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FOREWORD

The Nuclear Safety Information Center, established in March 1963
at the Oak Ridge National Laboratory under the svonsorship of the U.S.

Atomic Energy Commission, is a focal point for the collection, storage,
evaluation, and dissemination of nuclear safety information. A system

of keywords is used to index the information cataloged by the Center.
The title, author, installation, abstract, and keywords for each docu-
ment reviewed are recorded at the central computer facility in Oak
Ridge. The references are cataloged according to the following cate-
gories:
General Safety Criteria
. Siting of Nuclear Facilities

. Transportation and Handling of Radiocactive Materials

Aerosnace Safety

1

2

3

4

5. Heat Transfer and Thermal Transients

6. Reactor Transients, Kinetics, and Stability

7. Fission Product Release, Transport, and Removal

8. Sources of Energy Release Under Accident Conditions
9. Nuclear Instrumentation, Control, and Safety Systems
10. Electrical Power Systems

11. Containment of Nuclear Facilities

12. Plant Safety Features - Reactor

13. Plant Safety Features - Nonreactor

14. Radionuclide Release and Movement in the Environment

15. Environmental Surveys, Monitoring, and Radiation Exposure
of Man

16. Meteorological Considerations
17. Operational Safety and Experience
18. Safety Analysis and Design Reports

19. Radiation Dose to Man from Radicactivity Release to the
Environment

20. Effects of Thermal Modifications on Ecological Systems

21. Effects of Radionuclides and Ionizing Radiation on
Ecological Systems

Computer programs have been developned which enable NSIC to
(1) ovperate a routine program of Selective Dissemination of Information
(SDI) to individuals according to their particular profile of interest.
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(2) make retrospective searches of the stored references, and (3) dis~
tribute scope and progress information on R&D contracts from the Pro-
gram and Project Information File (PPIF).

Services of the NSIC are available to government agencies, research
and educational institutions, and the nuclear industry on a partial cost
recovery basis designed to regain a portion of the expense associated
with disseminating the information to the user. A minimal inquiry re-
sponse is available free. NSIC reports (i.e., those with the ORNL-NSIC
numbers) may be purchased from the National Technical Information Ser-
vice (see inside front cover) while documents indexed by NSIC may be
examined at the Center by qualified personnel. Inquiries concerning
the capabilities and operation of the Center may be addressed to:

J. R. Buchanan, Assistant Director
(Phone 615-483-8611, Ext. 3-7253)

Nuclear Safety Information Center

Oak Ridge National Laboratory

Post Office Box Y

Oak Ridge, Tennessee 37830
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DESIGN DATA AND SAFETY FEATURES OF
COMMERCIAL NUCLEAR POWER PLANTS

Vol. IT
Docket No. 50-296 Through 50-395

ABSTRACT

Design data, safety features, and site characteristics are
summarized for forty-seven commercial nuclear oower plants in
the United States. Six pages of data are presented for each
plant consisting of Thermal-Hydraulic and Nuclear Factors, Con-
tainment Features, Emergency Core Cooling Systems, Site Features,
Circulating Water System Data, and Miscellaneous Factors. A
small aerial perspective is also presented for each plant site.
Plants covered in this volume are Browns Ferry, Docket Number
50-296, and all subsequent plants finishing with Virgil C. Summer,

Docket Number 50-395.

INTRODUCTION

The data summaries for this report were taken from the Preliminary
Safety Analysis Reports (PSAR) and Final Safety Analysis Reports (FSAR)
generated for the U.S. Atomic Energy Commission licensing authorities by
applicants wishing to build and operate nuclear power plants. These re-
ports consist of 800 to 2000 pnages of information which describe the re-
actor, the reactor site, the power generation system, auxiliaries, and
other aspects of importance in the safety assessment of reactor design,
construction. and operation. Unless a person is familiar with the orga-
nization of the reports, finding specific information therein can be very
time consuming. Even when the organization is understood, it can still
be difficult to find data because of variations in the style of the re-
ports. Therefore, this compilation of summary data should be useful.

The U.S. Atomic Energy Commission has issued a guide for organiza-
tion of material, and this guide is generally followed now for all PSAR's
and FSAR's. The suggested organization is as follows:

I. Introduction
IT. Site
ITI. Reactor

IV. Reactor Coolant System
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V. Containment System
VI. Engineered Safety Features
VII. Instrumentation and Control
VIII. Electrical Systems
IX. Auxiliary and Emergency Systems
X. Steam and Power Conversion System
XI. Radiocactive Wastes and Radiation Protection
XII. Conduct of Operation
XIITI. 1Initial Tests and Operation
XIV. Safety Analyses
XV. Technical Specifications
XVI. Appendices
In 1967, the Advisory Committee on Reactor Safety (ACRS) requested
that the Nuclear Safety Information Center compile design data on light-
water power reactors in a concise tabular format for use by their Commit-
tee. Since that time, tables have been prepared for each power reactor
and made available on a limited distribution basis to ACRS, several USAEC
Headquarters Offices, and the NSIC staff. The data summaries, which con-
tain about 150 of the most important reactor facts, have proven to be
quite useful to these groups and numerous requests have been received for
summaries from other organizations that became aware of their existence.
Consequently, a decision was made to issue the summaries in report form
so that they would become more widely available. This publication is de-
signated as Volume II because it covers commercial power reactors with
docket numbers larger than and including 50-296 (Browns Ferry No. 3).
Volume I, which will be published later, will cover power reactors up to
and including docket number 50-295. Data for the earlier reactors had
been compiled in an obsolete format that is being converted to the format
presently being used. In addition, data for the older reactors are now
being taken from the FSARs rather than the PSARs used earlier since in
most cases the FSARs are now available. 1In the index by sequential
docket number, some numbers are missing. The missing docket numbers are
for experimental reactors and/or for those not producing commercial

power.
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Organization of Information

Reactor summaries appear sequentially according to docket number.
Some general information such as name, size, location, utility, etc. is
listed at the top of the first page, followed by information organized

as follows:

A. Thermal-Hydraulic Data - Tabulations of data values on the thermal-
hydraulic design characteristics of the reactor core and coolant
systems.

