Electric Production
Department, is primarily responsible for operating Zimer in compliance with the
requirements of the operating license and the Quality Assurance Manual. The
resolution of disputes on the quality assurance program requirements arising
between quality assurance / quality control personnel and other department personnel
will follow the lines of responsibility designated in Figure 17-1 culminating at
the highest level of management necessary for resolution.

The Station Quality Engineer, who reports to the Station Superintendent, communi-
cates directly with the Principal Quality Assurance & Standards Engineer in matters
relating to the policies and practices of the operational quality assurance program.
He independently monitors maintenance and operation activities to assure the
implementation of the operations quality assurance program at the plant. Both the
quality assurance organization and the Station Quality Engineer have been given
the responsibility for: reviewing and approving quality related documents (e.g.,
instructions, procedures, drawings, and specifications); performing vendor quality
assurance prequalifications; assuring that procurement documents contain require-
ments which can be inspected and controlled to meet predetermined acceptance

criteria; surveillance, inspection, and auditing of vendors; documenting and
reporting to responsible management any nonconformance discovered in the course of
surveillance or audit; assuring corrective actions are effective and accomplished
in a timely manner; and auditing of maintenance and operation activities.

The Station Review Board, which is chaired by the Station Superintendent, is
responsible for the technical aspects te.g., reviews all procedures, and changes
thereto, proposed tests and experiments, and proposed modifications to plant
systems that affect nuclear safety) of the station but coordinates its activities
with the Station Quality Engineer to ensure that app' Wle quality aspects of
station operation are satisfied. Membership in the Station Raview Board is shown
in Figure 17-1.
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The Operations Review Committee reports to the Vice President-Engineering Services
& Electric Production and is responsible for independent reviews and audits to
assure that the operation of the plant is performed in a safe manner and is
consistent with license provisions, administrative and quality assurance
procedures, and Cincinnati Gas and Electric Company policies. The Vice
President-Engineering Services & Electrical F oduction may instruct the Operating
Review Committee to conduct an audit of any activity at any time to determine
compliance with or the effectiveness of the policies and practices established in
the quality assurance program. The Operating Review Committee is composed of a
Chairman and four members, who collectively have the experience and qualifications
to review and audit the designated activities, and qualified technical
consultant (s) as required.

17.2 Quality Assurance Program

The quality assurance program for the operation of Zimmer implements the require-
ments of Cincinnati Gas and Electric Company's quality assurance policies via the
Quality Assurance Manual, administrative, and operating procedures. These three
levels of documents control quality related activities involving safety-related
items to comply with the requirements of Appendix B to 10 CFR Part 50. Cincinnati
Gas and Electric Company's program requires that implementing documentation
encompasses: detailed controls for translating codes, standards, regulatory
requirements, technical specifications, engineering and process requirements into
drawings, specifications, procedures and instructions; develop:ng, reviewing, and
approving procurement documents, including changes; prescribing all quality
related activities by documented instructions, procedures, and drawings; issuing
and distributing Uproved documents; purchasing items and services; identifying
materials, parts and components; performing special processes; inspecting and/or
testing materials, equipment, processes or services; calibrating and maintaining
measuring and test equipment; handling, storing and shipping of items; identifying
the inspection, test and operating status of items; identifying and dispositioning
nonconforming items; correcting conditions adverse to quality; preparing and
maintaining quality assurance records; and auditing of activities which affect
quality.

An indoctrination and training program is established to assure that personnel
performing activities affecting quality are knowledgeable in quality assurance /
quality control requirements, implementing procedures and instructions; and demon-
strate a high level of competence and skill in the performance of their quality
related activities.

Quality is verified through checking, review, surveillance, inspection, testing
and audit of quality related activities. The quality assurance program requires
that quality verification be performed by individuals who are not directly
responsible for performing the actual work activity. Inspections are performed in
acco,' dance with procedures, instructions and/or checklists approved by the Station
Superintendent and the Principal Quality Assurance and Standards Engineer.
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Inspections are performed by qualified personnel who are trained in accordance
with Cincinnati Gas and Electric Company's training programs. Nondestructive
examination personnel are certified in accordance with Society for Nondestructive
Testing Standard-TC-1A.

External audits of vendors and service contractors and internal audits of all
aspects of the quality assurance program are conducted by the quality assurance
organization. In addition, the Station Quality Engineer provides a direct onsite
audit function, and the Operating Review Committee provides an independer,L
management evaluation of plant maintenance and operation activities. Audits are
performed in accordance with preestablished written procedures by appropriately
trained personnel not having direct responsibilities in the areas being audited.
The audit function, which is conducted at scheduled intervals and/or on a random
unscheduled basis, includes an objective evaluation of the effectiveness of imple-
mentation of the quality assurance program; the adequacy of and compliance with
quality assurance policies, practices, procedures and instructions; the adequacy
of work areas, activities, processes, items, and records, and product compliance
with applicable engineering drawings and specifications.

The quality assurance program requires documentation of audit results and review
by management having responsibility in the area audited to determine and take
corrective action needed, if any. Followup audits are performed to d .iine that
nonconformances are effectively corrected and that the corrective action precludes
the effectiveness of the quality assurance program, are also reported to
responsible management including the President for review and assessment.

17.3 Conclusion

Our review of the Zimmer program description for the operations phase has verified
that the criteria of Appendix 8 to 10 CFR, Part 50 have been adequately addressed
in the Zimmer quality assurance program.

Based on our detailed review and evaluation of the quality assurance program
description contained in Section 17.2 of the Final Safety Analysis Report, through
Revision 50, for the William H. Zimmer Nuclear Power Station, Unit No. 1, we
conclude that:

(1) The quality assurance organization of the Cincinnati Gas and Elect.ric Company
is provided sufficient independence from cost and schedule (when opposed to
safety considerations), sufficient authority to effectively carry out the
operations quality assurance program, and sufficient access to management at
a level necessary to perform their quality assurance functions.

(2) The quality assurance program description contains adequate quality assurance
requirements and a comprehensive system of planned and systematic controls
which address each of the criterion of Appendix 8 to 10 CFR, Part 50 in an
acceptable manner.
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18.0 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFECUARDS

The William H. Zimmer Nuclear Power Station application for a one unit facility is
being reviewed by the Advisory Committee on Reactor Safeguards. We intend to
issue a supplement to this safety evaluation report after the Committee's report
to the Commission relative to its review is evallable. The supplement will append
a copy of the Committee's report and will address omments made by the Committee,
and will also describe steps taken by us to resolve any issues raised as a result
of the Committee's review.
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19.0 COMMON DEF[ HSE AND SFCURITY

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

jurisdiction of the United States and that all of the directors and principal
officers of the applicants * are United States citizens. The applicants are not
owned, dominated, or controlled by an allen, a foreign corporation, or a foreign
government. TP ictivities to be conducted do not involve any restricted data,

but the Cincin. 1 Gas and Electric Company agreed to safet.ard any such data
which might becor.e involved in accordance with the requirements of 10 CFR, Part 50.
The applicants 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 for military purposes will be involved. For these reasons and in the
absence Cf any information to the Contrary, we find that the activities to be
performed will not be inimical to the common defense and security.

" Cincinnati Gas and Electric Company

Columbus and Southern Ohio Electric Company

Dayton Power and Light Company

19-1
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20.0 FINANCIAL QUALIFICATIONS

20.1 Introduction

The Nuclear Regulatory Comission's regulations relating to the determination of
an appilcant's financial qualifications for a facility operating license appear in
Section 50.33(f) and Appendix C to 10 CFR, Part 50. At our request, Cincinnati
Gas and Electric Company, Columbus and Southern Ohio Electric Company, and Dayton

Power and Light Company submitted financial informath,n regarding estimated operating
and decomissioning costs for the Zimer Nuclear Power Station, Unit No.1, along
with additicnal material covering the applicants' financial status. The following
analysis summarizes our review of this submittal a d addresses each app'icant's
financial qualifications to operate, and, if necessary, permanently shu down and
safely maintain the subject facility.

