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FOREWORD 

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

1
enter. 

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: 

1. General Safety Criteria 

2. Siting of Nuclear Facilities 

3. Transportation and Handling of Radioactive Materials 

4. Aerospace Safety 

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 Radioactivity Release to the 
Environment 

20. Effects of Thermal Modifications on Ecologi~al Systems 

21. Effects of Radionuclides Rnd Ionizing Radiation on 
Ecological SyHtems 

Computer programs have been developed which enable NSIC to 
(1) operate 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 ano 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. II 

Docket No. 50-296 Through 50-395 

ABSTRACT 

Design data, safety features, and site characteristics are 
summarized for forty-seven commercial nuclear power 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 oower plants. These re

ports consist of 800 to 2000 pages 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 operatiun. 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 fulluws: 

I. Introclnc:ti.on 

II. Site 

III. Reactor 

IV. Reactor Coolant SyRtcm 

. -J, 



v. 
VI. 

VII. 

VIII. 

IX. 

x. 
XI. 

XII. 

XIII. 

XIV .. 

xv. 

xiv 

Containment System 

Engineered Safety Features 

Instrumentation and Control 

Electrical Systems 

Auxiliary and Emergency Systems 

Steam and Power Conversion System 

Radioactive Waste? and Radiation Protection 

Conduct of Operation 

Initial Tests and Operation 

Safety Analyses 

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 b_e 

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 artd including 50-296 (Browns Ferry No. 3). 

Volume I, which wil1 be published later, w:i.11 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. In 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 tou of the first page, followed by information organized 

as follows: 

A. Thermal-Hydraulic Data - Tabulations of data values on the thermal

hydraulic design characterlsLics 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 sy::itern::;. 

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 infurmation 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 inclu<le<l for each reactor. The sketch at the bottom of 

this sneet 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 value. 

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 

where Q is the heat removed per unit time from fuel surface area A, and 
L'ltlm 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 temµerature. 

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 p~oducts 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. 

_C_o_n_t_a_i_·n_m_e~n_t~A_t_m_o_s_p~h~e_r_i_c~C_o_n_t_r_o~l~S~y_s_t_e~m - 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. In case of an accident, the isolation valves c~ose 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. 



xx 

Core Average. Void Withiri 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, act~vated 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 ab_rupt change in 
surface heat transfer coefficient. 

Curtain Worth - T~e 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 dow'n 
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 Connnis
sion that govern. reactor des;i..gn. 

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

Do~pler Coefficient - The reactivity change due to Doppler broadening of 
2 3 U resonance absorption .. cross section per degree F change in temperature. 

DNBR, Nominal - Departure from Nucle.at.P. Rni J inE Rr1ti n > thP mi nimnm mil 11e 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 section.al 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 
pass~s directly through the active core for cooling the fuel elements. 

Emergency Power -'- Usually supplied by diesel-generator sets if 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 
acciden.t. 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 Qf 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 pro·tection 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 path 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 2 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 
System. 

See High-Pres~ure Coolant-Injection 

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. 

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-Hearl 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 
CDre after blowdown. 

Low Population Zone Distance - The radius that cir~umscribes 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 lb. 

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 pursting 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 moderat"or·pressure. 

Moderator Temperature Coefficient.- The change in core reactivity level 
for a unit terriperature. c,hange 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 ste.a!Il supply system. 

Normal Level - Normal pool elevation in mean sea level (MSL) measurement o.£ 
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 Enthaloy on Rod Drop - Melting of U02 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 235 u and 238U. This quantity may also mean atoms of fissionable 
nuclide per 100 atoms of metal fuel mixture. 

Plant Ope·rating 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. In 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 functi~ns 
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 liq
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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Reactor Building - Leaktight housing for the reactor, reactor auxiliary 
systems, and the primary containment system, generally referred to as sec
ondary containment. 

Reactor Core Isolation Cooling System (RCICS) - Provides core cooling in 
case the reactor is isolate.a from its normal heat sink. It is also used 
in case of loss-of-flow from the feedwater system and during shutdown by 
pumping makeup water into the reactor vessel. 

Recirculation Flow Control - Provides regulation of the reactor forced 
cooling flow, which can be used for power regulation. 

Residual-Heat-Removal System (RHRS) - A system of pumps, heat exchangers, 
valves, piping, and controls that function to remove residual heat from 
the reactor core, the suppression pool, or the containment atmosphere. 

River Flow - The average flow past the site. 

Rod-Block Monitor - This subsystem hinders control rod withdrawal errors 
to prevent fuel damage. Two RBM monitoring channels are provided. Out
put signals from selected groups of Low-Power-Range Monitoring (LPRM) sub
system amplifiers are averaged to control rod movement. Computer-system 
performs the averaging function. 

Secondary Containment - Reactor building which is designed to be for low 
leakage in order to function as containment for reactor refueling operations 
and as a backup containment during power operation or hot standby. 

Seismogr.aph - An instrument used for the measurement of vibration, of par
ticular interest in measuring ground motion and/or building motion due to 
an earthquake. 

Service Water System - System whic.h supplies process water for cooling 
purposes throughout the plant for other than the main condenser cooling. 

"Shutdown" - A condition of the reactor in which the core is subcritical 
and power is not being generated. 

Shutdown Boron, ppm - The grams of boric acid H3B0 3 per million grams of 
water required to achieve some desired subcritical reactivity level. Also 
may be given as grams of B per million grams of water. 

Shutdown Margin - Representative of the amount of reactivity which would 
have to be added to a subcritical reactor to achieve criticality. 

Site - Land area location for a power station. 

Standby Coolant System - A supply of cool:i~ng water that is available in 
case of emergency. A supply that is not normally used for the core cooling 
function. This supply is sometimes available by a cross-connection between 
two or more cooling systems. 
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. Standby Gas Treatment System - Special ventilation system for the reactor 
building. The system is used if radioactive materials are present in the 
reactor building. Air from the reactor building is removed, purified, and 
routed to the vent. 

Standby Liquid Control System - A redundant control system for shutting 
down the reactor in the unlikely event that the normal control system is 
inoperable. Liquid poison is pumped into the reactor to provide the nega
tive reactivity to assure subcriticality. 

Supprn Chamb - Suppression Chamber. 

Suppression Chamber - The part of the pressure suppression system which con
tains the suppression pool to condense steam upon LOCA to minimize pressure 
buildup in the primary containment system of a BWR. 

Suppression Chamber Cooling System - Cooling system for reducing suppres
sion pool temperatures and torus pressure following a loss of coolant ac
cident in a BWR. 

Temporary Control Curtain - Burnable poison sheets placed in a new core to 
compensate for the excess reactivity associated with the initial core.N All 
or any number of the curtains are removable, usually during refueling, when 
the reduction in reactivity in the core or region thereof makes the control 
provided by the curtains unnecessary. 

Thermal Output - Thermal heat energy output of the reactor. 

Total Flow Rate - Quantity of coolant flow through the reactor. 

Total Heat Output for Safety Design 
used in accident analysis. 

The value of heat output for the core 

Total Peaking Factor - The product of the individual peaking factors. This 
assumes eB:ch peaking factor is effective simultaneously and is therefore a 
maximum estimate. 

Total Rod Worth, Percent - 100 x the change in the multiplication constant 
from the most reactive configuration of the control rods to the least re
active configuration divided by keff· In some places it may be expressed 
in terms of that value of keff which the rods will hold just critical. 

Turbine Orientation - Whether.or not turbine centerline is perpendicular 
to a centerline through the reactor, or whether both have the same center
line. The interest is in the possibility of ejected turbine blades being 
missiles that could strike or penetrate containment. 

Unborated Water Control - Aspects of boron dilution control, i.e., reduc
tion of boron concentration in the coolant. See chemical shim. 
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Variable-Cycle Cooling - Both towers and once-through cooling are combined 
and used in a variable manner depending upon limitations on heat rejection 
to a river, lake, etc. 

Vessel Vendor - Supplier of the reactor vessel. 
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BROWNS FERRY, 

Project Name: Browns Ferry Nuclear Plant,. 
Units 1, 2, & 3 

Location: Limes tone Co. , Ala. 
Owner: TVA 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Hea,t Output for 
Safetv Design, MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Area, ft·2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft2 

Average Heat 
Btu/hr-f t 2 

Flux, 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surface Temo OF 

MCH:FR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/i 

Data from FSAR. 

TX-4377 
(8-'10) 

3293 

1098 

3440 

13. 38 x 

102.5 x 

1020 

66,098 

18.35 

424,400 

163,234 

41,30 

560 

>1.9 -

2.6 

50.732 

106 

106 

50-296 (J3WR) Page 1 

Reactor: Browns Ferry 
A-E: TVA 
V.essel Vendor: Babcock & Wilcox 
Docket No.: 50-296 (also 50-259, -260) 
Containment Constr.uctor:TVA 

B. NUCLEAR 

H20/U02 Volume 2.43 
Ratio 
Moderator Temp Coef -5.0 x 10-S 
Cold, 6k/k/°F 
Moderator Temp Coef -17.0 x 10-s 
Hot. No Voids 
Moderator Void Coef -1.0 x 10-3 
Hot, No Voids, flk/k/% 
Moderator Void Co et -1.6 x 10-3 
Operating 
Doppler Coefficient, -1. 3 x 10-s 
Cold 
Doppler Coefficient, -1. 2 x 10-5 
Hot, No Voids 
Doppler Coefficient, -1.3 x 10-S 
Operating 
Initial Enrichment, 2.19 
7. 
Average Discharge ex- 19,000 
posure, MWD/Ton 
Core Max Void 79 
Within Assembly, % 
k eff' All Rocis Tn ---

keff' Max Rod Out <0.99 

Control Rod Worth, One 
Rod, .Normal Sequence 

0.01 Ak 

Curt_ain -Worth_, ---
% 
Burnable Poisons, 372 Flat 
Tyoe and Form Boron - SST 
Number of Control 

185 Crucifur111 
Rods 
Number of Part-Length 

None Rods (PLR) 

Compiled by: Fred Heddleson 
Date: August 1971 
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Page . , 2 IlW p 

Reactor: Browns Ferry 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. "-CL 75 _Design Winds in- mph: 

Low Population Zone Dist., Mi. 7 
At 0 50 ft 100 -

Metro2olis Distance PoEulation 
Huntsville, Ala. 30 143,000( '69) 50 - 150 ft 120 

. Design Basis Earthquake 150 - 400 ft 140 
Acee!., g 0.20 

Ope.rating Basis Earthquake 
Tornado 300 mph tang 

Acee!., g 0.10 f:,p = ---psi/ ---sec 

Earthquake Vertical Shock, Is intent of 70 design criteria sa tis-
% of Horizontal --- fied? Yes, see Sect. A.l of Appendix. 