B. Nuclear Data - Tabulations of data values on nuclear aspects of the
reactor core.

C. Safety-Related Design Criteria — Listing of data on exclusion dis-
tance, populations, design wind speed, seismic design, etc.

D. Engineered Safety Features - Data on containment design values, con-
tainment system descriptions, emergency core cooling systems.

E. Other Safety-Related Features - Descriptions of auxiliary safety
features such as leak detection, long term emergency cooling, flow
restrictors, failed fuel detection, emergency power, etc.

F. Miscellaneous - Other important information such as site features,
emergency plans, environmental monitoring, radwaste treatment, waste
heat system, etc.

G. Circulating Water System and Site Features - Information on site
topography, population, elevations, cooling water source, circula-

tion rate, cooling towers, etc.

Parameters are related to rated power outnut for a single unit unless
otherwise noted. For instance, in a case where the reactor report covers
two or three reactors of the same rating at one site, all data values given
will be for one unit. The last sheet of information, G. CIRCULATING
WATER SYSTEM AND SITE FEATURES, was recently added as supplementary data.
However, since the information appeared to be quite useful, it has been
compiled and is included for each reactor. The sketch at the bottom of
this sheet is an aerial perspective with notes describing the reactor
and site features. The terms and features used on it are explained in
Fig. 1. In most cases, the size of the reactor building and turbine
building has been increased over true size to better show their relation-

ship to the site.
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LEGEND — Parameters are related to each single unit unless otherwise noted.
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Fig. 1. Explanation of Terms for Site Sketch.
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Accuracy of Data

All information presented in this publication have been taken from
the Preliminary or Final Safety Analysis Reports, the applicant's Envi-
ronmental Report, or the AEC Environmental Impact Statement. In some
cases, a data value may be presented which has changed or is invalid for
some other reason. There are some values taken from the PSAR that have
changed but the FSAR is not yet available for the revised wvalue.

If values are found which are not correct, NSIC would like to be

informed.
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GLOSSARY OF TERMS

The following terms and abbreviations are used in the data summaries
in this report. This glossary is provided to assist the user in under-
standing the context in which the terms are applied and to identify the
abbreviations.

A-E — Architect-Engineer for the plant. Sometimes the firm serves as con-
sultants to the utility who do their own design and drafting.

Accumulator Tanks — Tanks that contain borated water under pressure (usu-
ally about 600 psig) for injection into the primary system in the event of
a loss of cooling accident. When coolant system pressure drops to tank
pressure, check valves open allowing water flow that will flood the core.

Active Heat Transfer Surf Area — The surface area of all fuel rods, mea-
sured on the active fuel-portion of the rods.

Auto-Depressurization System — The system that uses pressure relief valves
to vent steam to purposely lower reactor pressure so other core cooling
systems can operate.

Average Discharge Exposure, MWD/ton — Average burnup of fuel upon removal
from service, expressed in megawatt days per metric ton of fuel.

Avg Film Coeff — An average over the active core of the convective film
heat-transfer coefficient, h, defined from

Q/AAtlm =h

where Q is the heat removed per unit time from fuel surface area A, and
Aty, is the log-mean temperature difference between the coolant and the
surface.

Avg Film Diff — The average difference between the local coolant bulk
mean temperature and the local fuel clad surface temperature.

Avg Power Density — The power generated in the active core divided by the
core volume.

Average Power Range Monitor (APRM) — Selected amplifiers from the Local
Power Range Monitoring (LPRM) system are averaged in the APRM.

BWR — Boiling water reactor.

Burnable Poison — Neutron absorbing materials of relatively high micro-
scopic absorption cross section which are converted to low absorption
isotopes by neutron absorption and which are incorporated into reactors
to compensate for part or all of the reactivity decrease that would
otherwise result from fuel exposure.
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Chemical Shim — Supplementary control of the core reactivity by the use of
chemical poisons (such as boric acid) in the coolant.

Clean — The reactor and/or fuel elements are said to be clean if fuel ele-
ments are nonradioactive and uncontaminated by the products of nuclear re-
action.

Closed-Loop Cooling — System where cooling towers, cooling ponds, etc. are
used for cooling with all heat removed by the towers, etc. Water is re-
circulated in the closed loop.

Circulating Water System — System which provides cooling water to the main
condensers.

Cold — At ambient temperature.

Containment Atmospheric Control System — A system used to inject nitrogen
into containment for inerting. Other aspects of atmospheric control listed
as applicable.

Containment Constructor — The contracting firm which erects or fabricates

the primary containment structure. In most cases, the actual contractor's
name is not available. In these cases, the responsible party such as the

utility or A-E will be given.

Containment Cooling System — Spray cooling system for reducing drywell
pressure following loss of coolant.

Containment Isolation System — A system that provides the method for sealing
all openings in the containment system. Each penetration has two isolation

valves, one on the inside and one on the outside of the primary containment

wall. 1In case of an accident, the isolation valves close automatically.