20.2 Estimated Operatir,9 and Shutdown Costs

for the purpose of estimating the facility's operating costs, the applicants
assumed that 1979 would be the first full year of commercial operation. Estimates
of the total annual cost of operating the Zimer plant for each of the first five
years are presented in Table 20-1. The unit costs (mills per kilowatt-hour) are

based on a net electrical capacity of 792 Megawatt-electric.

TABLE 20-1

ESTIMATE OF TOTAL ANNUAL COST

Plant Capacity Factor Operating Cost Estimate Mills /KWh

(thousands)

1979 65.4% $140,705 31.01

1980 58.6% $132,963 32.70

1981 75.4% $135,395 25.88

1982 76.8% $131,658 24.71

1983 76.2% $130,827 24.75

5 year average 70.5% $134,310 27.91

The estimates of operating costs cover operating and mairtenance expenses (including
fuel expense), depreciation, taxes, and a return on investment.
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The applicants based their estimate of decommissioning costs on a report published
in November 1976 by the Atomic Industrial Forum entitled, "An Engineering Evaluation
of Nuclear Po-er Reactor Cecomnissioning Alternatives." This study concluded that
the most economical type of decommissioning wnuld be either temporary mothtalling
or temporary entombeent for a cooling period of about 104 years, followed by
dismantling and removal of the radioactive structures of the facility. Temporary
entombment becomes the most economical choice if it is assumed that a security
force will be required to guard a temporarily mothballed facility for the entire
104 year cooling period. For purposes of their cost estimates, the applicants
assumed that such a security force would be required with temporary mothballing.
Consequently, the applicants' cost estimates are based on tempor:rily entombing
the facility at the end of its 33 year life, allowing the radiation levels to

decay for 104 years, and then dismantling and removing only the contaminated
structures. Interpolating from the Atomic Industrial Forum estimates and
adjusting for inflation, the applicants arrived at estimated total decommissioning
costs for the Zimmer plant of $17,864.851 in 1979 dollars. This Can be broken

down as follows:

Initial temporary entombment $8,555,348

Total surveillance and maintenance
for 104 years 57,663,864

Dismantling and removal of con-
taminated structures af ter 104
years of cooling 51,645,633

Total decommissioning cost 517,864,851

The Nuclear Regulatory Commission had Battelle (Pacific Northwest Laboratories) do
a technical review of the Atomic Industrial Forum's study on reactor decommissioning,
which concluded th2t the total costs presented in that study appear to be realistic.

20.3 Source of Funds

The applicants expect to cover all operating costs through revenues generated from
their system side sales of electricity and in proportion to their ownership interests:

40 percent for Cincinnati Gas and Electric Company, 28.5 percent for Columbus and
Southern Ohio Electric Company, and 31.5 percent for Dayton Power and Light Company.
All three applicants are investor-owned utilities providing electric and/or gas
service to residential, commercial, and industrial customers in Ohio. For the 12
months ended September 30, 1977, the unit prices per kilowatt-hour from system wide
sales of electric power for Cincinnati Gas and Electric Company, Columbus and
Southern Ohio Electric Company, and Dayton Power and Light Company were 3.24

cents, 3.62 cents, and 3.10 cents, respectively. These prices are in excess of
the projected operating costs presented above and in addition, do not reflect
possible rate increasts during the first five years cf Zimmer's commercial operation.
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Furthermore, the applicants have consistently demonstrated the ability to achieve
revenues sufficient to cover all operating costs and interest charges. Table 20-2
presents financial data on revenues and net income for each applicant during the
five years ended 1976.

TABLE 20-2

REVENUES / NET INCOME (MILLIONS)

CINCINNATI GAS & ELECTRIC COMPANY

1976 1975 1974 1973 1972

$547.1/$54.4 $479.9/$49.7 $416.1/$45.5 $349.2/$50.2 $325.0/$47.1

COLUMBUS AND SOUTHERN OHIO ELECTRIC COMPANY

1976 1975 1974 1973 1972

$280.3/$54.3 $259.1/$42.4 $188.6/$21.1 $158.4/$25.9 $136.0/$21.1

DAYTON POWER AND LIGHT COMPANY

1976 1975 1974 1973 1972

$397.9/$43.4 $347.6/$41.2 $296.5/$29.7 $229.0/$27.0 $219.9/$27.1

The applicants intend to obtain the funds required for decommissioning the plant
through annual depreciation charges over the service life of the facility which
will be deposited with a trustee. Based on a 6 percent annual inflation rate from
1975 through the final dismantling / removal of contaminated s',ructures in the year
2116 and a 5 percent tax-free interest rate on funds deposited with the trustee,
the annual payments over the 33 year plant life required to provide the necessary
funds for each of the three components of decommissioning, as well as the total
amount payment, would be as follows:

Initial temporary entombent $730,963

104 years of surveillance and
maintenance $1,110,584

Dismantling and removal of con-
taminated structures af ter 104
years of cooling $376,803

Total annual decommissioning fund
deposit over 33 years operating
Ilfetime $2,218,350

Such a funding plan for anticipated decommissioning costs would, of course,
require the approval of the Ohio Public Service Commission. To the best of our
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knowledge, this approval has not yet been obtained. Nevertheless, even in the
absence of a plan specifically setting aside funds for decommissioning purposes,

, we feel that there is reasonable assurance that the applicants could cover the
- estimated decommissioning costs insofar as they are relatively small in comparison

( to the applicants' financial resources. , ,

20.4 Conclusion
"

s

In accordance with the regulations cited sbove, an applicant must demonstrate that
it has reasonable assurance of obtaining the necessary funds to cover the ,

estimated costs of the activities contemplated under the license. Based upon the
preceding analysis, we conclude that Cincinnati Gas and Electric Company, Columbus3

and Southern Ohio Electric Company, and Dayton Power and Light Company have 4
satisfied this reasonable assurance standard and are, therefore, financially v

qualified to operate and, if necessary, shut down and safely maintain the Zimmer L

3 Nuclear Power Station, Unit No, l. Our conclusion is based upon the applicants'
~ demonstrated ability to achieve revenues sufficient to cover all operatirg costs
i and Interest charges, and the favorable comparison between their current unit

prices for electricity and the projected unit costs of this facility. We have
requested additional financial information which will update the financial ,

evaluation based on 1980 as the first full year of plant operation. While we do
'

*

r.ot expect that this additional inormation will change our conclusion, we will
report our reevaluation in a supplement to this report.
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21.0 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS

21.1 General

Pursuant to the financial protection and indemnification provisions of the Atomic
Energy Act of 1954, as amended (Section 170 and related sections), the Commission
has issued n gulations in 10 CFR, Part 140. These regulations set forth the
Commission's requirements with regard to proof of financial protection by, and
indemnification of, licenses for facilities such as powar reactors under 10 CFR,
Part 50.

21.2 Preoperational Storage of Nuclear Fuel

The Commission's regulations in 10 CFR, Part 140 require that each holder of a
construction permit under 10 CFR, Part 50, who is also the holder of a license

.

under 10 CFR, Part 70 authorizing the ownership and possession for storage only of
special nuclear material at the reactor construction site for future use as fuel

in the reactor (after issuance of an operating license under 10 CFR, Part 50),
shall, during the interim storage period prior to licensed operation, have and
maintain financial protection in the amount of $1,000,000 and execute an indemnity
agreement with the Commission. Proef of financial protection is to be furnished
prior to, and the indemnity agreement executed as of, the effective date of the
10 CFR, Part 70 license. Payment of an annual indemnity fee is required.

_ _ . _ . . . . _ _ _ _ _ _ _ _ .

The applic.nt will furnish the Commission proof of financial protection in the
amount $1,000,000 in the form of a Nuclear Energy Liability Insurance Association
Policy (Nuclear Energy Liability Policy, facility form No. NF-210). Further, the
appilcant will execute an indemnity agreement v''.h the Commission effective as of
the date of its preoperational fuel storage license. The applicant will pay the
annual indemnity fee applicable to preoperational fuel storage.

21.3 Operating Licenses

Under the Commission's regulations, 10 CFR, Part 140, a license authorizing the
operation of a reactor may not be issued until proof of financial protection in
the amount required for such operation has been furnished, and an indemnity agree-
ment covering such operation (as distinguished from preoperational fuel storage
only) has been executed. The amount of financial protection which must be maintained
for William H. Zimmer, Unit 1, (which has a rated capacity in excess of 100,000
electrical kilowatts), is the maximum amount available from private sources, which
is currently $450 million.