Peak Fuel Enthalpy on Rod DroE: 280 <;al/gm 

Recir.culation Pumping System & MCHFR: Recirculation rate effects the type of 
boiling and thus the NCHFR. Core heat-transfer surface area and coolant flow rate 
set to ensure that MCHFR is not less than 1.9 at rated conditions. 

ProtE;ctive ::>yster..: Initiates a rapid, automatic shutdown. This action is taken 
in time to prevent fuel cladding damage or other damage following abnormal tr an-
sients. This system overrides all operator actions and process cont.rols. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell De~ign 56 Prim Ctmt Leak 0.5 
·Press, psig Rate, %/day 
Supprn Chamb Design Second Ctmt Design 2 inches water 
Press·, psig 56 Press Table l. 7-4 
Cale Max Internal 

46.6 
Second Ctmt Le.ak 

100 
P-r~~s, psie Rate, %/day 

Type of Construction: Pressure supprcs~;ion type containment w:i.th ;i steel drywell 
shaped like a light bulb encircled by a steel torus. Drywell is enclosed in re-
inforced concrete. Drywell free volume is 159,000 ft3 and suppression chamber 
free volume is 119 ,000 ft 3 . 

Design Basis: Designed to withstand pressure and temperature resulting from LOCA 
·with some metal-water reaction without loss of integr:i,ty._ Leakage will be less 
than specified by lOCFRlOO off-site dose guide lines. 

Vacuum Relief CaEability: Designed for. 2 psig external pressure. Reliet devices 
let air flow from suppression chamber to the dr~_ell and from the reactor building 
to the suppression chamber. 

Post-Construction Testing: Leakage rate tests will be run at 47 psig and other 
pressures to establish leakage rate/pressure ratios. 

f'enetrations: Electrical penetrations are double sealed and individually testable. 
Some piping penetrations· are double sealed and some are not. 
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Paee 3 . BWR 

Reactor: Browns Ferry 

D2. EMERGENCY CORE COOLING SYSTEMS 

Core SEray Cooling System: Consists of 2 independent loops each having two 50% 
capacity pumps, one spray sparger above the core, piping, etc. Initiated by 
low water level in the reactor or. high pressure in the drywell. Each pump 
uelivl:!rs 3125 at 122 psig. 

Auto-DeEressurization System: Uses six pressure reli.ef valves to vent steam to 
the suppression pool to reduce coolant system pressure so LPCIS and core spray can 
operate. Functions when HPCIS cannot maintain reactor water level. 

Residual-Heat-Removal System (RHRS): Consists of four main pumps and 4 heat ex-
changers arranged in two loops plus eight service water pumps. There are three 
modes of operation which are: 1) shutdown cooling which can complete cooldown to 
125F in 20 hrs., 2) suppression pool cooling which pumps suppression pool water 
thru the hea.t exchangers for cooling. This part of the system cools containment 
by diverting part of the flow through spray headers in the drywell, and 3) Low 
Pressure Coolant Injection which.is discussed below. Pumps are rated 10,000 gpm 
each @ 20 psid and heat·exchangers 70 x 106 Btu/hr each. 

·~igh-Pressure Coolant-Injection System: Provides a means to inject water into· 
the coolant system in case of small leaks. One turbine-driven pump provides 5000 
gpm flow. Pump takes suction from the condensate storage tank and suppression 
pool. Initiated by low water in the reactor or by high pressure in containment. 

J.,ow-Pressure Coolant-Injection System: As an operating mode of Residual Heat Re-
moval System, LPCI uses the pump loops of the RHRS to inject cooling water at low 
pressure into an undamaged reactor recirculation loop. LPCI is ac-tua ted by condi-
tions . indicating a breach in the cool;mt system. Four pumps, each rated 10,000 
gpm @ 20 psid supply sufficient water to flood the core and prevent melting. 

E. OTHER SAFETY-RELATED PEATURES 

Standby Coolant System: RHR pumps at one reactor unit can pump from the suppres-
sion pool of another r1:?actor. Piping sized for 5000 gpm flow. Also, raw water 
can be supplied at rate of 3250 gpm @ 65 psig. 

Main-Steam-Line Flow Restrictors: A venturi type flow restrictor installed in 
each ::;team line close to :reactur vessel. They limit loss of coolant to 200% of 
rated flow from reactor vessel in case of steam line break outside primary con-
tainment and prevent uncovering of the core. 

Control-Rod Velocity Limiters: Attachment on each control rod to limit velocity 
at which a control rod can fall out of the core. The rate of reactivity insertion 
resulting from a rod drop accident is limited by this action. The limiters contain 
no moving parts, nor does it effect scram. Limits fallout velocity to 5 ft/sec. 

Control-Rod-Drive-Housing SuEEorts: Housing supports are located µnderneath reac-
tor vessel near the control rod housings. Supports limit travel of a control rod 
to about 2" if that control rod housing is ruptured. Supports prevent a.nuclear 
excursion as a result of a housing failure, thus protecting the fu1>.l barrier. 

Standby Liguid-Control System: Provides a redundant, independent, and different 
way from control rods to bring nuclear fission reaction to sub criticality and to 
maintain subcriticality as the reactor cools. Boric acid injected into the coola.nt 
system. 
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Pa2e 4 BWR 
Reactor: Browns Ferry 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 
' 

Containment Atmospheric Control System: Atmosphere inerting 
Primary containment is held at about 135 F during operation. 
purged before personnel entry. 

not mentioned. 
Atmosphere is 

Reactor Core Isolation Cooling System (RCICS): The reactor core isolation cooling 
system (RCICS) provides makeup water to the reactor vessel whenever the vessel is 
isolated. The RCICS uses a steam driven turbine-pump unit and operates automati
cally in time and with sufficient coolant f lQw to maintain adequate reactor ves
sel water level. System can deliver 616 gpm @ 1120 psid. 

Reactor Vessel Failure: 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Sectio.n 4. l.. J says, 1ne reactor vesse.L sna.L.L oe 
designed and fabricated to a high standard of 
quality to provide assurance of extremely low 
probability of failure." 

Can flood primary containment to a level above 
reactor core. 

Reactor-Coolant Leak-Detection Systems: Leaks are detected by: (a) increased 
pressure and .temperature in con~ainment; (b) monitoring flow in equipment drain 
sump and floor drain sump; and (c) monitoring cooling water temperature to and 
from drywell coolers. Total leakage rate limit is set at SO gpm with a limit of 
15 gpm for unidentified leakage. 

Failed-Fuel Detection Systems: Monitors for gross release of fission products 
from the fuel and, upon indication of such failure, initiates action.to limit fuel 
damage and contain the released fission products. Four gamma sensitive detectors 
mopitor the main steam lines. Detectors are located near the main steam lines in 
the space between the primary containment·and secondary containment wails. 

Emergency Power: Standby ac power supplied by four diesel-generator sets, each 
raced at 2850 kW for 2000 hours or 3050 kW for short-term loading. Three diesels 
can.supply power for one unit under DBA conditions plus necessary loads for safe 
shutdown of other. two units. The diesel generators start up and reach rated speed 
within ten seconds. 

Rod-Block Monitor: Designed to prevent fuel damage as a result of a single rod 
.withdrawal error. System has two RBM channels, each of which uses input signals 
from a· number of LPRM channels. A trip signal from either RBM channel can initiat1 
a rod block. 

Rod Worth Minimizer: The rod worth minimizer function of the computer prevents 
rod withdrawal under low power conditions if the rod to be withdrawn is not in 
accordance with a preplanned pattern. The effect of the rod block is to limit 
the reactivity worth of· the control rods by enforcing adherence to the preplanned 
rod pattern. 
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Page 5, BWR 

Reactor: Browns Ferry 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Weather data collection 
started February 1967 using a 300 ft high tower. Data are digitally recorded 
and placed on paper punch tape. · Seismographs not mentioned. 

Plant OEerating Mode: Load following accomplished by varying the recirculation 
flow to the reactor. 

Site Features: Located on the north shore of Wheeler Lake at river mile 294. 
Size of site is 840 acres with a site grade of 565' MSL. The site area is spars el) 
populated having 208 in a 2 mile radius and 3128 in 5 mile radius. The site and 
area are relatively· flat. Most land is used for agriculture. 

Turbine Orientation: Centerlines of Lurbines and centerlines ot respect.ive 
reactors coincide, so ejected turbine blades probably would not strike containment. 

Emergenc:t Plans: Emergency plans are written to cuver situations that may 
possibly lead to injury cf personnel or the public. In particular, there is a 
Radiological Emergency plan where the assistance of local and state agencies would 
be used. The shift engineer will initiate emergency measures when his judgement 
dictates such action. 