Control Rod — A device made of neutron absorbing material capable of being
moved into or out of the core to regulate power.

Control Rod Drive Housing — Tube and flange attached to the reactor pressure
vessel for the purpose of mounting and containing the control rod drives.

Control-Rod-Drive-Housing Supports — Structural members located under the
reactor vessel close to the control-rod-drive housing for the purpose of
catching, supporting, and/or preventing excess movement of the control rod,
in case a housing ruptures.

Control-Rod Velocity Limiter — An integral part of a control rod which
limits the free-fall velocity of a control rod.

Control Rod Worth Minimizer — Electronic computing device which is used to
monitor the control rod pattern in the reactor core. Interlocks are pro-

vided which prevent the withdrawal of a control rod with a worth above the
established value.
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Core Average Void Within Assembly — The percent of voids in the coolant
within a fuel assembly.

Core Reflooding System — High flow system to rapidly flood the reactor core
following loss of coolant.

Core Spray System — A water system, activated in the event of loss of core
cooling, which sprays water on the top of the core to remove reactor core
decay heat.

Critical Heat Flux — The heat flux at which transition film boiling starts
to replace nucleate boiling. It is characterized by an abrupt change in
surface heat transfer coefficient.

Curtain Worth — The reactivity worth of the poison curtain.

Design Basis Earthquake — That earthquake which produces the vibratory
ground motion for which those features of the plant necessary to shut down
the reactor and maintain the plant in a safe condition without undue risk
to the health and safety of the public are designed to remain functional.

Design Criteria — A list of requirements of the U.S. Atomic Energy Commis-
sion that govern reactor design.

Docket No. — The number assigned by the AEC Division of Reactor Licensing
to a particular reactor.

Doppler Coefficient — The reactivity change due to Doppler broadening of
“°%y resonance absorption cross section per degree F change in temperature.

DNBR, Nominal — Departure from Nucleate Boiling Ratio, the minimum value of
the ratio of heat flux required for DNB as calculated from the Westinghouse
correlation (W-3) divided by the local heat flux in a fuel element,.

Drywell — Vessel enclosing the reactor primary system and forming part of
the primary containment system of a BWR.

Eff Flow Area for Heat Transfer — The total effective cross sectional area
of the fuel channels through which the water flows through the core.

Eff Flowrate for Heat Transfer — That portion of the coolant flow that
passes directly through the active core for cooling the fuel elements.

Emergency Power — Usually supplied by diesel-generator sets 1f off-site
power supply is lost. Emergency alternating current is available for en-
gineered safety features and other necessary equipment.

Engineered Safety Features (ESF) — Special systems designed to operate in
a nuclear power plant so as to prevent or mitigate the consequences of an
accident. Engineered Safety Features include containment vessels, contain-
ment sprays, filter systems, emergency core cooling systems, and the like.
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Environmental Monitoring — Collection and analysis of samples of the en-
vironment (air, water, soil, aquatic life, terrestrial, etc.) to evaluate
effects that might result as a consequence of plant operation.

Exclusion Distance — The distance from the centerline of the reactor to
the nearest exclusion fence boundary.

Flow Restrictor — A static device placed in a steam or water line for the
purpose of restricting the blowdown rate in the event of a major line
break. The device affords protection for the core, reduced load on the
containment system, and additional time for the initiation of the emer-
gency systems.

Fuel Assembly — Assembly of fuel rods, spacers, and related hardware.

Fuel Channel — The long square tube or box enclosing the fuel assembly and
providing a coolant flow nath through the assembly.

Fuel Element — See Fuel Assembly.

Fuel Rods — Assembly of fuel pellets, fuel cladding, and related hardware
welded into a sealed unit.

Fuel Rod Cladding — The material enclosing the U0, fuel pellets.

Full Power Xe and Sm — The equilibrium concentrations of the Xenon and Sa-
marium poisons present at full power.

High-Head Safety Injection System — See High-Pressure Coolant-Injection
Systemn.

High Pressure Coolant-Injection System — High pressure pumps, valves, pip-
ing, etc., used to provide emergency core cooling in the event of failure
of a small process line.

Hot — At temperatures corresponding to full power operation.

Hydrogen Recombiner — Equipment that combines free oxygen and free hydrogen
to produce water. The purpose is to eliminate free hydrogen from the gas-
eous systems.

Isolation Cooling System — High pressure system for rejection of core decay
heat when the reactor is isolated from the main condenser.

keff — The effective multiplication constant of the core.
LOCA — Loss of coolant accident.

Local Power Range Monitor (LPRM) — In-core ion chambers for monitoring lo-
cal neutron flux in the reactor core.

Low-Head Safety Injection System — See Low-Pressure Coolant Injection Sys-
tem.
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Low-Pressure Coolant Injection System — A system of pumps, valves, piping,
etc., that pumps quantities of water into the coolant system to reflood the
core after blowdown.

Low Population Zone Distance — The radius that circumscribes an area imme-

diately surrounding the exlcusion area which contains residents, the total

number and density of which are such that there is a reasonable probability
that appropriate protective measures could be taken in their behalf in the

event of serious accident.

MCHFR — See Minimum Critical Heat Flux Ratio.
MTU — Metric ton of uranium. One metric ton = 1000 kg = 2205 1b.
MWD — Energy in megawatt-days.

Main Steam Lines — Piping which passes steam from the reactor or from steam
generator to the turbine.