21-1
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Accordingly, l it en s e e, autteurizing eperation of Wil'lin b. Z incier . Uqi t i, will rot

Le issued entil proof of finaccial Drctecti.m in tt+ requisite ameuiit has t,een

received and the requisite indernrity agreeton'. executed.

We expect that, in accordar.ce witn the usual protcuare, the nucle n liebility
insurance pools will provide, several days in ads rce of a.iticioated is m * of

the operating license docuraent, evidence in writing, on banalf of the applicant,
that the present coverage has been u preoriately 6msnd(d 50 that the policy lialits
hava been increased, to meet the req.rirex.ents cf the Comnission's regulations for
reactor operation. Similarly, operating licrases will not be issued until an

appropriate amendment to the present inde nity agreement has, t'een executed. The
applicant will be required to pay an annual fee for cperating license indemnity as
provided in 'he Nuclear Regulatory Canissio::'s re nations, at the rate of $12

per thousand kilowatts of thermal capacity authorized in his operating license.
On the basis of the abcse consideratios, we conclude that the presently applicable

requirements of 10 CFR, Part 140 have been satisfied ar.d that, orior to issuance
of the operating licenses, the applicant will be required to comply with the

provisions of 10 CFR, Part 140 applicable to opera ing licenses, including those
as to proof of financial protection in the rec isite amount and as to the executionr

of an apprcpriate indemnity agreement with the Commission.
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Based m our esahatica of th<- oclicntice as act tortn above, we hwe atomin-d
1.ba t upon incr:ble i nniution of tts aut:t). Ming ar tt f ees descril-d Nrein, we
w1 !! tr> abis to con.. ludo that:

(1) !ne .3pplicati n fcr 6 facility seratinc licenso filed by the Cincianati G n
and Electric Company, dated Septeet.er 10, IME, as amended, cotplies with the
requiret+nts cf tha Atomic Ererp Act of 19';1, as een&d (Act), and the
C p. mis:,iu 's re;;ulatiens set for th 'n 10 CFR, Ch.3rter 1 ind

(2) Constrcction cf tha William H. Ziamer Mr.le3r P wer Station, Unit 1 (th?
facility), b.n proceeded and there n insonable assura ce that it will t.e
substantially cMoleted, in confnrmity with Constrcctio:1 Pe r rii t Nc. CPR- ,,

the application as amer.ded, the provisions af the Act, and the rules and
regulaticas of the Commission, ana

(3) The f acility will certite in conformity with the application as a.endeu, tim
prc sisiens of tt'e Act , si tr+ edles and regulations of the Coimnission: tin j

(4) Thcre is reasarabla assuranca (a) that. the activities authorized by the
creratiaq liceose can be r:nducted without endar.ge-ing the heilth c.d s ife ty
uf tf.e puni h., and (b) thM w h x ti, Lies will be conducted in compli3nce
with the "e ulations of the Consissio. set fcrth in 10 CFR, Chapter I; -ind

(5) Trie a p licait is trcr.nically aei financially qualified to engage in the
activities aati orized by the license, ir. accordance with the regulations of
the Ccnmission set torth in !O CFR, Chapter 1, and

(6) The is suance cf tt+ iicen3e .will not be inimical to tre com. Ten defense u d
securitv er t ' tr e healt.h au ;if ety of the public.

Be ter e an oL. erat ir.g licen3 - w 11 be in ued to the Cincinnati C3s and E15ctric
Company far rperatic:. of Unit I, 'he unit N>t t e completed in conf ormity with the
construction pero.it, tte application, the Act, and the rules and regulaticos of
the Commiss mo. Suc5 e mpletened, of canstruction as is required f or safe
operatinr. at the authorized power levels most be ,erified by the Coaimission's
Of fice of Inspection and Enforcement prior to issuance of the license.

Further, before the operating license is issued, the applicant will be required to
satisfy the applicable provisions of 10 CFR, Part 140.
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APPEhulX A

CHRONOLOGY - RADT,t0GICAL HEALTH AND SAFETY REVIEW

OF THE WM. H. 7 riMER NUCLEAR POWER STATION. UNIT 1

APPLICATION FOR OPERATING LICENSE

May 9, 1975 Cincinnati Gas & Electric Company, et al. (the Applicant) tendered
its application for a facility operating license (General Informa-
tion, Final Safety Analysis Report and the Environmental Report).

June 2, 1975 Applicant letter submitting a Mark II schedule and program related
to suppression pool information.

June 16, 1975 NRC letter rejecting the FSAR portion of the tendered application.

June 25, 1975 NRC letter requi-ting ECCS information required by 10 CFR 50.46
and Appendix K tt M m. Part 50.

June 30, 1975 Applicant letter submitting drawings related to the suppression
pool.

August 18, 1975 Meeting held at the site between NRC staff and the Applicant for
the purpose of discussing the Applicant's responses to questions
related to the FSAR rejection.

August 20, 1975 Applicant letter (retendered application) submitting information
requested by NRC letter dated June 16, 1976.

August 27, 1975 Issued summary of meeting held on August 18, 1975.

August 28, 1975 NRC letter accepting the operating license application for
docketing.

September 10, 1975 Docketed application (Amendment No. 22) for facility operating

license.

September 10, 1975 Applicant submits Physical Security Plan.

September 11, 1975 Applicant submits information related to the Mark II containment
supporting program.
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't , ten c e' 21, 1915 tictice of Peceir.t of Appl catian. .and Nntire of Opportunity for
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uctober 1 1975 NEC letter advising that t ne suppression pool drawing submittal
does not co7tain sufficient information.

Oc'.ct e r 6, 1975 NRC letter ad,ising that the Gereral Electric Topical leports
hE00-16670 and hEDO-10638 are unacceptable for referer.cing in the
FSAR.

f< '. ob e r 2? and ?3, 1975 Meetircs f ald in Bethesda, Maryland between NRC and Applicant
representstives to discuss EllC5 Round-one review matters.

Octubre 24, 1975 NRC letter advising that GF Tepical Reports NED0-10733 and its
supplemental information are unacceptable as information to be
incorpo,3ted by reference in the Zimmer i FSAR.

October 24, 1975 Applicant letter providing a schedule for submitting information
requested by NRC letter dated October 1,1975.

October 28, 1975 Aa.endnent No. 23 sunmitted. The amendment contains information
requested by NRC letter dated June 16, 1975.

Octoba* 29, 1975 Summary of meetings held on October 22 and 23,1975 issued.

N3vetter 3, 1975 NRC letter transmitting the review schedule.

NaveSher 6, 1975 Applicaat lettar incorporating BWR Mark II containment information
in the Zimmer i docket.

November 11, 1975 Site visit by NRC representatives for the purpose of NRC staff
reviewers to observe the plant and site in its present stage of
construction prior to finalizing Round-cne Requests.

No'-emuer la, 1975 Amendment 'M. 24 filed, which contains further responses to
questinns issued by NRC letter dated June 16, 1975.

Haver.oer 18, 1975 Issued summary of the Navraber 11, 1975 site meeting.

Noser.ber 19, 1975 NRC letter requesting additional information.

tevenba* 24, 1973 Itsued correction to ecet ng summary dated October 29, 1975.

.
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T.. : w. e 4 ,M v _. , u - . equ ,- succ. .

Dcmm 16, i T' S fe' t t r T .ci-i nt ?#;uests is m a

Ce.:e s t 36 :579 %ri ner had-ete huests iss ud.

A naa ry A.t 1975 f er t ta r a r.c .m Fegm st s i mN

Janeery 14, 1976 A:c l i cant letter wtcitting ;mmrnier. i; %attre re ta:ee to

tk s cic3r o sig a r.J E C' .

Jam.ary ?3,1976 i' u:isi prehearing coaference he h ;n incir wti, Oric.

Joi.uary 27, l>76 further Round-cne kequests is waa.