Environmental Monitoring Plans: The preoperational program will set a baseline 
on distribution of natural and manmade radioactivity in the plant site. With this 
baseline, it will then be possible to determine, when the plant becomes opera-
tional, what contribution, if any, the power plant is making to the environment. 
Sample collection and analysis was initiated in April 1968 and will continue in-
definitely. Air will be monitored for particulates, and f:or gross beta. Other 
sampling will include milk, vegetation, soil, drinking water, sediment, and marine 
biota·. 

Radwaste Treatment: The liquid waste system collects, treats, storP-s, and dis-
poses of all radioactive liquid wastes. Processed liquid wastes may be returned 
to t.li P. .-·rmrl?ns<itP. system or diochorgcd through tilt! ~lL~ulating water discharge 
canal. The gaseous waste system collects, processes and delivers to the main 
stack, gases from the main condenser air ejector, startup vacuum pump and gland 
seal condenser. A 30-min. holdup time allows N-16 and 0-19 to decay and then pass 
through high efficiency off-gas filters before stack release. Solid wastes are 
collected, dewatered, and shipped offsite. 
Stack Height: 600 ft reinforced concrete. 

Waste Heat S:tstem: All three units use a once thru system with a ·flow of 630 ,000 
gpm through condenser of each unit with a temperature rise of 25 F. An additional 
flow of 30,000 gpm for each units' auxiliaries is required. Heated water is dis-
charged through a specially designed diffuser pipe which extends across the river 
channel. Thi::; diffuser pipe provides good mixing. i:<.iver flow at the site averages 
42,400 cfs. 



6 

Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Browns Ferry lluclear Plant 

THERMAL 

OWTPUT, MWt_3_2_93 __ _ 

TYPE OF UUCU:AR 

STEAM SYSTEM BWi{ 

llI.:ARl3Y BOUY OF WATER Wheeler Lake at idver 

Mile 294 

SIZE OF SITE 840 ACRES -----
TOPOGRAPHY OF SITE Flat 

DOCKET NO. 50-296, 

50-259, 50-260 

NORMAL Ll.;VJ.;L 55b 1 
( MSL) 

MAX PROB FLOOD LEVEL 561' (MSL) 

SITE GRADE ELEVATION 565 1 (MSL) 

-------------------------------0 F SURROUNDillG ARI::A (5 MI RAD) __ F_l_a_t_t_o_K_o_l_l_i_n.-g ______________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 208 (1970) Ill 5 MI RAD 3128 (1970 ) ----
NEAREST CITY OF 50,000 POPULATION Huntsville, Alabama ------------------------

DISTANCE FROM SITE 30 MILES POPULATION 146 ,000 (1970 ) ----
LAND USE IN 5 MILE RADIUS Agricultural - 70% ----------------------------
CIRCULATING HATER SYSTEM TYPE OF SYSTEM_O_n_c_e_t_h_r_o_u ... g_h _________ _ 

WATER TAKEN FROM __ w_h_e_e_l_e_r_L_a_k_e __________ _ FOR Condenser Cooling 

WATER BODY TEMPERATURES - WINTER AVG 47 F SUMMER AVG 80 F AVG 64 F 

RIVER FLOW 42,400 (cfs) avg. QUANTITY OF MAKEUP WATER;, 30,000 (gpm) 

TOTAL FLOW THROUGH CONDENSERS 630,000 (gpm)/unit TEMPERATURE RISE 25 F 

HEAT REMOVAL CAPACITY OF CONDENSERS 7770 X 10
6 

(Btu/hr) "' Auxiliarie~ 
COOLING TOWERS None -------------------------------

OTHER INFORMATION Diffuser discharge system provides perforated metal pipes 

which extend across the river for efficient 

NUCLEAR. SAfETY I!JfORMATIOtl CENTER 



COOPER, 

Project Name: Cooper Nuclear Station 

Location:Nemaha Co., Nebraska 
Owner: Nebraska Public Power District 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thennal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design, MWt 
Steam Flow Rate, 
lb/hr 
Total Core. Flow 
-Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Trans.fer 
Area, ft 2 

Max Power per Fuel 
Rod Unit L.gc:h, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surface Temp OF 

MCHFR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/'t. 

Data from FSAR. 

TX-4J77 
(8-70) 

2381 

778 

2846 

9.81 x 

74.5 x 

1020 

47 ,494 

18 .. 'i 

427 ,82.0 

164,500 

4380 

558 

~1.9 

2.6 

51.2 

106 

106 

.. 
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50..:293 (BWR) Page 1 

Reactor: Cooper 
A-E: Burns & Roe 
Vessel Vendor: Not specified 
Docket No.: 50-298 
Containment Constructor: Hurns & Roe 

B . NUCLEAR 

. H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -J.5 x 10-5 
Cold, 6k/k/°F 
Moderator Temp Coef -11.6 x l.o- 5 
Hot No Voids 
Moderator Void Coef -8.7 x 10-4 
Hot, No Voids, 6k/k/% 
Moderator Void Coef -1.05 x 10-3 
Operating 
Doppler Coefficient, 

-1. 3 x 10-s 
Cold 
Doppler Coefficient, -1.2 x 10-S 
Hot, No Voids 
Doppler Coefficient, <.l. 3 )( 10-s 
Operating -
Initial Enl:").chment, 2.17 
% 
Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Void ---
Within Assembly, % 

keff' All Rods In ---

keff' Max Rod Out <0.99 

Control Rod Worth, ---
% 
Curtain Worth, ---
% 
Burnable Poisons, Gadolina-Urania 
Type and Fonn in 4 fuel rods 
N1.1111her. of r.ontro 1.. cruciform 
Rods 137 
Number of Part-Length No reference 
Rods (PLR) 

Compiled by: Fred Heddleson 
Date: July 1971 
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Reactor: Cooper 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. Could not find pesign Winds in mph: 

Low Population Zone Dist., Mi. II II II 

M 0 - 50 ft 100 

MetroEol:!:s Distance ·poEulation 

Lincoln, Neb. 60 146,000 ('69) 50 - 150 ft 120 

Design Basis Earthquake 
0.20 150 - 400 ft 140 

Accel., g 
Tornado 300 mph tang + 60 trans 

Operating .Basis Earthquake 
A~cel., g 0.10 !:>.P = 3 psi/ 3 sec 

Earthquake Vertical .Shock, Is intent of 70 design criteria 
% of Horizontal 50 Satisfied? Yes 
Peak Fuel Enthalpy on Rod DroE: 280 cal/gm 

Recirculation Pumping System & l'lCnrK: t·i.ow rate ettects the type ot boil.ing ana 
heat transfer and thus the MCHFR. Recirculation pumping rate changes as required. 

Protective Slstem: Initiates an automatic shutdown if monitored nuclear system 
variables exceed pre-established limits. 

D. ENGINEERED SAFETY FEATURES 

.Dl. CONTAINMENT (Ctmt) 

Drywell Design 56 Prim Ctmt Leak 0.5 
Press, psig Rate, %/day 
Supprn Chamb Design Second Ctmt Design 

·Press, psig 56 Press, psig 0.25 
Cale Max Internal Second Ctmt Le.al< 
Press, psig 46 Kate, 'i./da.y 100 

TlEe of Construction: A pressure suppression system consisting of a drywell, 
pressure suppression chamber, connecting vent system, isolation valves, vacuum 
relief system, and cooling systems. Drywell is a steel pressure vessel in the 
shape of a light bulb, and the pressure suppression chamber is torus-shaped. 

.Design. Ras{s: Designed to withstand the forces from a circumferential break of 
the recirculation piping and to provide hold-up for decay of radioactive material 
released. System also stores water to condense steam released from the break of 
the largest size steam line. 

Vacuum Relief CaEabilitl: Designed for 2 psig external pressure. Drywell and 
suppression pool can be vented separately. ·Vented gases go to atmosphere through 
the plant vent or through the gas treatment system if necessary. 

Post Construction Testing: Pneumatic pressure test at 1. 25 design pressure, with 
·1eakage rate test at 46 psig. 

f'enetrations: Most penetrations are double barrier type and individuall.y testabl.e. 
Only the type 2 process line penetrations are single sealed. 
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P 3 BWR a_pe 

Reactor: Cooper 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core SEral Cooling Slstem: Consists of two independent pump loops (4500 gpm each 
@ 113 psid) that deliver cooling water to spray spargers over the core. Actuated 
by indication of a breach in nuclear system, but water is delivered to the core 
only after vessel pressure is reduced. System cools the fuel by spraying water 
into the core. Either core spray is capable of preventing fuel clad melting 
followin£ LOCA. 

Auto-DeEressurization Slstem: Acts to rapidly reduce reactor vessel pressure if 
HPCIS fails to maintain reactor vessel water level. Relief valves open upon condi-
tions indicating both that a break in the nuclear system has occurred and that the 
HPCIS is not delivering sufficient cooling.water. 

Residual-Heat-Removal Slstem (RHRS): Designed for 4 modes of operation. .:>uutaown 
Cooling is an integtal part of RHRS being used during normal s'hutdown and cooldown. 
Reactor water temperatures can be reduced to 125F in about 20 hours. Containmerit 
Cooling provides containment spray for reducing pressure aft~r LOCA. Water is 
pumped through RHRS heat exchangers to spray headers in the drywell and above the 
suppressing pool. Also, containment cooling function pumps water from the supi;ires-
sion pool through the heat exchangers for cooling. Low Pressure Coolant Injection 
Mod.e is described below, and the Reactor Core Isolating Cooling System is described 
on the next page. The RHRS has 4 pumps and 2 heat exchangers. 