Max Prob Flood Level — The maximum hypothetical elevation at the site to
which water could rise in case of the most severe rain, with the most severe
winds, with bursting dams, etc.

Metropolis — The nearest city to the plant that is classified as a U.S. city
with Standard Metropolitan Statistical Areas as compiled from the Bureau of
the Census by the World Almanac.

Minimum Critical Heat Flux Ratio (MCHFR) — The smallest ratio of critical
heat flux divided by the local heat flux existing in the reactor core at
any point in time.

Moderator Coefficient — A combination of moderator void coefficient and
moderator temperature coefficient.

Moderator Pressure Coefficient — The change in core reactivity per unit
change in moderator pressure.

Moderator Temperature Coefficient — The change in core reactivity level
for a unit temperature change in the moderator.

Moderator Void Coefficient — The change in the core reactivity level for a
unit change in moderator void content.

NSS Vendor — Supplier of the nuclear steam supply system.

Normal Level — Normal pool elevation in mean sea level (MSL) measurement of
the body of cooling water.

Open-Cycle Cooling — The system that uses water in the circulating system
for once-through cooling. Water is taken from the river, lake, or ocean
and used to cool the condenser. It is then discharged back to the same
body of water with the added heat.
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Operating Basis Earthquake — That earthquake which produces the vibratory
ground motion for which those features of the plant necessary for continued
operation without undue risk to the health and safety of the public are
designed to remain functional.

PWR — Pressurized water reactor.

Peak Enthalpy on Rod Drop — Melting of UO; occurs between 220 and 280
cal/gm, and fuel rod rupture will occur about 400 cal/gm. Thus the 280
cal/gm, which represents a safe condition for the fuel is usually set as
the peak enthalpy value acceptable during a power excursion that could oc-
cur in a rod drop accident.

Peaking Factor — A term used with heat flux where the peaking factor is the
maximum value divided by the average value, whether it be along a fuel rod
or radially in the core.

Penetration — A pipe or sleeve which penetrates the containment wall -
pipes for flow of fluids, steam, or gases, and special sleeve-plugs for
electrical distribution.

Percent Enrichment — Atoms of uranium 235 per 100 atoms of a uranium mix-
ture of 2°°U and 2°%U. This quantity may also mean atoms of fissionable
nuclide per 100 atoms of metal fuel mixture.

Plant Operating Mode — Load-following or base-~loaded plant.

Prim Ctmt — Primary Containment.

Primary Containment (System) — Housing for the reactor primary system de-
signed to prevent the release of radioactive materials to the environment
in the remote event of accident. 1In a BWR the system includes the drywell,
the pressure suppression pool contained in the torus and the vent pipes.
The pool provides a heat sink for rapid reduction of pressure following a
loss of coolant accident. In a PWR, the containment system includes the
containment vessel, its isolation system, and the spray system which cools
the atmosphere and reduces the pressure.

Protective System — The instrumentation system which handles all functions
of control relative to operation of engineered safety features or other
equipment or functions designed for protection of the plant.

Radwaste — Contraction of the words ''radioactive'" and "waste'", used to
describe waste substances which may contain radioactive materials.

Radwaste System — System for handling, treating, or storing solid or lig-
uid wastes which contain radioactive materials.

Reactor — The pressure vessel, the pressure vessel internals, and the con-
trol rod drives in which the fission process occurs. In power reactors
the fission energy is removed from the reactor by a fluid system which
utilizes the energy.
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Page 5, PWR

Reactor: Three Mile Island

F. MISCELLANEOUS

Windspeed, Direction Recorders, and Seismographs: Wind speeds and other
meteorological data have been recorded with a 100 ft high tower since 1967.
Seismographs not mentioned.

Plant Operating Mode: Load following - matching megawatt generation to unit load
demand.

Site Features: Located on Three Mile Island in the Susquehanna River 10 miles SE
of Harrisburg, Pa. Site is level with rolling to hilly terrain on both sides of

the river. Site grade is 304 ft (MSL) with max probable flood estimated at 303'—
6". Land use is mostly agricultural., Olmsted State Airport is 2 1/2 miles from

the plant and ~1 1/2 miles from the extended runway centerline. In a 2 mi radius
there was 2700 inhabitants and 28,660 in the 5 mi radius (1969 population).

Turbine Orientation: Ejected turbine blades could strike containment structure.

Emergency Plans: pergonnel will be familiar with the emergency plan, and practice
drills will be held for training. This plan covers fire, reactor accidents and
radiological incidents, and medical treatment of contaminated personnel and co-
ordination of off-site activities with state officials. Agencies will be famil-
iarized with the Nuclear Station and with their role in an emergency situation.

Environmental Monitoring Plans: A program was started in January 1968 to measure
background levels, etc. in well and river water, river sediment, fish, soil, and
vegetation. Milk and other human food has been analyzed for radionuclides. A
special pre-operational program will be started 15 to 18 months before operation
which will be a model for the program to be followed after operation starts.

Radwaste Treatment:Liquid wastes are collected and processed through the evapora-
tor and the condensate passed through a demineralizer. Liquid is then reused or
released to the river diluted by the cooling tower blow down. Gaseous wastes are
collected and compressed for storage and decay. After proper decay, gases are
released through the plant vent. Solid wastes are collected, storaged and
packaged in DOT approved containers.

Stack Height - Vent on top of reactor bldg -~ 200 ft above grade.