Janc ey 26, l';/6 Hecting neld in P,atresda Haryland for the purpu a of discussing
electrical dre ingt

F<.bruary 4, 1976 Issued samury of meating held on Jaavary 20, 1976.

February 5, 1976 Applimant letter respor. ding to MC letters cated Octccer 6 and
Octcber 24, 1975 relating to CE Topical Reperts.

February 6, l*>l6 Meridraert No. 25 received, which responds to Rcund-ene Requests
issued December 4,1975,

f ebr uar y 11, 1976 Applicant letter subm.itting (Supplee+nt 1 to the F5/G) c2ble
reutirq cradings.

February 13, lW 6 NRC letter iequestir.g Apper. dix I infor: ration.

February 23, 1975 NRC letter transmitting draft Guides 1.AA, 1.88, l.CC, l.DD, l.EE
anj 1.[F.

Hirch 3, I?76 Applicant letter (Supplement 2 to the F',AR) sutmitting earthwnrk
cperatinn3 and soil stress ir.forrution.

March 3, 1916 Amend er t tw3. 26 suhr.itted. The atendrent response to Round- one
Rec 4uests issued by NRC letters (published in the FR March 25,

1976, 41 F.fl. P361) dated Decea.ber 18 and 31, 1975 and .lanuary 8,

1976.

March 10, 1976 1ssued further Round-r,ne Regoests, which su:pleent those issued
on Deceser 4, 1975.
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March 15, 1976 Applicant letter transmitting the " Mark II Containment Design
Assessment Report," which is in response to NRC letters dated
April 18 and 21, 1975, and October 1, 1975.

March 19, 1976 Notice of Hearing on Applications for Operating License issued by

the ASLB.

March 19, 1976 Amendment No. 27 filed, which submits responses to Round-one

Requests transmitted by NRC letters dated December 18, 1975,
December 31, 1975 and January 27, 1976.

March 22, 1976 Amenament No. 28 filed. The amendment responds to Requests

issued by NRC letter dated November 19, 1975.

March 31, 1976 Amendme.it No. 29 filed, which responds to the Requests issued by
NRC letter dated December 31, 1975.

April 1, 1976 Applicant letter providing further justification for requesting
the withholding of proprietary information submitted by its
letter Jated January 14, 1976.

April 9, 1976 Amendment No. 30 submitted. The amendment responds to the Round-

one Requests issued by NRC letters dated November 4, 18 and 31,

1975.

April 23, 1976 Amendment No. 31 filed. It responds to the Round one Requests

issued by NRC letters dated December 31, 1975 and March 10, 1976.

May 3, 1976 NRC letter making proprietary finding on information submitted by
applicant letter dated January 14, 1976.

May 6, 1976 Meeting held between between NRC and applicant representatives to

discuss the electrical review.

May 7, 1976 Amendment No. 32 submitted, which contains further responses to

Requests issued by NRC letters dated December 31, 1975 and

March 10, 1976.

May 10, 1976 NRC letter transmitting draft model technical specifications
related to Appendix I requirements.

May 18, 1976 Issued summary of meeting held on May 6, 1976.

May 24, 1976 NRC letter advising of recent events and conclusions related to
ATWS.
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May 24, 1976 Applicant letter submitting electrical drawings (New Volume llA).

May 24, 1976 Meeting between NRC and applicant representatives on the Zimmer

review schedule.

May 25 and 26, 1976 Meetings held in Bethesda, Maryland between NRC and applicant
representatives to discuss several Round-two positions.

May 28, 1976 Applicant letter responding to NRC letter dated May 3,1976
relating to proprietary information.

June 4, 1976 Amendment No. 33 filed, which contains information required by

Appendix I, and is in reference to NRC letter dated February 13,
1976.

June 9, 1976 Further Round-one requests issued.

June 10, 1976 Issued summary of meeting held on May 24, 1976.

June 11, 1976 Amendment No. 34 received. The amendment responds to Round-one

Questions issued by NRC letters dated December 4, 1915 and
March 10, 1976.

June 16, 1976 issued summary of meetings held on May 25 and 26, 1976.

June 18, 1976 Round-Two positions issued.

June 30, 1976 Letter from applicant transmitting Amendment No. 35.

July 8, 1976 Letter to applicant requesting additional information.

July 12, 1976 Letter to applicant concerning Mark II owners and requesting

additional information.

July 13, 1976 Letter to applicant requesting additional information.

July 16, 1976 Letter from applicant transmitting Amendment No. 36.

July 27, 1976 Letter from app'icant transmitting proprietary information in
response to staf f requests for additional information.

July 27, 1976 Letter from applicant transmitting a document entitled, "T-49
Flammability Control System Qualification Test" in response to
staff request.
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f to struct i ,a pccmi t c mplet' d=W'

aff N, 1975 1.. t t e r from applicant triauni tt ing Ar.Pndmen'. he. 3/,

,

, Aigut 1.', 19 hi Lot ter troe apr f icant t rarmit tirq Rnis icn 1 to t.w
lodst riai '.ori ty Nan

e

Aug w !?- 1976 tatte f rom a;-p; ; car.1 t r a a rr.' t t i no a l i s t o f s i gni l i r, ' t ,a! ces
whitt. have contrituted to delays ia ct n;truction at the /ierer

I *s * '.r .
s

'R

.uau:t 25, 1916 l e t te* from apolicant t ranwitting docurrei.t entit iad.'x

"f lun at,ility Cont roi sy ;te'ri Qualificaticr Test $p : ific atico "

Au ,e t 2 7, 1976 letter f rom applicant transmitting Amendment No. 33.
N

.

' 5eptetter 7, 19 /f> Letter fre.m applicant tears aittinc a du cent entitled,

, "NECO-210/1, Standerd Prcduc t Report-F l..vubility Cont rol -

a
~ Systrm (Thermal heccmbinert "
. :

s

Mptmter 14, 1976 letter f rom applir. ant transmitting additi'. mal conies cf U. pert
.L

submitted t,y letter d?ted July 27, 1976.
..

%p t ede r 13, 19/6 Letter to applicant centerning procrdur31 change, for filing ,

i.:0c :cetir/ns for ccostructirri permits and facility cperat:ng
iiceises.

,

s, Scotenber l',, 1976 Letter to at.plicant recur sting additional infornaticn.

Santerter 16, 1976 Letter to applio nt requesting additional information.
,

,

k

feptreLe, 11, 1976 tetter fitm applicant transmitting Amen (hert No. 39.

Wpt u.cer 20, hi6 Letter from apolicant providing submittal date for revised
Mark il Containment Design ie .?ssment Report.

'

,.

,#
'

a-

5ep teh 27-?), l'476 Site vist elect'ita' revi x

?
9ep tci.te r 10, 191/i Let ter to applicant regarding fire pr ottction reevaluation.

Sept *.er W , 1976 letter f rr.m applicant r egarding proposed resolution of ATW5 by
'

installation of altarnate reactor scram system (ARS).

.

. E.
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October 7 19!6 Le tt e r t ; app h cant te a. 3 mitt : r4 mile str.ce da'.cr f u 3 r:a s
af fected by cota; ia ccmpletici ;f reeve >t ft,r additions!

u forn at 99.

October 7, 1976 Le t t.e r tu applic 3nt reque-tic 9 cddi t ienal ir,icrmation.

October it, 1976 Sommary of electrical :.ite review on Septe aber 27-29, 1970

October 22, I'376 Letter trom applicant transmitting Amendment No. 40 and
Revisio- 2 (prcprietary) to Industrial Security Plan.

October 26, 1976 Letter f rcm applicant providing submittal date for information
requested in st 3f f letter dated September 30, 1976.

October 26, 1976 Letter to applicant requesting additional informaticn.

October 29, 1976 Letter from applicant transmitting Amendmeat No. I to the
Mark II Containment Gesign Assessment Report.

Octcber 29, 1976 Letter from applicant transmitting Amendment No. 41.

November 10, 1976 Letter to applicant requesting additional information.

November ib, 1976 Letter from applicant transmitting errata sheets for
Amendment No. I to Msrk II Containment Design Assessment Repcrt
submitted by letter dated October 29, 1976.

November 16, 1976 Meeti.,g with applicant to discuss Zimmer plant electrical
system.