~igh-Pressure Coolant-Injection Slstem: Provides and maintains an adequate cool-
ant inventory to prevent fuel clad melting as a result of small breaks. The HPCIS 
has one turbine-pump powered by reactor ste'am rated 4250 gpm @ 1120 psid. Pump 
takes suction from condensate storage tank anrl suppression pool. 

( 

Low-Pressure Coolant-Injection System: An operating mode of (RHRS) with four 1/3 
capacity pumps rated 7700 gpm each @ 20 psid. LPCI is actuated by indication of 
break in the coolant system. LPCI operation, together with the core shroud and jet 
pump arrangement, provides for core reflooding following LOCA' in time to prevent 
fuel clad melting. Pumps take suction from suppression pool.· 

E. OTHER SAFETY-RELATED FEATURES 

Standbl Coolant S}'.stem: The Residual Heat Removal System has a cross connection· 
to the Raw Water System for an almost unlimited supply of cooling water. 

Main-Steam-Line Flow Restrictors: Venturi type flow restrictors installed in each 
steam ·line clui;e to the reactor vessel that limit loss of coolant from reactor_ ves-
sel before the main steam line isolation valves are closed, in 'case of a main steam 
line break outside primary containment. 

Control-Rod Velocit}'. T~imiters: Limits velocity at which a control rod can fall 
out of the core should it become detached from its control rod drive. Also limits 
rate of reactivity insertion. 

Control-Rod·Urivc-llousing 6ueEorts: Localed underneath reactor vessel near con-
trol rod housing. Supports limit travel of a control rod if that control rod hous-
ing is ruptured. Supports prevent a nuclear excursion as a result of a housing 
failure. 

Standb:zi: Liguid-Control System: Provides a method independent of control rods to 
bring nuclear fission reaction to subcriticality and to maintain as reactor cools. 
Provides an orderly and safe shutdown if not enough control rods can be inserted CC> 
accomplish shutdown in the normal manner. Sized for shutdown from full power to 
cold condition. 
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p 4 aQe . BWR 
Reactor: Cooper 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment AtmosEheric Control Sl'.stem: Designed for nitrogen inerting if 
necessary. Appl:icant plans to operate with air atmosphere, but will have the 
capability to inert. 

Reactor Core Isolation Cooling S;tstem (RCICS): Provides makeup water to reactor 
vessel following isolation in order to prevent the release of radioactive ma-
terials to the environs because of inadequate core cooling. The RCICS consists 
of 1 steam driven turbine-pump unit (400 gpm @ 1500 psig), valves and piping to 
deliver makeup water. Steam supply comes· from the reactor vessel. Turbine ex-
haust dumps to the suppression pool. Pump takes suction from the emergency con-
densate storage tank with backup from the suppression pool. The pump discharges 
into the feedwater line .. 

Reactor Vessel Failure: Section 2.6 says ... vessel designed, built, and operacea 
Missile & Reactor Forces - within its design limits has an extremely low 

probability of failure due to any known mechanism."· 

Core Cooling CaEabilitl'. -
' 

Containment Floodabili tl'. - Primary containment can be flooded. 

Reactor-Coolant Leak-Detection S;tstems: Leakage limit from unidentified sources 
if 15 gpm; from both unidentified and identified, it is 59 gpm. Leakage is 
measured and indicated by the ·integrated sump flow, drywell pressure and tempera-
ture, drywell humidity, and the drywell air cooler temperatures. 

Failed-Fuel Detection.Sl'.stems: Consists of gamma radiation monitors located 
external to the main steam lines just outside of primary containment. The moni-
tors are designed to detect a gross release of fission products from the fuel. 
Upon detection of high radiation, the trip signals generated by the monitors are 
used to initiate a reactor scram and isolation of radioactive material ·released 
from tht! fut!l. 

Emergenc;t Power: Provides two independent 4160 volt diesel generators as on-site 
sources of ac power to safely shutdown the reactor, maintain the safe shutdown 
condition; and operate all auxiliaries necessary for station safety. Each diesel-
generator unit is rated for 4000 kW continuous operation. Units start automati-
cally and will accept load in 10 sec and supply rated load in 30 sec. Each unit 
has a day tank with 9 hrs fuel supply. The main storage tank has fuel for 1-unit 
operation for 5 days. 

Rod-Block Monitor: Has two RBM channels each of which uses input signals from a 
number of LPRM channels. A trip signal from efther RBM channel initiates a rod 
block. One RBM channel may be bypassed without loss of subsystem function. The 
minimum number of LPRM inputs required for each RBM channel to prevent an instru-
ment inoperative alarm is 4 when using 8 LPRM assemblies, 3 when using 6 LPRM 
assemblies, crnd 2 when using 4 LPRM assemblies. 
Rod Worth Minimizer: The rod worth minimizer function of the computer prevents 
rod withdz:awal· under low power if the rod to be withdrawn is not in accordance 
with a preplanned pattern. The effect of the rod block is to limit the reactivity 
worth of the control rods by enforcing adherence to the preplanned rod. pattern. 
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Reactor: Cooper 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: A 325-ft tower is us~d for 
environmental and meteorological data gathering. Tower was completed in 1969. 
Found no reference to station seismographs. 

Plant 0Eerating Mode: Load followfog 

Site Features: Located on 1090 acres on the west side or the Missouri. River in 
Nebraska. The land is flat and sparsely populate~. In a 2-mile radius there are 
41 inhabitants, and in a 5-mile radius, there a,re 1050. Land use is agricultural. 
Within 3 miles of the plant, there are 2 small towns, Brownsville (243) and 
Nemaha (232). 

Turbine Orientation: Ejected turbine blades could strike containment structure. 
Centerlines are about 185 ft apart. 

Emergency Plans: Provides procedures and organization of plant and off-site per-
sonnel to limit any emergency. The plan cl es c:ribes authority and responsibilities of 
~ersonnel and equipment. The Emergency Director is responsible for coordinating Dis 
trict, local, state and federal agencies. Station emergencies are classified radio-
logical or non-radiological. In non-radiological, actions will limit and/or prevent 
the effects; and in radiological, action planned to hold effects to a minimum. 

Environmental Monitoring Plans:· A study of preoperational environmental radia-
ti on levels was initiated in late 1970, which includes ·sampling and laboratory 
radioactivity analyses of airborne par,ticulates, airborne iodine, fresh water marine 
life, marine sediments, milk, and crops. Background leve·ls are also being establi-
shed. Sampling is concentrated within a few miles of the station; however, selected 
sampling is also conducted at locations up to 10 miles from the station. Studies 
~ill be continued after station startup. Comparison of operational and pre-
opeiational data will permit detection of any increase in rad:j.atiori levels in the 
environment. 

Radwaste Treatment: Systems designed to control release of radioactive material to 
lOCFR20 .limits. Liquid waste system provides for collections, segregation, treat-
tment, storage and disposal. Processed liquid wastes of high purity may be returned 
to the condensate system or discharged through the circulating water canal. The 
liquid waste system is designed for 2 units, so it is overlarge. Solid wastes are 
collec.ted, dewatered, and prepared for storage in containers for off-site shipment. 
The gaseous radwaste system collects, processes; holds for decay, and releases to 

Stack Height - 325 I 
the atmosphere. 

Waste Heat System: Water is taken from the Missouri River for a once through 
system. Flow through the single unit's condenser is 631,000 gpm which is about 1/3 
average river flow. Temperature rise is 18F. Intake is at shore line, and discharge 
is thr.01.1eh ;i short r.;m;i 1 to the shore line abo\lt 1400 feet below the intake. 

-
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

R:LACTOR NAME Cooper Nuclear Station 

Till:; RM AL 

OUTPUT, MWt 2381 

"TYPE OF l/UCI£AR 

STEAM SYSTEl1 

. DOCKET NO. 50-298 

BWR 

. 1 

NCAlillY l.IUIJY or WATER Missouri River NORMAL LI:Vl:L. 880' (MSL) 

MAX PROB FLOOD LEV.CL 899' ( MSL) 

SIZE OF SITE 1090 ACRES SITE GRADE I:;LEVATIOll 903' (MSL) -----
TOPOGRAPHY OF SITE Flat 

-----------------------------------~ OF SURROUNDI!IG AREA (5 MI. RAD) Flat ------------------------
TOT AL PERMANENT POPULATION IN 2 MI RAD 41 (1970) IN 5 MI RAD 1050 (1970} 

NEAREST CITY OF 50,000 POPULATION Lincoln, Nebraska -----------------------DISTANCE FROM. SITE 60 MILES POPULATION 146 ,000 (1969 ) 

LAND USE IN 5 MILE RADIUS Agricultural 
---""""'--------------------~ 

CIRCULATING HATI:;R SYSTEM TYPE OF SYSTEM __ o_n_c_e_T_h_r_o_u_gh ________ _ 

WATER TAKEN FROM Missouri River FOR Condenser Cooling 

WATER BODY TEMPERATURES - WINTER AVG 34 F SUMMER AVG 73 F AVG - F 

RIVER FLOW 3000 (cfs) min. QUANTITY OF MAKEUP WATER (gpm) 

TOTAL FLOW THROUGH CONDENSERS 631,000 (gpm)' TEMPERATURE RISE 18 F 

HEAT REMOVAL CAPACITY OF CONDENSERS 5367.6 x 106(Btu/hr) 

COOLING TOWERS. .None ----------------------------------------------------
OTHER INFORMATION Intake and discharge are at shore line. 