Waste Heat System: Closed-system cooling will be used with 2 hyperbolic natural
draft cooling towers to remove the heat. A smaller mechanical-draft tower will
cool the blowdown and other plant effluents which are ~12,000 gpm. River average
flow is 34,000 cfs. There are 6 circulating water pumps with combined capacity of
444,000 gpm.
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Page 6
G. CIRCULATING WATER SYSTEM REACTOR NAME_Three iile Island iiuclear
& SITE FEATURES Station Units 1 & 2
THERMAL #1 2535 TYPE OF NUCLEAR DOCKET NO, 5U=26!
OUTPUT, MWt #2 2452 STEAM SYSTEM FiR 50-320
NEARBY BODY OF WATER Susquehanna River NORMAL LEVEL 277' (MSL)

MAX PROB FLOOD LEVEL 303' (MSL)

SIZE OF SITE 625 ACRES SITE GRADE ELEVATION 304' (MSL)

TOPOGRAPHY OF SITE Flat
OF SURROUNDING AREA (5 MI RAD) Rolling to ililly

TOTAL PERMANENT POPULATION IN 2 MI RAD 2700  (19649) IN 5 MI RAD 28,6593 (1969 )
NEAREST CITY OF 50,000 POPULATION Harrisburg, Pa.
DISTANCE FROM SITE 10  MILES POPULATION 73,500  (1464)

LAND USE IN 5 MILE RADIUS Agricultural

CIRCULATING WATER SYSTEM TYPE OF SYSTEM_ Closed Loop
WATER TAKEN FROM Susquehanna River FOR “akeoup
WATER BODY TEMPERATURES - WINTER AVG_36 F SUMMER AVG_75 F  AVG_b5L F
RIVER FLOW 34,000 (cfs) avg. *#QUANTITY OF MAKEUP WATER i-,000 (gpm)
*TOTAL FLOW THROUGH CONDENSERS__ 444,000 (gpm) TEMPERATURE RISE_- F
*HEAT REMOVAL CAPACITY OF CONDENSERS__ - (Btu/hr) *Per Unit

COOLING TOWERS Two hyperbolic natural: draft towers with an additional mech-~

ical draft tower to cool blow-down being returned to river.
OTHER INFORMATION

Blow-down will range from 2000 gpm_to 45000 gpm
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EDWIN I. HATCH, 50-321 & 50-366 (BWR) Page 1

Project Name: Edwin I. Hatch Nuclear Plant, 1 & 2 Reactor: Hatch
J
A-E: Southern Services, Inc. (Bechtel
Location: Baxley, Georgia Vessel Vendor:Not stated Assisting)
Owner: Georgia Power Company Docket No.: 50-321, 50-366
NSS Vendor:  General Electric Company Containment Constructor: Not stated
A. THERMAL-HYDRAULIC B. NUCLEAR
Thermal Qutput, H,0/U02 Volume
MWt 2436 Ratio 2.41
Electrical Output, 813 Moderator Temp Coef -5
MWe Cold, Ak/k/°F 3.0 x 10
Total Heat Output for Jeddk Moderator Temp Coef _ _5
Safety Design, MWt 2436 Hot, No Voids 39.0 x 10
Steam Flow Rate, 10.0x10° - #1 Moderator Void Coef 1.0 x 10-3
1b/hr +10.5x106 - #2 Hot, No Voids, Ak/k/% )
Total Core Flow 6 Moderator Void Coef _3
-1.6

Rate, 1lb/hr /8.5 x 10 Operating 1.6 x 10
Coolant Pressure, 1005%* Doppler Coefficient, 1.3 x 10-°
psig 1020%* Cold :
Heat Transfer Doppler Coefficient, _ _5
Area, ft? 48,451 Hot, No Voids 1.2 x 10
Max Power per Fuel Doppler Coefticient, <-1.3 x 10-5
Rod Unit Lgth, kw/ft 18.5 Operating :
Maximum Heat Flux, Initial Enrichment, .
Btu/hr-ft? 428,308 %
Average Heat Flux, Average Discharge Ex- 1
Btu/hr-ft?2 164,740 posure, MWD/Ton 9,000
Maximum Fuel Tempera- 4380 Core Average Void e
ture, °F Within Assembly, %
Average Fuel Rod o k , All Rods In
Surface Temp °F eff 0.96
MCHER 1.9 keff’ Max Rod Out <0.99
Total Peaking 2.6 Sontrol Rod Worth, 0.01 Ak normal
Factor % 0.03 Ak abnormal
Avg Power Density, nS1 + Curtain Worth,
Kw/ % -

* Table 1.7-1
** Table 3.1-1

+ Data from PSAR for Unit 2.

*%% Sect. 14.4.3.4 for LOCA, assumption
is that reactor has been operating
at design power (2436) for 1000
days prior to line break.

All this data was taken from FSAR for

Burnable Poisons,
Type and Form

Flat sheets, SST
w/nat Boron 5400

Number of Control
Rods

137 rods
248 curtains

Number of Part-Length
Rods (PLR)

pm

Unit 1. Unit 2 is almost the same.
Where data is different, it is so indi-
cated.
Compiled by: Fred Heddleson FSAR
Date: October 1970 April 71
TX-4377

(8-70)
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Page 2, BWR
Reactor: Hatch
C. SAFETY-RELATED DESIGN CRITERIA
Exclusion Distance, Mi. 0.81 Design Winds in psf:
- - Class 1 Class I1
Low Population Zone Dist., Mi. - At O - 50 ft 28 (105 mph) EE_TEBB_mPI
Metropolis Distance Population
Savannah, Ga. 65 mi 208,000 50 - 150 ft 44 40
Design Basis Earthquake 150 - 400 ft 66 62
Accel., g 0.15 >0
T d i

Operating Basis Earthquake ornado 300 mph tangential & 6: ?gh
Accel., g 0.08 AP = 3 psi/ 3 sec orizon
Earthquake Vertical Shock, Is intent of 70 design criteria
% of Horizontal 66 Satisfied?Sect F gives conformance ref.