November 16, 1976 Summary of meeting held October 27-29, 1976.

November 17, 1976 tetter to applicant requesting additional justification for
withholdirq information submitted by letter dated July 27, H:76
from public disclosure.

November 19, 1976 Letter from applicant trar.smitting Amendment No. 42 and
Revisioil 3 (proprietary) to Industrial Security Plan.

tovember 19, 1976 Meeting with applicant to discuss review status of the Zin-ner
Mark 11 containment.

November 19, 1976 Letter from applicant requesting staff to incorporate report
submitted by General Electric Company entitled, " Mark 11
Containment Dynamic Forcing Function Information Report" in
the Zimmer docket.
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November 24, 1976 Letter to applicant regarding security clearances for review ,

of classified SANDIA safeguards reports." '

$

November 24, 1976 Letter from applicant providing revised date for submittal
of responses to staff requests for additional information.

e

November 30, 1976 Letter to applicant requesting additional information.
.

L

November 30, 1976 Letter to applicant requesting additional information regarding
applicant's request to extend construction permit completion

a dates.

November 30, 1976 Summary of meeting held November 19, 1976.

3
December 3, 1976 Meeting with applicant to discuss staff position regarding con-

" tainment bypass leakage and associated tests and surveillance.
' '

December 8, 1976 Letter to applicant transmitting page inadvertently omitted
from November 30, 1976 request for additional information.

December 10, 1976 Summary of meeting held December 3, 1976.
~ ,

- December 14, 1976 Letter to applicant requesting additional information. -

December 17, 1976 Letter to applicant transmitting additional guidance for the
.

Zimmer fire protection reevaluation. ,.

*

December 20, 1976 Meeting with applicant to discuss the Zimmer plant electrical
~ systems.

December 27, 1976 Summary of meeting held December 20, 1976.
,

.
December 27, 1976 Letter to applicant regarding staff letter dated November 17,

,

1976, granting requesting to withhold information submitted on
' July 27, 1976 from public disclosure until January 19, 1977.

.

N4

January 10, 1977 Letter to applicant requesting additional information.
t

-

Letter from applicant transmitting supplemental affidavits inJanuary 10, 1977
support of request to withhold information from public dis-

. closure, which was discussed in staff letter dated November 17,

1976.*

.5

]' January 10, 19/7 Letter to applicant requesting additional information.

#

-

a
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January 14, 1977 Letter from applicant trans.itting Amendment No. 43.

January 18, 1977 Letter to applicant requesting additional information
regarding Mark 11 Pool Dynamics Load Program.

January 26, 1977 Letter to applicant requesting additional information
regarding the Mark II Containment Design Assessment Report.

February 4, 1977 Letter from :pplicant transmitting Amendment No. 44 and Zimmer
Fire Prot -tion Evaluation Report.

February 8, 1977 Letter to applicant granting July 27, 1976 request to withhold
proprietary information from public disclosure contained in
NEDE-21071-P, " Flammability Control System (Thermal Recombiner)."

February 9, 1977 Site visit to discuss emergency planning and industrial
security matters.

Feoruary 10, 1977 Meeting with applicant to discuss applicant's responses to
staff requests for additional information in the area of initial

tests and operations.

February 12, 1977 Letter to applicant requesting additional information.

February 14, 1977 Meeting with applicant to discuss applicant's responses to
staff requests for additional information in the area of

containment systems.

February 14, 1977 Summary of site visit on February 9, 1977.

February 18, 1977 Letter from applicant transmitting Amendment No. 45.

February 18, 1977 Summary of meeting held on February 10, 1977.

Februar; 22, 1977 Letter from applicant transmitting proposed submittal dates
for responses to staff requests for additional information.

February 23, 1977 Meeting with applicant to discuss status of Zimmer review and
schedular problems requiring management attention.

February 25, 1977 Summary of meeting held on February 14, 1977.

February 25, 1977 Letter to applicant transmitting Amendments to 1C 0FR Parts 50
and 73 concerning physical protection of licensed activities in
nuclear power reactors against industrial sabotage.

A-9
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February 28, 1977 Letter from applicant transmitting Amendment No. 46.

February 28, 1977 Letter from applicant transmitting Amendment No. 2 to
the Mark II Containment Design Assessment Report.

March 10, 1977 Letter to applicant requesting additional information.

March 10, 1977 Letter to applicant regarding NRC evaluation of fuel handling
accidents for all nuclear power plants.

March 11, 1977 Letter from applicant transmitting Amenda.ent No. 47.

March 14, 1977 Letter from applicant regarding ATWS.

March 14, 1977 Meeting with applicant to discuss applicant's position con-
cerning Mark II containment dynamic load back-up.

March 15, 1977 Meeting with applicant to discuss containment wetwell bypass
leakage and containment isolation valves.

March 17, 1977 Summary of meeting held February 23, 1977.

March 21, 1977 Summary of meeting held March 14, 1977.

March 22, 1977 Summary of meeting held March 15, 1977.

March 29, 1977 Meeting with applicant to discuss accident analysis dose
calculations for the Zimmer plant.

March 30, 1977 Meeting with applicant to discuss resolution of wetwell
bypass allowable leakage and subcompartment analysis.

March 31, 1977 Meeting with applicant to discuss responses to staff requests
for additional information regarding the electrical review.

April 1, 1977 Letter from applicant transmitting Amendment No. 3 to the
Mark 11 Containment Design Assessment Report.

April 1, 1977 Letter from applicant transmitting Amendment No. 48.

April 14, 1977 Letter from applicant transmitting annual financial statements
as required by 10 CFR 50.716.

April 14, 1977 Letter to applicant requesting additional information regarding
instrument trip setpoint valves.

A-10
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April 14, 1977 Sumary of meeting held March 30, 1977.

April 14, 1977 Sumary of meeting held March 31, 1977.

April 15, 1977 Letter from applicant transmitting Amendment No. 50.

April 18, 1977 u.tter to applicant requesting additional information.

April 18-22, 1977 Meeting with applicant at General Electric Company facilities
in San Jose, California to discuss design review of recir-
culation system and reactor manual control system.

April 20, 1977 Letter from applicant transmitting supplemental information
to Mark II Containment Design Assessment Report entitled,
" Containment Structure Sensitivity to Pool Hydrodynamic
Loads."

April 22, 1977 Letter to applicant transmitting standard format for meteoro-
logical data submitted on magnetic tape.

April 26, 1977 Letter from applicant providing additional information regarding
request to extend construction permit completion dates.

April 27, 1977 Letter from applicant transmitting document entitled,
"Information for Antitrust Review of Operating License
Application."

May 2, 1977 Letter from applicant transmitting Amendment ho. 51.

May 2, 1977 Sumary of meeting held on April 18-22, 1977.

May 4, 1977 Letter to applicant transmitting Intrusion Detection Systems
Handbook, SAND 76-0554, dated November 1976.

May 12, 1977 Meeting with applicant to discuss revisions to the Final
Safety Analysis Report.

May 13, 1977 Letter from applicant providing submittal date for informa-
tion requested in staff letter dated April 14, 1977 concerning
instrument trip setpoint valves.

May 23, 1977 Sumary of meeting held May 12, 1977.
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May 24, 1977 Meeting with applicant to discuss Zimer review schedule and
its potential impact on planned fuel load date.

May 25, 1977 Letter from applicant transmitting Amendment No. 52 and
Revision 4 (proprietary) to the Industrial Security Plan.

May 27, 1977 Letter from applicant transmitting Amendment No. 53.

June 1, 1977 Letter to applicant transmitting Order extending the latest
construction completion date from January 1, 1977 to
April 1, 1980.

June 6-8, 1977 Site visit to discuss fire protection review.

June 7, 1977 Summary of meeting held May 24, 1977.

June 8, 1977 Letter from applicant transmitting Amendment No. 4 to the
Mark Il Containment Design Assessment Report.

July 6, 1977 Meeting with applicant to discuss resolution of Appendix J
matters in the Safety Evaluation Report.

July 12, 1977 Summary of meeting held July 6, i977.

July 14,1977 Meeting with applicant to discuss status of Safety Evaluation
Report open issues and completion date.