NUCLEAR SAFETY INFORMATION CENTER 
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POINT BEACH, 51)-301 (PWR) Page 1 

Project Name: Point Beach Nuclear Plant Reactor: Point Beach 
Units 1 and 2 A-E: Bechtel 

Location: w. shore of Lake Michigan* Vessel Vendor: Babcock & Wilcox 
Owner: Wis. Elec. Pwr. & Wis-Mich. Power Docket No.: 50-301 (also 50-266) 
NSS Vendor: Westinghouse Containment Constructor: Bechtel 

*30 mi. SE of Green Bay 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal Output, 1518 H20/U, 4.20 
MWt Cold 
Electrical Output, 

524 
'Avg 1st-Cycle 15,100 

MWe Burnuo. MWD/MTU 
Total Heat Output fo.r 

1518 
First Core Avg 33,000 

Safety Design, MWt Burnup, MWD/MTU (Equil) 
Total Heat Output, 

5181 x 106 Maximum Burnup, ---Iltu/hr Ml-lD/MTU 
System Pressure, 

2250 
Region-1 

2.27 psia Enrichment, % 
UNtlK, 

2.11 
Region-2 

3.03 Nominal Enrichment, % 
Tota.L 1".lOW rate, 66.7 x 106 Region-3 

3.40 lb/hr ' Enrichment, % 
Ett F.Lowrate tor 63.7 x 106 keff, Cold, No 

1.211 Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 27.0 keff• Hot, Full Power. 

1.113 Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 15.0 Total Rod 

9.42 Fuel Rods, ft/f3eC Worth, % BOL 
Avg Mass Velocity 2.37 x 106 Shutdown Boron, No 1598 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 552.5 Shutdown Boron, No ·1676 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 60.0 

Boron Worth, Hot, 1/130 
Core, OF % Llk/k/ppm 
Norn Hot Channel 642.9 Boron Worth, Co.Ld, 1/98 
OutlP.t Temp, OF % Llk/k/ppm 
Avg Film Coe ff, 

5600 
Full Power Moderator <+o. 3 to -3. 5) 

Btu/hr ft 2 , OF Temp Coeff, L\k/k/°F x 10-4 

Avg Fi.l m Temp 
31.0 

Moderator Press (-0. 3 to 3.5) 
Diff, OF Coeff, Llk/k/psi x io-6 
Active Heat· Trans 

28, 715 
Moderator Void Coeff 

Surf Area, ft 2 Llk/k/g/cm2 -0.10 to -0.30 

Avg Heat Flux, 175,800 Doppler Coefficient, (-1 to -1.6) 
Btu/hr ft 2 L\k/k/°F x lo-s 
Max Heat Flux 491,000 Shutdown ~argin, Hot 

l Btu/hr ft 2 One Rod Stuck • % L\k/k 
Avg Thermal 5.7 Burnable Poisons, Borosilicate 
Output, kw/ft Type. and Form Glass 
Max Thermal 16.0 Number of Control 

528 Output, kw/ft Rods 33xl6 
Max Clatl Sur- 657 N11mhP.r of P<1rt-T.P.ngth 

64 face Temp, OF Rods (PLR) 4xl6 . 
No. Coolant 2 
Loops ·-

Compiled By: Fred Heddleson 
!Jata from FSAR Date: July 1971 
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p,,.,., ? PWR 

Reactor: Point rleach 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.74 Radius Design Winds in mph: 

Low Population Zone Dist..• Mi. 5.6 At 0 - 50 ft elev 108 

MetroEolis Distance P·oEulation 50 - 150 ft 130 
Green Bay, Wis. 27 85,000 (69) 
Design Basis Earthquake 150 - 400 ft 150 
Accel., g 0.12 

Operating Basis Earthquake Tornado 300 mph tang. + 60 trans. 
Accel., G 0.06 

Earthquake Vertical Shock, 6.P = 3 psi/ - sec 
% of Horizontal 67 

Is intent of 70 Design Criteria satisfied? Yes, each section of FSAR discusses 
manner in which design meets intent of criteria. 

o. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 60 Internal Press, psig 53 
Max Leak Rate at 
Design Press, %/day 0.4 

TlEe of Construction: A 3 1/2' thk right cylinder with a 9' thk flat base slab 
and a 3' thk shallow domed roof. A 1/4-in. thick welded steel liner is attached 
to the inside face of the concrete shell to insure a high degree of leaktightness. 
The base liner is installed on top of the structural slab and is covered with 
concrete. The cylindrical wall and dome are·prestressed and post-tensioned. The 
concret·e base slab is reinforced with high-strength reinforcing steel. The slab 
is supported on H piles driven to refusal in the underlying bed rock. 

Design Basis: Designed t~ withstand the internal pressure accompanying a LOCA 
and to be virtually leak tight providing adequate radiation shielding for both 
normal operation and accident conditions. Designed to withstand combined loadings 
of OBA and maximum potential seismic conditions. 

Vacuum Relief CaEabilitl: Designed for 2 psi differential vacuum oreaK:ers 
not required, and so, are not provided. 

Post-Construction Testing: Will be pressure tested at 69 psig. Leakage rate 
test will be performed at 60 psig for 24 hrs. 

Penetrations: Designed with double seals for individually testing. 

Weld Channels: Seams in floor liner under concrete fill and all wall and dome 
seams are pressurized using leak detection channels. Channels are divided into 
areas,, so leakage location can be identified •. 
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P 3 PW a Pe R 

Reactor: Point Beach 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEral Slstem: Designed .to spray 2400 gpm of borated water into 
containment when coincidence of 2 sets of 2 out of 3 (Hi Hi) containment pres-

sure signals occur in coincidence with a safety injection sigrial, or a manual 
signal. L.ither of 2 subsystems are capable of delivering 1/2 of this flow, or 

1200 gpm. Also, the system removes elemental iodine from containment atmosphere 
in event of a LOCA. 

Containment Cooling: The air recirculating cooling function, during normal 
operation, uses 3 of 4 air cooling units (2 fans/unit) distrib4ting filtered 

rincl r.oo 1 P.d air throughout containment, Each air handling unit transfer 
1.S7x106 litu/hr to the service water system during normal plant operation and 
50 .Oxl06 ti tu/hr for .DBA conditions when supplied with 1000 gpm cooling water at 
70°F inlet temperature. 

Containment Isolation Slstem: Isolation valves are provided as necessary for all 
fluid system lines penetrating containment to assure two barriers for redundancc 
against leakage of radioactive fluids to the environment in event of LOCA. These 
barriers are in the form of isolation valves. In addition to satisfying contriin-
ment isolation criteria, the valving is designed to facilitate normal operation 
and maintenance of the systems. 

Containment Air Filtration: A charcoa·l filter system draws contaminated air from 
containment, passes the air through roughing filter, HEP/\ and charcoal filters, 
and then returns the air to containment. Purge system has no charcoal filters. 

Penetration Room: No rooms 1 rihP.1.ed A.S such on drawings. . 

Oq~anic-Iodide Filter: No referencE! found. 

.!:!Y_drogen Recombiner: Post-accident purging provides a safe and reliable method 
for controlling potential hydrogen accumulation. 

D3. Si\F'ETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each containing 7500 gallons of borated water are 
pressurized by nitrogen to 700 psig. These tanks are connected to the coolont 
system by piping with 2 check valves in series for each tank. When pressure in 
the coolant system drops below 700 psig, the check valves "pen, and accumulator 
contents are injected into the reactor vessel. One tank will fill the reactor 
vessel to Cl level half-way upon the core, 

H:tgh-head Safetz In,;ection: Two high-head safety injection pumps take suction 
from the refueling water storage tank. When injection first starts, initiated 
by the Safety Injection Signal, concentrated boric acid from the boric acid tank 
is injected into the coolant system. Each pump is rated 700 gpm @ 1150 psig and 
can supply water lost by a break up to 4" size. Steam dump can be employed to 
reduce reactor pressure so low-head pumps can be run to pump more water into the 
reactor. 

Low-head Safetl Injection: This system and the Residual Heat Removal System are 
the same. Two pumps are provided, each rated 1560 gpm @ 120 psig. These pumps 
operat~ when coolant pressure has dropped to ·the 600 psig range, after accurnula-
tors have functioned. These pumps take suction from the refueling water storage 
tank, and if this supply is exhausted, recirculation phase starts with water 
pumped from the containment sump. Three heat exchangers arc provided - one for 
each loop and one on standby. Units are rated 24.1Sx1Q6 tltu/hr each. 
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Paoe 4 '• PWR 

Reactor: Point Beach 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabi li tx -

Reactor-Coolant Leak-Detection sxstems: Provided by equipment which continuous!) 
monitors containment air activity and humidity, and runoff from condensate collect 
ing pans under fan coil units. Criterion is detection of deviations from normal 
including air particulate activity, radio gas activity, humidity, condensate run-
off and for gross leakage, liquid inventory in containment sump. 

Failed-Fuel-Detection sxstems: No reference found. 

Emergenc'i Power: Two diesel-generator sets are provided as 2 independent systems 
separately housed,. The units are General Motors model 999-20, each rated 2850 kW 
continuous at 900 rpm. These units each have 2 air starting motors with comp res-
sed air tanks for 5 starts. Each unit has a 550 gal. day tank and a single stor-
age tank with 12,000 gal. supply. Another supply of fuel provides continuous 
operation of one engine for nearly 20 days. 

Con·trol of Axial Xenon Oscillations: 
Burnable Shims - Boron in the coolant. 

Part-Length Control Rods - Yes, provide to suppress xenon oscillations that 
might occur in the axial dimension. 

In-Core Instrumentation - Out-of-core instrumentation provided to obtain in-
formation on power distribution. In-core detectors are used for calibra-
tion. 

Unborated Water Control: Because of the procedures involved in the dilution pro-
cess, an erroneous dilution is considered unlikely. Nevertheless, if an uninten-
ti on al dilution of boron in the reactor coolant does occur, numerous alarms and 
indications are availah le to alert the operator to the condition. The maximum 
reactivity addition due to the dilution is slow enough to allow the operator to 
determine the cause of the addition and to take corrective action before excessive 
shutdown margin is lost. 