Peak Fuel Enthalpy on Rod Drop: 280 calories per gram.

At this value, pressure-
rise rates are less than 50 psi/sec.

Recirculation Pumping System & MCHER: Pump speed can be varied for some control
of power level thru effects of coolant flow on moderator void content to maintain
MCHFR not less than 1.9 at rated conditions.

Protective System: Initiate rapid, automatic shutdown in time to prevent fuel-

cladding damage following abnormal operational transients. This
system overrides all operation actions and process controls.
e —l
D. ENGINEERED SAFETY FEATURES
D1. CONTAINMENT (Ctmt)

Drywell Design

Prim Ctmt Leak

Press, psig 56 Rate, %/day 1.2

Supprn Chamb Design 56 Second Ctmt Design 0.2

Press, psig Press, psig -25
Calc Max Internal Second Ctmt Leak

Press, psig 46.5 Rate, 7%/day 100

Type of Construction: Drywell is a steel pressure vessel in the shape of a light

bulb, and the pressure-suppression chamber is a torus-shaped steel pressure vessel
located below and around the drywell. Drywell is enclosed in reinforced concrete.

Design Basis: Designed to accomplish

b.
c.
d.

To accommodate & mitigate effects

4 functions (Sect. 5.2.4.1):

a. To accommodate press & temp associated with equipment failures.

of potential metal-water reactions in LOCA.

To provide barrier against leakage of fission products following an accident.
To provide strength to withstand missiles and jets forces.

Vacuum Relief Capability: Two groups
ment from exceeding 2 psi of vacuum.

reactor bldg-to-torus group. Venting
torus to drywell preventing excessive

of vacuum breakers prevent primary contain-

One is torus-to-drywell group; the other, the

air moves from bldg to torus and then from
vacuum.

Post-Construction Testing: Penumatic
56 psig.

test at 1.25 times design pressure of

Pressurized to peak calculated press and tested for leakage rate.

double-sealed and testable.

Penetrations: Electrical penetrations, personnel hatches, and equipment hatches are
All others are single-sealed.
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Reactor: Hatch
D2. EMERGENCY CORE COOLING SYSTEMS

Core Spray Cooling System: System has 2 independent loops, each with one 100% cap
pump, a spray sparger above the core, piping and controls. System is actuated by
low water level in reactor or high press in drywell. Water is taken from suppres-
sion pool, One loop can operate for any size of pipe rupture to limit fuel-clad
temp after LOCA. Each pump delivers 4725 gpm @ 132 psid. Backup system is LPCI.

Auto-Depressurization System: provides automatic depressurization for small breaks
with maloperation of HPCI system so LPCI and core spray system can operate. {ix
press relief valves vent steam to the suppression pool. Valves open upon coinci-
dent signals of reactor low water and drywell high press after 2 min delay.

Residual-Heat-Removal System (RHRS): Designed to remove decay heat and residual
heat from reactor, supplement spent fuel cooling, and condense reactor steam when
main condenser is not available. System uses the 4 pumps of the LPCI system. Five
modes of operation are (1) LPCI, (2) Containment Spray, (3) Condense steam while
reactor is isolated from main condenser, (4) Remove heat from suppression-pool
water, (5) Shutdown cooling. There are 2 independent loops each with 2 pumps and
one heat exchanger. Each pump is rated 7700 gpm @ 450 psig. Heat exchanger
capacity is 30.8 x 10% Btu/hr.

High-Pressure Coolant-Injection System: Steam-turbine-driven pump supplies 4250
gpm @ 1120 psid to feedwater pipe. Suction taken from condensate storage tank
where 100,000 gal are reserved for HPCI. Suppression pool is backup supply.
System starts when water level reaches a pre-selected height above the core to
prevent fuel clad damage in case of small pipe rupture.*

Low-Pressure Coolant-Injection System: A gubsystem of RHRS for flooding core when
other systems cannot do it. Starts automatically on low water level in reactor or
high press in drywell. Same signals start core spray. Three of four pumps operate,
each supplying 7710 gpm @ 20 psid to the reactor to prevent fuel-clad damage. Max
press against which LPCI will operate is 150 psig.

* Water pumped into 1 loop. Instru-
E. OTHER SAFETY-RELATED FEATURES mentation detects the undamaged path.

Standby Coolant System: A cross—tie line is provided between the RHR service
water system and the LPCI system so that service water may be pumped directly
into the reactor vessel or into the containment via the containment spray
headers.

Main-Steam-Line Flow Restrictors: Venturi-type flow restrictors installed in each
main steam line between relief valve and isolation valve. Limits loss of coolant
in case of main line break. Also prevents uncovering core before isolation valve
closes. Limits steam flow to 200% of rated flow.

Control-Rod Velocity Limiters: Design of elements inside the control-rod-guide
tube limits drop-out velocity to <5 ft/sec over full length of the stroke, Velocity
of rod insertion is not affected. This feature prevents against a high reactivity
rate of change in the event of a control-rod-drop accident.