July 20, 1977 Letter from applicant requesting withholding from public
disclosure, proprietary report entitled, " Qualification Report
Flammability Control System (Thermal Recombiner)."

July 22, 1977 Letter from applicant transmitting Amendment No. 54.

July 22, 1977 Letter from applicant transmitting Amendment No. S to the Mark II
Containment Design Assessment Report.

July 29, 1977 Letter from applicant transmitting Amendment No. 55.

August 4, 1977 Summary of meeting held July 14, 1977.

August 5, 1977 Letter to applicant requesting additional information.

August 11, 1977 Letter to applicant requesting additional information.
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August 12, 1977 Letter from applicant trarsmitting Amendment No. 6 to the
Mark II Containment Design A'isessment Report.

August 16, 1977 Letter to applicant requesting additional information.

August 16, 197/ Letter from applicant transmitting Amendment No. 56.

August 19, 1977 Letter to applicant transmitting information to be provided
to staff for Upgraded STS Bases Program.

August 23-24, 1977 Meeting with applicant to discuss status of Safety Evaluation
Report for electrical review; onsite power systems and drawing
review of load sequencing system.

August 29, 1977 Letter to applicant transmitting " Nuclear Plant Fire Protection
Functional Responsibilities" for use as supplemental guidance
for tiie review of organizational and administrative aspects
of fire protection evaluations.

August 30, 1977 Letter from applicant transmitting Amendment No. 57.

September 8, 1977 Letter to applicant requesting additional information con-
cerning suppression pool temperature limit (enclosure
withheld from public disclosure proprietary).

September 14, 1977 Summary of meetings held August 23-24, 1977.

September 15, 1977 Letter from applicant transmitting Amendment No. 58.

September 15-16, 1977 Meeting with applicant to discuss vessel and core support
loads, control rod drive return lines, equipment opera-
bility, feedwater nozzles and wetwell sprays.

September 19, 1977 Letter to applicant transmitting Federal Register notice
of a petition for rulemaking regarding physical searches of
individuals entering 3 protected area of a nuclear power
plant and requesting applicant to post notice for informa-
tion of all employees.

September 21, 1977 Letter to applicant requesting additional information con-
cerning Mark 11 Containment Design Assessment Report.

September 21, 1977 Letter to applicant requesting additional information.
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September 23, 1977 Letter from applicant providing response to staff letter
dated August 19, 1977, which invited appifcant's participa-
tion in a program to upgrade the bases section of the
generic standard technical specifications for Zimer.

September 28, 1977 Summary of meeting held September 15-16, 1977.

September 30, 1977 Letter from applicant transmitting Amendment No. 59.

October 4-5, 1977 Meeting with applicant to discuss electrical review Safety
Evaluation Report input.

October 5, 1977 Letter from applicant providing submittal dates for staff
requests for additional information.

October 6,1977 Summary of meetings held October 4-5, 1977.

October 20, 1977 Letter to applicant requesting additional information.

October 21, 1977 Meeting with applicant to discuss 10 CFR Part 50,
Appendix J and reverse pressurization of the drywell.

October 21, 1977 Letter from applicant transmitting Revision 2 to the
Zimer Fire Protection Evaluation Report.

L. .. . . '1 1977 Letter from applicant transmitting Amendment No. 60.

November 1, 1977 Letter to applicant concerning diesel generator operating
status indication.

November 1, 1977 Letter to applicant granting requests to withhold proprietary
document from public disclosure entitled, "Flamability Control
System (Thermal Recombiner)."

November 2, 1977 Letter from applicant transmitting Amendment No. 61 and
Revision 3 to the Zimer Fire Protection Evaluation Report.

November 2, 1977 Letter from applicant transmitting Amendment No. 7 to the
Mark II Containment Design Assessment Report.

November 3, 1977 Letter to applicant concerning BWR relief valve control system
and associated containment loads.

November 10, 1977 Summary of meeting held October 21, 1977.
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November 11, 1977 Letter from applicant transmitting Amendment No. 62 and
Revision 4 to the Zimmer Fire Protection Evaluation Report.

November 14, 1977 Letter from applicant transmitting Amendment No. 63.

November 17, 1977 Letter from applicant providing st.bmittal date for response
to staff request for additonal information concerning
instrumentation and control systems area.

November 18, 1977 Letter from applicant transmitting Amendment No. 64.

November 21-22, 1977 Site visit to review reactor systems.

November 21. 1977 Letter from applicant concerning actuation of main steam
safety / relief valves.

November 23, 1977 Letter to applicant requesting additional financial information.

November 23, 1977 Letter to applicant requesting additional information concerning
pressure vessel fracture toughness properties.

November 28, 1977 Letter from applicant providing submittal date for financial
information requested by staff letter dated November 23, 1977.

November 28, 1977 Letter to applicant transmitting amendment to 10 CFR
Part 73.55, " Requirements for Physical Protection of
Licensed Activities in Nuclear Power Reactors vs Industrial
Sabotage," which delays implementation of physical search
requirements of reactor personnel until August 24, 1978.

November 29, 1977 Meeting with applicant to discuss startup testing as part
of facility operating license review for Safety Evaluation
Report.

November 30, 1977 Letter from applicant transmitting Amendment No. 65 and
Revision 5 to the Zimer Fire Protection Evaluation Report.

December 12, 1977 Letter from applicant transmitting information regarding
operating status indication of diesel generators at the
Ziwer plant in response to staf f letter dated

November 1, 1977.

December 14, 1977 Letter from applicant transmitting financial informatian
requested by staff letter dated November 12, 1977, revised
pages to '.ptember 10, 1975 amendment and supplement to

application, and update of survey of milk animals near
Zimer plant.
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December 16, 1977 Letter from applicant transmitting Amendment No. 66.

December 30, 1977 Letter from applicant transmitting Amendment No. 67.

January 5, 1978 Meeting with applicant to discuss Zimmer plant specific
resolution SRSS load combinations, downcomer lateral loads, and
relief valve actuation.

January 6, 1978 Sumary of December 16, 1977 Mark II owner's group meeting with
staff.

January 10, 1978 Sumary of May 18 and 19,1977 Mark II owner's group meeting
with staff.

January 11, 1978 Meeting notice for January 26, 1978 meeting with CG&E on
Industrial Security.

January 12, 1978 Meeting notice for January 25, 1978 meeting with CG&E on
drywell/wetwell allowable bypass.

January 12, 1978 Sumary of January 5,1978 meeting with CG&E on Zimer review
issues.

January 12, 1978 Le'.ter to CG&E requesting additional information

January 13, 1978 Letter from CG&E (1-11-78) requesting NRC staff site visits.

January 13, 1978 Letter from CG&E (1-11-78) regarding Fire Protection
Administrative Controls.

January 18, 1978 Letter to CG&E requesting additional Mark II information.

January 18, 1978 Summary of December 14, 1977 Mark II owner's group meeting with

staff.

January 23, 1978 Letter to CG&E concerning review issues.

January 26, 1978 Letter from CG&E (1-23-78) concerning interim response to
second actuation of main steam safety valves 50.55(e) issue.

January 31, 1978 Letter from CG&E (1-27-78) transmitting Amendment 68,
Revision 39 to FSAR.

February 1, 1978 Letter from CG&E (1-31-78) transmitting Amendment 8 to Zimer
Design Assessment Report.
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February 2, 1978 tetter to CG&E concerning inservice testing progran for pumps

and valves.

February 8, 1978 Meeting notice for February 14, 1978 meeting with CG&E on

drywell/wetrell allowable bypass.

February 9, 1978 Letter to CG&E concerning second actuation of safety valves.

February 14, 1978 Letter from CG&E (2-13-78) regarding fracture toughness proper-

ties of reactor vessels.
.

February 14, 1978 Letter to CG&E requesting additional Round 2 information.

February 21, 1978 Summary oi February 14, 1978 appeals meeting with CG&E on

drywell/wetwell allowable bypass.

February 22, 1978 Summary of February 15, 1978 meeting with CG&E on Zimmer review

issues.

February 23, 1978 Letter from CG&E (2-21-78) regarding assessment of conservatism

in transient analysis methods.