Long-Term Cooling - Internal or External Sxstems: Long term cooling is accom-
plished by the Decay Heat Removal System which recirculates water from the con-
tainment sump. Redundant piping and components insure that an operable system 
will be available. Heat exchangers in the system can cool the recirculated 
borated water. 



17 

Pa2e 5, PWR 

Reactor: Point B.each 
F. MISCELLANEOUS 

Winds12eed, Direction Recorders, and Seismo~ra12hs: Began measuremert of winds peed 
and direction in April 1967 using a 150' high tower. Data is recorded. 
Seismographs not mentioned. 

Plant 012erating Mode: Load following 

S_ite Features: Plant located on the west shore of Lake Michigan in the town of 
Two Creeks on a si tP. consisting nf 1260 acres. The land is flat to rolling and 
used mostly for agriculture (dairy farms and vegetable canning). Point Beach 
State Forest is just south of the site. In a 2-mi radius there will be 270 in-
habitants in 1975 and in 5-mi radius there will be 1439. Site grade is 597.5' 
MSL about 18 ft above normal lake level. 

Turbine Orientation: Ejected tudJlue blades could strike containment. Center-
lines are 216 ft apa.rt. 

Emergeu(;~ Plans: Plans will be written to cover all emergencies affecting person-
- > 

nel or public health and safety. These plans wil·l vary in scope depending on the 
seriousness of the accident and the extent of contamination or radioactivity re-
lease. Overall responsibility for safe operation of the plant and public health 
and safety lies with the General Supt.; and all communications with, or release of 
information to the 2eneral oublic will be made hv him, or his alternate. 
Environmental Monitqring Plans: A preoper..ational program was started in Nov. 1967. 

Monitored variables include air, water, shoreline silt, soil, vegetation, milk, 
and algae samples. The preoperational program will test equipment, sampling and 
analytical procedures, investigate suitability of sampling points, and provide a 
radiological background base line from which possible changes in levels following 
plant operations can be detected and evaluated. Monthly milk samples from a local 
dairy are processed by the Radiation Protection Section of the Wisc. Dept. of 
Health and So(;ial Services. Samples are being analyzed by an industrial labor a-
tory. 

Radwaste Treatment: Provides equipment to collect, process, and prepare for dis-
posal within limits of 10CFR20 all radioactive liquid, ·gaseous and solid wastes. 
Liquid wastes are evaporated and/or dimineralized. Treated water from deminerali-
zers or the evaporator will be monitored and discharged via condenser discharge. 
Evaporator concentrates and demineralizer resins are solidified, drummed and 
shipped off-site with other solid wastes for disposal. Gaseous wastes are held 
for decay and discharged through the plant vent. 

Stack Height - Runs up through roof of secondary containment ,... 'Vl75' high. 

Waste Heat S:tstem: Once through system taking water from Lake Michigan 1750' from 
shore in water 22 1 deep, and discharging through 2 flumes 150' from shore. When 
ambient lake temperature is 40F or higher, condenser circulating water flow will 
be 350,000 gpm/unit with 19.3F temp rise. When ambient lake temp is below 40F, 
flow will be 214,000 gpm/unit with a temp rise of 31. SF. 
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Page fi 

R£ACTOR NAME Point Beach Nuclear Plant 

Uni ts l & 2 

TllERMAL 

OUTPUT, MWt 1518 

TYPL: or NUCLI;AR 

STEAM SYSTEM PWR 

!JOCKLT NO. 50-266 ------
50-301 

NI;ARIJY BOUY or WATl:R LaJse Michigan 

SIZE or SITE 1260 ACRLS 

TOPOGRAPHY Or SITE Flat to Rolling 

IWHMAL LI::VL:L 

MAX PROll rLOOD LEVJ.:L 

580 1 (M::>L) 

590 1 (MSL) 

SITE GRA!JE L:LEVATIOll 597,5 1 (MSL) 

or SURROUNDING ARLA (5 MI RA!J) __ R_owl_l_i_n~&~-----------------~ 

TOTAL PERMANENT POPULATION IN 2 MI RAU 270 ~975 ) IN !.i MI !<AD 1439 ( 1975) 

NEAREST CITY or 50 ,OOO POPULATION Green !:lay• Wisconsin 

DISTANCE rROM SITl: 27 MILi.:S POPULATION 85,000 (1969) 

LAND USE IN 5 MILl: RADIUS Agricultural - dairy farming and vegetable canning 

CIRCULATING WATER SYSTJ::M TYPi.: or SYSTEM Once through _____ ..;;.. _________ ~ 
WATER TAKEN rROM Lake Michigan ------------------- !OR Condenser Cooling 

WAT.i.:R l:lO!JY TEMPERATURLS - wrnn;R AVG 38 F SUMMl:R AVr. 64 f AVG f 

RIVr;R.FLOW NA (cfs) avg '''QUAilTITY OF MAKi.:UP dATi.:R (gpm) 

,., TOTAL FLOW TllROUGH CONDWSi.:RS 350 ,OOO ( gpm) TJ.:MPERATURi.: "RIS.l: 19. 3F 

,., HEAT Ri.:MOVAL CAPACITY Of COll!JJ.:llSt:i~S (l:ltu/hr) ------ . p . See Below 
" er unit 

COOLING TOWERS None ------------------------------
OTHER INFORMATION L.ake temp above 40F use above figures. For lal<e temp below 

40F, flow will be 214 ,OOO gpm/unit with ri,se of 31. 5 F. 

NUCLEAR SAFETY INFORMATION CENTER 
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CRYSTP.L RIVE_Q, 50-302 (P' . .JR) Page 1 

Project Name: Crystal River 113 Nuclear Gen. Plant Reactor: Crystal River 
A-E: Gilbert Associates 

Location: Citr:us Co., Florida* Vessel Vendor: Babcock & Wilcox 
Owner: Florida Power Corp. Docket No.: 50-302 
NSS Vendor: Babcock & Wilcox Containment Constructor: Not. Specified. 
*On Gulf of Mexico, 70 mi N of Tampa. 

A. THER..'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2452 HzO/U, 2.85 
HWt Cold 
Elel:trical Output, 855 Avg ht-Cycle 12,850 
MWe Burnup MWD/MTU 
Total Heat Output fo.r 2544 First Core Avg ---
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8359 x 106 Maximum Burnup, 55,000 
Btu/hr MWD/MTU 
System Pressure, 2200 Region-! 1.93 
psi a Enrichment, % 
IJi~J:I K.' 2.21 Region-2 2.54 
Nominal Enrichment, % 
Total Flow rate, 131. 3 x 106 Region-J 2.83 
lb/hr Enrichment, % 
Eff Flowrate for 124. 2 x 106 keff• Cold, No 1.202 
Heat Trans lb/hr Power, Clean 

.. 

Eff Flow Area for 49 .19 keff• Hot, Full Power 1.093 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 15.73 Total Rod 10 .9 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity --- Shutdown Boron, No 1337 . 2 

Clean, Cold, lb/hr-ft.. Rods, ppm 
Nominal Core 555 Shutdown Boron, No 1442 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 50 .1 Boron Worth, Hot, 1/100 
Core, OF % 6k/k/ppm 
Norn Hot Channel 643.1 Boron Worth, Cold, 1/75 
Outlet Temp, OF % 6k/k/ppm 
Avg Film Coe ff, 5000 Full Power Moderator (-.11 to -3.56) 
Btu/hr ft 2

, OF Temp Coeff, 6k/k/°F x 10-4 

Avg Film Temp 31 Moderator Press (-5 to 3) 
Di.ff, OF Coeff, 6k/k/psi x 10-6 
Active Heat Trans 49 '734 Moderator Void Coeff ---
Surf Area, ft 2 6k/k/% Void 
Avg Heat Flux, 163,725 Dopp~er Coefficient, (-1.1 to -1. 7) 
Btu/hr ft 2 6k/k/°F x 10-5 
Max Heat Flux 510,300 Shutdown !1argin, Hot 

1 Btu/hr fL 2 One Rod Stuck % 6k/k 
Avg Thermal 5.4 Burnable Poisons, A1 2ur11 4c in z;ir 
Output, kw/ft Type and Form caloy 4 tube 
Max Thermal 16.83 Number of Control 976 
Output, kw/ft Rods 6lxl6 
Max Clad Sur- 65l1 Nilmber of Part-Length 8 assemblies. 
face Temp, OF Rods (PLR) 
No. Coolant 2 
Loops 

Compiled By: Fred Heddleson 
Data from FSAR Date: May 1971 
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P:ooe 2 PWR 
Reactor: Crystal River 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.83 rad. Design Winds in !!!Eh: 

Low Population Zone Dist.; Mi. 5.0 At 0 - 50 ft elev 110 

MetroEo.lis Distance PoEulation so - 150 ft 179 
Tampa, Fla. 75 mi. 308,000 1965 
Design Basis Earthquake 150 - 400 ft 
Acee!., g 0.10 

Operating Basis Earthquake Tornado 300 mph tang. 
Acee!., G 0.05 

Earthquake Vertical Shock, fip = 3 psi/ - sec 
% of Horizontal 67 

Is intent of 70 Design Criteria satisfied? Yes, Section 1.4 states plant was 
designed and constructed taking consideration of criteria, and the features that 
meet each criterion are dis.cussed .. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 55 Internal Press, psig 50.4 

Max Leak Rate at 
Design Press, %/day 0.25 

T~Ee of Construction: A cylindr.ical reinforced concrete structure bearing on a 
sound foundation. The foundation slab is reinforcecr with steel reinforcing. The 
cylindrical walls are prestressed with a post-.tensioning tendon system in the 
vertical and horizontal directions. The dome roof is prestressed utilizing a 
three-way post-tensioning tendon system. The inside surf ace of the structure has 
a carbon steel liner (3/8" thick) to ensure a high degree of leak-tightness for 
containment. 