Control-Rod-Drive-Housing Supports: Located underneath reactor vessel just under
control-rod housing to limit travel or catch the control rod if housing ruptures.
Will prevent a nuclear excursion even if housing fails & drops from the reactor.
Under operating conditions, housing can drop only 1/4 in. in case of failure.

Standby Liquid-Control System: A redundant system for reactivity control; used
when control rods cannot shutdown reactor. By manual initiation, sodium pentaborate
solution is pumped into the reactor coolant. About 1 to 2 hr required for complete
injection. System can be used to maintain shutdown if required.
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Reactor: Hatch
E. OTHER SAFETY-RELATED FEATURES (cont'd)

Containment Atmospheric Control System: Primary containment can be filled with
nitrogen during normal operation. Oxygen content can be maintained below 4.9%.
Purging can be accomplished in four hours.

Reactor Core Isolation Cooling System (RCICS):During reactor shutdown, if flow
from main feed system is lost, RCICS pumps water into reactor with a steam-driven
turbine pump unit which receives its steam supply from the reactor vessel. RCICS
starts automatically on receipt of reactor-vessel low-water level signal; or system
can be started manually. Pump suction is taken from condensate storage tank with
suppression-pool for backup. At shutdown, steam flows to the main condenser, or if
the condenser is isolated, thru relief valves to suppression pool.* If feedwater
pumps cannot replace fluid removed from vessel, RCICS supplies 416 gpm @ 1135 psia.

Reactor Vessel Failure: Failure consequences not discussed.
Missile & Reactor Forces -

* Steam is passed through heat
exchanger and condensate sent

Core Cooling Capability - on to pool.

Containment Floodability - Primary containment might be flooded if a breach
of primary barrier cannot be sealed.

Reactor-Coolant Leak-Detection Systems:

Normal leakage from seals, etc., is piped
to sump and is measurable., Other leakage received in sump which cannot be identi-
fied is abnormal leakage and must be kept low. Unidentifiable leakage limit is 15
epm. Abnormal leakage is indicated by changes in drywell press or temp, & flow in-
dicators for floor drain sump and equipment drain sump. High water levels in sumps
nd starting of each pump is enunciated in the control room.

Failed-Fuel Detection Systems: Four gamma-sensitive instrument channels monitor
steam lines. Detectors are located near main lines just downstream of the outboard
in line isolation valves in the space between primary and secondary containment
alls. When a significant increase in radiation is detected, reactor is scrammed
and isolation valves close. Output trip signals of each monitor channel are com-

bined in a one-out-of-two-twice logic to reduce spurious scrams.

Emergency Power:

Apparently, 5 diesel-generator sets are available, two exclusi-
vely for Hatch 1, two for Hatch 2, and one unit shared. These are described under
ﬁuxiliary System (Sect. 8.3) and Standby AC Supply (Sect. 8.4). Units start auto-
atically on signals indicating reactor low water level, or high drywell pressure,
pr loss of voltage on bus. Units can be loaded 10 seconds after starting. A day

fank has 4-hour fuel supply and other fuel on the site will run 4 diesels for
7 days. Units are rated at 2850 kW.

Rod-Block Monitor: Designed to prevent local fuel damage resulting from a single
rod-withdrawal error. The subsystem provides a warning signal to the operator.
The RBM subsystem has 2 RBM channels, each of which uses input signals from a
number of LPRM channels. A trip signal from either RBM channel can initiate a rod

block. At less than 30% power RBM is bypassed. A signal from RBM inhibits control
rod withdrawal.

Rod Worth Minimizer: A function of the computer which assists the operator in
startup, shutdown, and low power (less than 10%) control-rod o?ocedure§. Pre-
vents operator from establishing control-rod patterns not consistent with pre-
stored sequences. RWM operates to maintain max rod worth below 0.01 Ak.




95

Page 5, BWR

Reactor: Hatch
F. MISCELLANEOUS

Windspeed, Direction Recorders, and Seismographs: 150-ft tower erected for
mEAZUYINg wind Speed and direction and temperatures. Data will be recorded on

charts or punched paper tape.

FSAR makes no reference to permanent seismograph.

Plant Operating Mode: 1oad-following, with recirculation flow control.

Site Features: Site comsists of 2244 acres on south side of Altamaha River about
1 mile east of US Hwy f#f1. Site grade is 129' (MSL) which is 25 ft above max .proba-
ble flood level. The site and surrounding area is gently rolling with 260' the
max elev in a 5 mi radius. Average river flow is 13,000 cfs with temperatures of
50 F avg winter low and 84 F avg summer high. Area is sparsely po?ulated with
only 678 residents in a 2 mi radius. Nearest town is Baxley (11 mi) wi?h 4800.
(1967) people. Surrounding land is primarily wooded (70%). Nearest railroad is
10 mi, but a spur has been constructed to the plant.

Turbine Orientation: Center line of turbines about 170 ft from center line of two

; . 1ud . £ triki
reactors (Hatch 1&2).ex£g€%1g§ 8%igégggn?rec ude blade ejection from striking

Emergency Plans: gppergencies will be either radiological or nonradiolog%cal.
Radiological emergencies will be onsite or offsite. Personnel will be_tralged to
handle accidents, and drills will be held. A medical assistance p%an is being
prepared so doctors trained in radiological procedures will be available on call.

Environmental Monitoring Plans: The purpose of such a program is to measure en-
vironment radioactive materials that might have been released from the plant.
Measurements will be taken at numerous stations so that normal backgrounds can
be established that are unaffected by the plant; and the close-in stations can
indicate plant~effected levels. A preoperational program will start about 1 yr
before fuel loading. Samples to be collected will include air particulates,
precipitation, external radiation, milk, river water, river benthos, river fish,
and well water. The sampling program will be variable depending upon time,
amount of activity measured, and plant conditions.