February 28, 1978 Letter to CG&E tr3nsmitting staff position on the use of

austenitic stainless steel in BWRs.

March 2, 1978 Letter from CG&E (2-20-78) transmitting Amendment 9 to Mark II

Design Assessment Report.

March 2, 1978 Letter from CG&E (2-28-78) transmitting Amendment 69, Revision 40

to the FSAR.

March 3, 1978 Letter from CG&E (2-28-78) transmitting Revision 6 to Fire
Protection Report.

March 15, 1978 Letter to CG&E requesting additional Mark II information.

March 16, 1978 Meeting notice for March 22-23, 1978 meeting with CG&E on Fire

Protection.

March 16, 1978 Meeting notice for March 31, 1978 site visit to Zimmer site on
preoperational testing.

March 17, 1978 Meeting notice for April ll-i2, 1978 meeting with CG&E on

review information schedules.
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March 17, 1976 SLhnary of April 4, 1978 meeting with CG&E on EWR Equipment

,

Sels:aic Qualification.
s i

:

March 17, 1978 Letter to CG&E summarizing the staff's position of the '

Februa ry 14, 1978 appeals meeting,,

*
March 27, 1978 Summary of March 22, 1978 meeting with CG&E on fire protection.

March 28,1978 Summary of March 21, 1978 meeting with CG&E on Zimmer design
assessment,

e
, .

March 29, 1978 Summary of March 3,1978 meeting with Mark II owners on the!

containment pool dynamic loads program.

April 3, 1978 Letter from CGAE (3-31-78) transmitting Amendment 70,
Revision 41 to the FSAR. ".

. April 3, 1978 Letter from CG&E (3-30-78) transmitting annual financial state-
ments for Zimmer applicants.

e

April 14, 1978 Letter to CGaE concerning dewatering of compacted backfill
material.

, . .

,

April 17, 1978 Letter f rom CG&E (4-14-78) transmitting Amendment 10 to the
s

-.
Zimmer Design Assessment Report.e g

,..

,

k April 17, 1978 Summary of April 13, 1978 meeting with CG&E on mass-energy \.
release calculations.

% v

April 18, 1978 Summary of April 12, 1978 meeting with CG&E on issues informa- "I
tion schedules.

-r?

,
April 18, 1978 Summary of April 11. 1978 meeting with CG&E on SRV discharge

'

d * devices.
. _ . _ _J..

April 18, 1978 Summary of April 6,1978 meeting with GE in San Jose to discuss /
Pool Dynamic Loads Program.

.

April 21, 1978 Letter to CG&E concerning main steam isolation valve leakage
'

control system for Zimmer.
. s

April 25, 1978 Summary of April 5, 1978 meeting with Mark II owners at<

Livermore to discuss pool dynamic loads.

%
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_ _ _ _ _ _ _ _ _ _ . . . .

May 1. 1978 Letter from CG&E (4-28-78) transmitting Amenonent 71,
Revision 42 to the FSAR.

May 2, 1978 Meeting notice for May 24, 1978 Zimmer site visit by members of
Containment Systees 8 ranch.

May 3, 1978 Meeting notice for June 28, 1978 meeting with CG&E on Design
Assessment Rt >rt and discharge devices.

May 3, 1978 Meeting notice for May 31, 1978 meeting with CG&E on SRV di:-
charge devices and DAR.

May 8, 1978 Letter to CG&E concerning Mark 11 containment review request
for additional information.

May 10, 1978 Letter to CG&E concerning short term mass and energy release
rates.

May 10, 1978 Letter to CG&E transmitting request for additional information.

May 12, 1978 Letter from CG&E (5-12-78) concerning Closure Report.

May 30, 1978 Letter from CG&E ('5-26-78) transmitting Amendment 72,
Revision 43 to FSAR.

June 16, 1978 Meeting notice for July 13, 1978 meeting with CG&E concerning
Zimmer plant staffing.

June 16, 1978 Meeting notice for July 14, 1978 meeting with CG&E concerning
fire protection.

June 22, 1978 Summary of May 16-17, 1978 meetings with the Mark 11 owners on
pool dynamics program.

June 22, 1978 Letter to CG&E concerning a request for additional information.

July 3, 1978 Letter from CG&E (6-26-78) transmitting Amendment 11 to the
Design Assessment Report.

July 10, 1978 Meeting notice for July 7,1978 Zimmer site visit concerning
fire protection.

July 10, 1978 Letter from CG&E (7-5-78) concerning second actuation of relief
valves.

'A-19
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July 10, 1978 Summary of June 28, 1978 meeting with CG&E on SRV discharge

devices and Closure Report.

July 11, 1978 Letter from CG&E (7-10-78) transmitting Amendment 73, Revision 44

to the FSAR and the Closure Report.

July 19, 1978 Summary of July 13-14, 1978 meetings with CG&E concerning plant

staffing and fire protection.

August 1, 1978 Letter to CG&E transmitting Appendix I model Tech Specs for

BWRs.

August 1, 1978 Letter to CG&E concerning second actuation of safety relief

valves.

August 2, 1978 Letter from CG&E (7-31-78) transmitting Amendment 75

Revision 45 to the FSAR.

August 2, 1978 Letter to CG&E (8-2-78) transmitting manpower requirements for

operating reactors.

August 9, 1978 Meeting notice for August 14, 15, 16, 17, 1978 site visit of

SQRT te m.

August 9, 1978 Meeting notice for August 24, 1978 meeting on SER status.

August 11, 1978 Letter to CG&E (8-11-78) requesting additional information.

August 11, 1978 Letter to CG&E (8-11-78) concerning reactor protection system

power supplies.

August 29, 1978 Summary of August 24, 1978 management meeting with CG&E on

licensing review.

August 30, 1978 Letter from CG&E (8-29-78) transmitting Amendment 76,

Revision 46 to the FSAR and Revision 7 to Fire Protection
Evaluation Report.

September 11, 1978 Letter from CG&E (9-6-78) regarding dewatering of backfill

position.

September 15, 1978 Summary of August 14, 15, 16, 1978 site visit.

September 29, 1978 letter from CG&E (9-29-78) transmitting Amendment 77,
Revision 47, to FSAR and Revision 8 to the Fire P.'atection
Evaluation Report.
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September 29, 1978 Letter to CG&E (9-22-78) requesting additional information.

Sep'.embe r 29, 1978 Letter to CG&E (10-2-78) requesting additional information.'

, *

*
October 5, 1978 Letter f rom CG&E (10-2-78) regarding re..ctor protection system.

E

October 10, 1978 Lettar to CG&E (10-10-78) requestins additional information. + ,*

* October 11, 1978 Meeting notice for November 11, 1978 meeting NSSS & 80P piping f.
*systems.
s

,

October 30, 1978 Letter from CG&E (10-30-78) transmitt;ng Amendment 78,
'

Revision 48, to FSAR. -

November 27, 1978 Letter to CG&E (11-27-78) requesting updated financial data.

1

November 28, 19'8 Summary of November 9,1978 meeting with CG&E on ABS evaluation. *

m

'

November 30, 1978 Letter from CG&E (11-30-78) transmitting Amendment 79,

.
Revision 49, to FSAR.

3

December 1, 1978 Letter from CG&E (12-1-78) on fire brigade manpower.

.

December 5, 1978 Letter to CG&E (12-5-78) requesting additional information. .

..

December 8, 1978 Letter from CG&E (12-3-78) transmitts sj resumes of Reactor ,

'

Engineer and Maintenance Supervisor. .:

December 13, 1978 Let.ter from CG&E (12-13-78) ccw srning NUREG-0313.*

%
1

December 15, 1978 Letter from CG&E (12-15-78) transmitting Amendment 80, [
4Revision 9, to Fire Protection Report.
J
3

. December 18, 1978 Letter from CG&E (12-18-78) transmitting Amendment 81, ,{
Revision 50, to FSAR.'

j
..

* December 22, 1978 Letter from CG&E (12-22-78) transmitting response to staff
. positions.