--

· Design Basis: Designed to ensure that leakage of radioactivity will not exceed 
design value under LOCA conditions for double-ended rupture of max size pipe hreak; 
and for dead loads from tornado, earthquake, etc. 

Vacuum Relief CaEabilit~: uesignea ror l.'.> psig external pressure. rouna· no 
reference to vacuum breakers. 

Post-Construction Testing: I:' res sure test at bJ.J psig. Leakage-rate tests at 
design pressure and 1/2 design pressure. Leakage-rate tests will be run periodi-
cally thereafter. 

' 
Penetrations: All penetrations are double sealed and individually testable. 

Weld Channels: Test channels were instalJ.fd on inside of liner along seal welds 
that would be inaccessible after final construction. A plug connection for test-
ing is available on each channel segment. 
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a2e . P 3 PWR 

Reactor: Crystal River 
D2. CONTAINMENT SAFETY FEATURES 

Contairnuent SE ray System: The reactor building spray system is aesigned to turnisn 
building atmosphere cooling to limit post-accident building pressure to less than 
the design value and to reduce the building to nearly atmospheric pressure. In ad-

dition, alk;;ili.ne sodium thiosulfate in the spray is provi<lP.<l in more than adequate 
quantities, to remove the fission product iodine inventory from the containment at-

mosphere. Two pumps and complete independent system for each can each supply 1800 
gpm @ 200 psig taking suction from the borated-water storage tank. 

Containment Cooling: Designed to hold temp between 60F and llOF under normal 
operation and to remove heat under emergency conditions where max temp would be 
281F. Capacities .'.lre 4.3x1Q6 Btu/hr and 24.QxlOG Btu/hr respectively (cooling) and 
615,000 Btu/hr heating. Ventilation or exhaust rate is 50,000 cfm for 1.5 air 
changes/hr. 

Containment Isolation System: Leakage through all tluid penetrations not serving 
accident cnnSP.CJHP.ncP. limiting systems iS minimized by a double barrier so that no 
single credib.le failure or malfunction can result in loss of isolation or intoler-
able leakage. The installed double barriers take the form of closed piping sys-
terns with isolation valves both inside and outside the Reactor Building. 

Containment Air Filtration: Air exhausted is passed through roughing, HEPA 
filters, and charcoal filters before discharge through the plant vent. 

Penetration Room: There is a penetration area with fans, etc. 

Organic-Iodide Filter: None mentioned. 

.!:!YEE.~gen Recombiner: Building purge system will be used to control hydrogen con-
cent ration. A concentration of 3.5% Hz would be reached 9 weeks after LOCA. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each holding 7000 gallons of borated water, are 
maintained at 600 psig by nitrogen pressurizing. When system pressure drops below 
600, two check valves in series open and also discharge contents of the tanks into 
the reactor. Volume is sufficient to cover the core to the 3/4 point assuming 
that reactor vessel was empty. 

H:i.Bh-head Safety Tn; P..cti.on: System is initiated by low reactor-coolant system 
pressure, or high containment pressure. Borated water is injected by 2 pumps that 
serve also as chargj_ng pumps. One pump can deliver 500 gpm @ 600 psig. One pump 
has r.apaci ty to prevent fuel damage for smaller sized leaks. These pumps can be 
operated in series with the decay heat removal system, if desired. 

Low-hea~ .. Safety Injection: Two pumps will deliver 6000 gpm to reactor vessel at 
100 psig, taking suction from the borated water storage tank. These pumps are part 
of the decay heat removal system. This system and the accumulators are designed to 
flood the core and cover it with water to prevent fuel damage even for double-
ended rupture of the largest sized pipe. 
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Pa2e 4. PWR 

Reactor: Crystal River 

E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabi li ti -

Reacto;:-Coolant Leak-Detection Systems: Leakage indicated by changes in contain-

ment sump water levels, moniton.ng of makeup tank level, and changes in radio-

activity of containment atmosphere. 

Failed-Fuel-Detection Systems: Found no reference to this system. 

Emergency Power: Turbine-generator - a) designed to stay in operation, supplying 
power to auxiliary busses; b) four 230 kv transmission lines -- one from Curlew, 
one from Ulmerton, and two from Central Florida; c) either Unit.l or 2 at the 
Crystal River Plant; d) two quick-starting 3000 kw diesel-generator units.· Engi-
·neered safety features supplied from two separate busses, each of which can be 
supplied from any of the four sources of power, and each capable of independently 
supplying power for safe shutdown. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Chemical shim shall be used in conjunction with control rods 

to i::umµensa t:e for equilibrium xenon conditions. 

Part-Length Control Rods - Called Axial Power Shaping Rod Assembly. There are 
eight assemblies. 

In-Core Instrumentation - One per fuel assembly. 

Unborated Water Control: The highest rate of dilution can be handled by the auto-
matic control system, which inserts rods to maintain the power level and thu::; limit 
the reactor coolant system temp rise. If an interlock failure occurred while the 
reactor was under manual control, these reactivity additions would cause a high 
reactor coolant temperature trip or a high-pressure trip. In any event, the th er-
mal power will not exceed the design overpower condition, and the system pressure 
will not exceed code allowable limits. Therefore, moderator dilution accidents 
will not cause damage to the reactor coolant system. 

Long-Term Cooling - Internal or External Sistems: Decay heat removal system can 
reduce the coolant system below 280F during plant cooldown. During this operating 

.mode, coolant is drawn from the coolant system, circulated through the decay heat 
removal coolers by the decay heat removal pumps and then injected back into the 
coolant system. . Heat received by this system is rejected to the decay heat closed 
cycle cooling water system and from there to the decay heat sea water system. Com-

.ponents in these two systems are redundant for reliability purposes. Long-term 
core cooling accomplished by recirculation of borated water that has collected in 
rhP rnnr;i;nm<>nr c:nmn 



23 

Page 5, PWR 

Reactor: Crystal River 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Data has been collected since 
1968 with instruments on a 150' tower. Seismographs not mentioned. 

Plant OEerating Mode: Load following, 

S_i te Features: Located on 4738 acres of flat marshland along the Gulf of Mexico. 
Site gra<le i~ 18' - 6" MSL with very little threat of flooding. Population is very 
sparse (920 in 5 mi. radius in 2015). Surrounding area is mostly wooded and flat. 
US-19 runs N-S about· 4 1/2 miles east of plant. 

Turbine Orientation: Ejected turbine blades could strike the containment structure. 
Centerlines are about 160' apart. 

Emergencl Plans: Plans cover emergencies such as 'fire, bodily injury, radiation 
and contamination accidents, natural disasters, and a reactor accident. Plant is 
self-sufficient to cope with any emergency; but outside agencies such as the Florida 
Div. of Health, the Florida Highway Patrol, the Coast Guard, the local Civil Defense 
Unit, area hospitals and the AEC will be called upon as needed. 

Environmental Monitoring Plans: Divided into preoperational and operational phases. 
Preoperational measurements will be a baseline to which operational levels of radio-
activity in the environment can be compared. Measurement of activity in media con-
tacted by air and water can serve as the earliest means of detection of changes in 
levels. Therefore, evaluation of appropriate environmental media and transfer path-
ways through the environment will. take place in this program. Most samples will be 
screened by counting for gross beta and periodically for gross alpha activity. 
Gamma ray spectrum analysis will be the principal measurement technique utilized for 
all samples. The operational program will be modified as experience dictates. 

Radwaste Treatment: Designed to collect, store, and process wastes on the basis of 
1% failed fuel elements. The liquid and gaseous radwaste systems are designed to 
reduce activity so concentration in routine reieases is significantly less than the 
regulatory limits. These effluents are continuously monitored and the discharge is 
terminated if the concentration exceeds the monitor setpoint. Solid wastes are 
packaged in DOT approved containers for off-site shipment. 

Stack Height - Vent runs up side of containment structure. 

Waste Heat Slstem: Once-through system is used taking condenser cooling water from 
the Gulf of Mexico and discharging back into the Gulf. Flow through condenser is 
600,000 gpm with a temp rise of 18F. An additional quantity of 37,000 gpm is used 
for misc. cooling. Heat removal capacity of conden!'ier is 553ox106 Btu/hr. Two 
coal-fired plants are already on the site. Their total capacity is 900 MWe using 
635,000 gpm for condensers with llF temp rise. All 3 plants will use same intake 
land discharge ducts. 
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REACTOR NAME Crystal River Unit 3 

Nuclear Generating Plant 

Page 6 

THERMAL 

OUTPUT, MWt 2452 

TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET N0. __ 5_0_..:._3_0_2_ 

-----
NEARBY BODY OF WATER Gulf of Mexico 

SIZE or SITE 4738 ACRES 

------
NORMAL LEVEL 

MAX PROB FLOOD LEVEL 

0 (MSL) 

12' (MSL) 

SITE GRADE ELEVATION Hl' -6"(MSL) 

TOPOGRAPHY OF SITE __ F_1_a_t_m_a_n~g~r_o_v_e_s_w_a_m~p_s_a_n_d_M_ar_s~t-1l~a_n_d~------------

or SURROUNDING AREA (5 MI RAD) Flat 
------------------9~2~0~-~2~8~~~5-

TOTAL PERMANENT POPULATION IN 2 MI RAD O (1967) IN 5 MI RAD 77 (1967 ) ----
NEAREST CITY OF 50,000 POPULATION Gainesville, Florida 

________ .;._ __________________ _ 
DISTANCE FROM SITE 52 MILES POPULATION 55 ,000 (1969 ) 

LAND USE IN 5 MILE RADIUS ifooded-60%, and 20% Pasture land 

CIRCULATING HATER SYSTEM TYPE OF SYSTEM Once through 
~--------------~ WATER TAKEN FROM Gulf of Mexico FOR Condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F 

RIVER FLOW /lA (cfs·) avg. *'''QUANTITY OF MAKEUP WATER 37 ,ooo:: (gpm) 

'\"''TOTAL FLOW THROUGH CONDENSERS 600 ,OOO (gpm) TEMPERATURE RISE 18 F 

**HEAT REMOVAL CAPACITY or CONDENSERS 

COOLING TOWERS ti one 

(Btu/hr) :': i-lisc Cooling 
:'::': . Per Unit 

-----------------------....,....--------
OTHER INFORMATION Two coal-fired plant:; on this site. All uni ts use same intake 

and Intake is 16 ,000 ft long and discharge canal is · 13 1 000 ft. 