Radwaste Treatment: Ljiquid wastes will be collected and processed to reduce
activity. Low levels will be released diluted by the condenser cooling water.

he average activity discharged will be 6.5 x 103+microcuries/day. Solid wastes
Will be collected, dewatered and placed in 55-gal drums for shipment offsite for
disposal. Gaseous wastes will be collected, stored for decay, and processed for

disposal thru the vent stack. Activity in gases released thru stack will be ~600%
Inicrocuries per second.

Stack Height - 150 m above ground (reinforced concrete). Top @ 620' MSL.

Waste Heat System: (Circulating water system uses a closed-loop design with

echanical draft cooling towers. Two or more pumps circulate water from the
cooling tower basin thru condensers and back to cooling towers. Makeup water
pill be taken from the Altamaha River. Makeup water and other required water
j'ill be a maximum of 32,000 gpm, of which about 20,000 gpm will be returned to
river. No information presented on quantity of flow thru condensers, or temp
Fise across condenser, and temp rise of water returned to the river.
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UTILITY Georgia Power Co. REACTOR NAME Edwin I. Hatch Nuclear
Plant, Units 1 & 2
THERMAL TYPE OF NUCLEAR DOCKET NO. 50-321
OUTPUT, MWt 2436 STEAM SYSTEM BWR 50-366
NEARBY BODY OF WATER Altamaha River NORMAL LEVEL 72' (MSL)

MAX PROB FLOOD LEVEL 10u4' (MSL)

SIZE OF SITE 2100 ACRES SITE GRADE ELEVATION 129' (MSL)

TOPOGRAPHY OF SITE Flat to Rolling
OF SURROUNDING AREA (5 MI RAD) Flat to Rolling

TOTAL PERMANENT POPULATION IN 2 MI RAD 107 (1972) IN 5 MI RAD 840 (1972)
NEAREST CITY OF 50,000 POPULATION Savannah, Georgia
DISTANCE FROM SITE 67 MILES POPULATION 208,000 (1970)

LAND USE IN 5 MILE RADIUS Wooded-70%

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers
WATER TAKEN FROM Altamaha River FOR Makeup
WATER BODY TEMPERATURES - WINTER AVG_50 F SUMMER AVG_8u F AVG_b67 F
RIVER FLOW 13,000 (cfs) avg. #QUANTITY OF MAKEUP WATER ¢232,000 (gpm)
*TOTAL FLOW THROUGH CONDENSERS < 555,000 (gpm) TEMPERATURE RISE - F
*{EAT REMOVAL CAPACITY OF CONDENSERS 5660 X 10° (Btu/hr) *Per Unit

COOLING TOWERS Three mechanical-draft towers. Evaporative loss is 12,000 gpm.

OTHER INFORMATION Blowdown returned to river is 20,000 gpm.

*TrnrdFHON'

NUCLEAR SAFETY INFORMATION CENTER
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SHOREHAM, 50-322 (BWR) Page 1

Project Name: Shoreham Nuclear Station

Reactor: Shoreham

Owner:
NSS Vendor:

Location: Long Island Northshore¥*
Long Island Lighting Company
General Electric

A-E: Stone and Webster

Vessel Vendor:
Docket No.: 50-322

Not specified

Containment Constructor: Not specified

A. THERMAL-HYDRAULIC B. NUCLEAR
Thermal Output, 2.436 H,0/U02 Volume 2.41
MWt ’ Ratio
Electrical Output, Moderator Temp Coef _ -5
Mile 849 Cold, Ak/k/°F 5.0 > 10
Total Heat Output for 2,550 Moderator Temp Coef ~39.0 x 10-5
Safety Design, MWt Hot, No Voids
Steam Flow Rate, 10.47 x 106 Moderator Void Coef 1.0 x 10-3
1b/hr Hdot, No Voids, Ak/k/%
Total Core *low 75.5 x 106 “feJer. 0T Void Coef 1.5 x 10-3
Rate, lb/hr Operating
Coolant Pressure, 1,005 Doppler Coefficient, 1.2 1075
psig Cold -
Heat Transfer 48,451 Doppler Coefficient, 1.2 x 10-5
Area, ft? Hot, No Voids )
Max Power per Fuel 18.37 Doppler Coefficient, ~1.3 x 10°5
Rod Unit Lgth, kw/ft Operating
Maximum Heat Flux, 428,308 Initial Enrichment, 2.29
Btu/hr-ft? %
Average Heat Flux, 164,734 Average Discharge Ex- | 1g gg0
Btu/hr-ft? posure, MWD/Ton ’
Maximum Fuel Tempera- 4,380 Core Average Void 43.1
ture, °F Within Assembly, %
éverage Fuel god 558 keff’ All Rods In <0.96
Surface Temp °F
‘MCHFR 1.9 keff’ Max Rod Out <0.99
Total Peaking Control Rod Worth, 0.029Ak cold
Factor 2.60 %
Avg Power Density, 51.2 Curtain Worth,
Kw/% % -

Burnable Poisons, Boron-8ST 248

* Type and Form flat curtains
N. of Brookhaven Number of Control

Rods 137

Number of Part-Length N

Rods (PLR) one

Compiled by: Fred A. Heddleson

Date:

June 1969

TX-4377
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