,
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APPINDIX B

ACRS GENERIC CONCERNS

The Advisory Committee on Reactor Safeguards ?eriodically issues a report listing
varicus matters of generic concern applicable to large light water reactors. These
are iter, which the Committee and we, while finding present plant design acceptable,
believe t. ave the potential of addirg to the overall safety matgin of nuclear power
plants, and as such should be consioered f or application to the extent reasonete
and practicable as solutions a*e found, rn ognizing that such solutions may occur
after completion of the plant. This is consistent witn our centiruing efforts

toward reducing still further the already small risk to the public health and
safety frem nuclear power plants. The most recent such report concerning these
generic items was issued on Ncvember 15, 1977

The status of cur efforts leading to resolution of all unresolved generic matters
is contained in our status report en generic items periodically transmitted to the
Comit tee. The latest such status report is contained in a letter dated December 4,
1978

Fer seve*al of the items we have provided in this r eport specific discussions
particulat irirq for this facility the generic status in the status report. These

fle95 are listed below with the appropriate subse tion numbers of this report
where such discussioni cre includ M. The group numbering correspoods to that in
the Novemtrr 15, 1977 report of the Committee.

Far those generic matters applicable to the Willim H. Zimmer Nuclear Power Station
design, t;ut for wnich specific. conclusicos actions have not been identified for
con 3ideration en tnis application, our status report of December 4. 19/8 provides
the appropri6te information.

CROUP II - fiesolution Pending

(1) Turbine Missiles - This item is resolved for the Zimmer Station by the prntec-

tion provided by the applicant (subsection 3.5 of this report).

(2) Fffective Operation of Containmant g ays in a loss-of-Coolant Accident - Not
applicable to the limer station.

(3) Possible Faliare of Pre: svi* Veuel Post-t oss of-Coolant Accident ty Thermij
Shecg - This item is urJer generic review as indicated in cur status report
tc the ACRS cated Decener 4,1978.
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? (4) Instruments to Detect (Severe) Fuel Failures - This item is partly resolved,

3 as reported in the November 15, 1977 letter from the ACRS to the Commission. d-

Instrumentation to detect fuel failures associated with normal operation and '

transients (limited fuel failures) has been shown to be adequate. The
i

adequacy of instrumentation to detect failures associated with more rapid,

events during which substantial fuel failures could occur has not been
demonstrated and this concern is considered unresolved. Furthcr work is .

necessary to determine (a) the adequacy of current instrumentation for these
"

,
rapid events, and (b) the need for additional instrumentation. Research .

.

administered by the Office of Reactor Safety Research and studies conducted . 5

under contracts administered by the Office of Nuclear Reactor Regulation [
'

should provide the information required to evaluate instrumentation limita-
''

tions and needs. In the interim, we have not identified any credible event .

(transient or accident sequence) for which a rapid fuel failure detection
# system would prevent " substantial" fuel failure (including fuel melt) and

i loss of coolable geometry. (See our December 4, i978 status report.) 2-z

(5A) Monitoring for Loose Parts Inside the Reactor Pressure Vessel - This item is
resolved for the Zimmer Station (subsection 4.4.1).

. 4

,

(5B) Montioring for Excessive Vibration Inside the Reactor Pressure Vessel - This
^

* . ,

*

item is under generic review as indicated in our status report to the ACRS
"

,

dated December 4, 1978.

' (6) Common Mode Failures - This item is under generic review as indicated in our
'

~

(6A) status report to ACRS dated December 4, 1918.
* - (68)

(6C) f
a

4 ,

(7) Behavior of Reactor Fuel Under Abnormal Conditions - This item is under e

generic review as indicated in our status report to ACRS dated December 4,
1978.

, ,,
,

(8) Boiling Water Reactor Recirculation Pump Overspeed Durina a Loss-of-Coolant
Accident - This item is under generic review as indicated in our status report
to the ACRS dated December 4, 1978.

'

. ,

(9) The Advisability of Seismic Scram - A seismic scram is not proposed for the
'

l'

Zimmer Station and we will not require such a scram (See letter, dated
-May 19, 1977, from E. Case, Acting Director, Office of Nuclear Reactor

Regulation, to ACRS Chairman Bender; Subject: "The Advisability of a Seismic
Scram," and our December 4, 1978 status report.) (

| w
,

(10) Emergency Core Cooling System Capability for Future Plants - This item is ,

*
under gene-ic review as indicated in our status report to ACRS dated .

December 4, 1978.
'

.
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GROUP 11 A - Resolution Pending - Items Since December 18, 1972

(1) Ice Condenser Containments - Not applicable to the Zimmer Station.

(2) Pressurited Water Reactor Pump Overspeed During a toss-of-Coolant Accident - Not
applicable to the Zimmer Station.

(3) Steam Generato~ Tube Leakage - Not applicable to the Zimer Station.

(4) ACRS/NRC Periodic (10-Year) Review of All Power Reictors - This item is under
generic review as indicated in our status report tu the ACRS dated December 4,
1978.

GROUP 11 B - Resolution Penfing - Items Added Since February 13, 1974.

(1) Lomputer keactor Froteuion Systems - Not applicable to the Zimmer Station.-

(2) Qualification of New Fuel Geometries - This item is resolved for the Zimer
Station by the analysis and confirmatory programs conducted (subsection 4.2
of this report).

(3) Behavior of Boiling Water Reactor Mark III Containment - Not applicable to the
Zimer Station.

(4) Stress Corrosion Cracking in Boiling Water Reactor alping - This item is
resolved for the Zimer Station by position taken by us and corrective actions
by the applicant (subsection 5.2 of this report).

GROUP II C - Resolution Pending - Items Added dInce March 12, 1975

(1) Locking Out of Emergency Core Coolina System Power-Operated Valves - Not
applicable to the Zimer Station.

(2) Design Features to Control Sabotage - On February 24, 1977 the Comission pub-
lished new requirements for the physical protection of nuclear power plants
against ects of sabotage (10 CFR 73.55). The new rule requires compliance at
the operating license stage. As a result of our review of the applicant's
preliminary plans for physical security, we conclude that a satisfactory
planning base has been described by the applicant upon w'11ch a complete
security program can be developed to demonstrate compliance with the new
regulations at the appropriate time. We will continue to work with and
provide guidance to the applicant to assure this end. (See our December 4,
1978 status report.)

(3A& Decontamination and Decomissionina of Reactors - These items are under
3B) generic review as indicated in our status report to ACRS dated December 4,

1978.
B -3
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(4) Ve s s e l._Syppo rt Structures - fnis ite:a is resolved fut the Zimmer Station by
position taken t/ us (subsection 5.2.1 of this report).

(5) Water Hammer - This item is rescivea for the limmer Stiticn by the specific
dasign (subsection 6.3.2 of this report).

(6) Maintenance and Irspectien of Plants - fnis item is resolved for the Zimmer

Statien (sucsection 12.3 of this report).

(7) Gebavior of Boiling Water Reactor Mirk I Caritainments - Not applicoble to the

Zimmer Station.

CRCtly !! D - Resolution Pending - ltems Added Stoce April 16, 1976

(IA)[2ety-RelatedInterf=cesBetweenReacter Islani and Galar.ce of-PI s .t - f4etf r

applicable to the Ziemer Statico. (See our Decemt'er 4, 1978 status report.)

(18) Sys_terg Interaction in N. clear P.;wer Plants - This item is unds' generic
r eview as indicated in our status report to the ACRS dated December 4,1978.

(2) Assurance of Continucur, long-h rm C_a.{ ability of Hermetic Seals on Instrumenta-
tion and Electrical E gi ment - This itra i+ under ocneric ravie* as indicatedi E
in our status repor t te the ACRS dated Dacember 4,1978

CROUP I_I_E_ - Resolution Fending - Items Added Since Fceruary 24, 1977

(1) Soil-Structure Interactions - This item is beinq evaluated as part of Task.

Action Plan A-40, ''setsmic Orsign Criteria " currently umier cese cpment. The
seil-structure interactica evaluatioa is currently underway end its objective
is to determitie limits and c3nditions of arplicability as well as estimates of
conservatism in the datinitien of sei:mic input and soil structure interact.fon

currently u cd in the seismic saalysis of nuclear power piants. (See our
Decett>er 4, 1978 status report.)
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