Nl)CLEAR SAFETY INFORMATION CENTER 
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ZION. STATION, ~0-304 (Ph'R) Page l 

Project Name: Zion Station, Units 1 & 2 Reactor: Zion 

Location: NE Illinois , 40 mi N of 
A-E: Sargent ~ Lundy 

ChicagoVessel Vendor: Babcock & Wilcox 
Owner: Commonweal th Ed.ison Co. Docket No.: 50-304 (also, 50-295) 
NSS Vendor: Westinghouse Containment Constructor: Not specified. 

A. THE&~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 
3250 H20/U, 4.09 

MWt Cold 
Electrical Output, 

1085 
Avg 1st-Cycle 14,040 

MWe Burnup 'MWD/MTU 
Total Heat Output for First Core Avg 21,800 
Safety Design, MWt 3391 Burnup, MWD/MTU (Equil) 
Total Heat Output, 

11,090 x 106 Maximum Burnup, 50,000 Btu/hr MWD/MTU Peak pellet 
System Pressure, 

2250 
Region-! 2.25 psia Enrichment, % 

lJNtlK, 
2.02 

Region-2 2. 80 Nominal Enrichment, % 
Total Flow rate, 

135.9 x 106 · Region-J 
3.30 lb/hr Enrichment, % 

Eff Flowrate for 106 keff·, C:old, No 1.183 Heat Trans lb/hr 128. 9 x Power, Clean 
Eff Flow Area for 

51.4 kef£°• Hot, Full Power 1.092 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 

15.3 
Total Rod 9.53 

Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.52 x 106 Shutdown Boron, No 1265 
lb/hr:...ft 2 Rods, Clean, _Cold, ppm 
Nominal Core 

530.2 Shutdown Boron, No 1408 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 66.8 Boron Worth, Hot, 1/85 
Core, OF % 6k/k/ppm 
Norn Hot Channel 631. 7 Boron Worth, Cold, 1/70 
Ont.let Te.mp, OF % 6k/k/ppm 

. 
Avg Film Coeff, 

5800 Full Power Moderator (-0. 3 to -3.2) 
Btu/hr ft 2, °F Temp Coeff, 6k/k/°F x rn-1.+ 
Avg Fi. l m Temp 

35.6 Moderator Press (+O. 3 to 4.0) 
Diff, OF Coeff, ik/k/os-i x 10-6 
Active ttea~ 1rans 

52,200 
Moderaror ·void Coeff 

-0.l x 10-s 
Surf Area, ft 2 6k/k/g/cm2 
Avg Heat Flux, 

207,900 
Doppler Coefficient, 

-1. 7 x 10-S 
Btu/hr ft 2 6k/k/°F 
Max Heat Flux 

579,600 
Shutdown !'1argin, Hot 

'1.6 design min. Btu/hr ft 2 One Rod Stuck % 6k/k 
Avg Thermal 

6.7 
·_Burnable Poisons, Borosilicate 

Output, kw/ft Type and Form ·Glass in SST 
Max Tlieunal 

18.8 
Nurnl1e:r of Cot1trol 

.Output, kw/ft Rods 53x20 1060 

Max Clad Sur-
657 

Number of Part-Len~th· 
160 face Temp, OF Rods (PLR) 8x2Q 

No. Coolant 
4 Loops 

-

Compiled By: Fred Heddleson 
Data from FSAR. Date: June l97J 
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Pao<> 2. PWR 
Reactor: Zion 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.2S rad. Design Winds in mph: 

Low Population Zone Dist. , Mi. At· 0 - so ft elev 100 

MetroEolis Distance · PoEulation so· - lSO ft 120 
Kenosha, Wis. 8 mi. 78,063 ('70) 
De15ign Basis Earthquake· lSO - 400 ft 140 
Acee!., g ---
Operating Basis Earthquake Tornado 300 mph tang + 60 trans. 
Acee!., G 0.08 

Earthquake Vertical Shock,' 
f),p = 3 psi/ -sec 

.% of Horizontal 62.S 

Is intent of 70 Design Criteria satisfieq? Yes, ·Appendix A states II ... plant. will 
be designed, cons·tructed, . and operated ·so as to comply with the applicant's 4nder-
standing of the· intent• ... II 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 47 Internal Press, psig 42 
Max Leak Rate at 
Design Press, %/day 0.1 

Tl'.Ee of Construction·: A 3 1 -6 11 thick concrete cylinder w·ith a shallow domed roof 
(2 1 -811

) and a flat foundation slab. The cylindrical portion is prestressed by a 
post-tensioning system consisting of horizontal and vertical tendons. The dome 
has a three-way post-tensioning system. The foundation slab is conventionally re-
inforced with high-strength r~inforcing steel. ·The entire structure is lined with 
one-quarter inch welded steel plate.to provide vapor tightness. 

.. 

Desisn Basis: The two basic criteria are: 1) :The integrity of the liner plate is 
guaranteed under all loading conditions. 2) The ~tructure has a low-strain elastic 
response such that its behavior ·may be complet;ely predictable under the required 
loadings. (Section S.1.2.4) 

Vacuum Relief CaEabilitl'.: No reference found. 

Post-Construction Testing: Tested at S4 psig for 1 hr, pressured in increments to 
3S, 40, 47, and so psig. Leakage rate test will be· run at 47 psig. 

Penetrations: Double sealed with containment welds backed by steel channels. These 
are. continuously pressurized. No periodic testing is required. 

Weld Channels: A.l.l liner plate welds are covered with test channels. 
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ae:e '. P 3 PWR 

Reactor: Zion 
D2. CONTAINMENT SAFETY FEATURES 

Containm·ent SEral Slstem: Designed. to spray borated water with NaOH into the 
containment atmosphere to reduce containment pressure and remove iodine from the 
containment. The system will limit off-site and site boundary dose~. to within 
lOC'Fl<.100 limits with a single active failure at any time. 

.. 

Containment Cooling: t·an coolers.jesigned to filter, cool and. dehumidify contain-
ment during both normal and abnormal condi.tions. During normal operation 4 of 5 
cooler-filter units dissipate 12xl06 Btu/hr. During post-accident conditions, 3 
of the 5 units will remove a heat load of 243x106 Btu/hr. Under post-accident 
conditions moisture· eliminators remove not less than 95% of the free water parti-
cl es 10 micron and larger. 
Containment Isolation System: Incorporates valves and controls on piping systems 

penetrating .the containment structure. Valves are arranged to provide two bar-
riers between the reactor coolant system or containment atmosphere and the environ 
ment. Manual operation is required for illll'!ediate 'isolation. Automatic isolation 
is initiated by a containment isolation signal. 

Containment Air Filtration: Exhaust air is passed through HEPA filters and dis-
charged to 2 vents which run up the sides of the containment ·.structures. If air 
is contaminated, it can be routed through char.coal filters which are normally by-
passed. 

.. Penetration Room: Penetration rooms are available for cables and piping. 

Organic-Iodide Filter: No reference found. 

.!il.<:!!.2.8.~-1.:! .... !.l.~~lll.bin~: ·When hydrogen concentration reaches 3% the purge system will 
be run 1 hr per day to control further increase in concentration. It will take 
120 days after LOCA to reach 4%. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four accumulators each containing 6400 gallons of borated 
water inject their contents into each of 4 cold legs of the reactor vessel. Ac-
cumulator pressure is held at 650 psig by nitrogen gas under pressure. Accumula-
tors function when the coolant system pressure drops belm.; 650 psig. 

High-head Safetl Injection: Two pumps each rat~d 400 gpm @ 1100 psig deliver 
.borated water to cold legs of reactor from the refueling water storage tank. 
When operation first starts, the.pump sweeps the contents of the concentrated 
boric acid tank into the cold legs. System operates for small breaks to prevent 
fu'el damage. 

.Low-head Safetl Injection: Two low head residual heat removal pumps take suction 
from the refueling water storage tank and deliver borated water to the same four 
hot :J.egs used by the high head safety injection pumps. The low head residual 
heat removal pumps eac.:11 uellver 3000 gpm only when the reactor coolant system is 
·depressurized to below about 170 psig. 
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Pa2e 4 PWR 

Reactor: Zion 
E. OTHER SAFETY-RELATED· FEATURES 

• Reactor Vessel Failure: 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Discussed in Sect. 1.5.6 as a possibility, describ
ing how the Post LOCA Protection System (PLOCAP) 
can flood the containment cavity for core flooding. 
Almost 1,000,000 gallons of water, total, is avail
able for core cooling 

Reactor-Coolant Leak-Detection Systems: Provided by equipment which monitors tnn
tainment air activity.and humidity. The basic design creterion is detection of· 
deviations from ~orma·l containment environmental conditions including air 
particulate activity, ra~iogas activity, humidity and in addition, gross leakage, 
the liquid inventory in the process systems and containment sump. 

Failed-Fuel-Detection Systems: Instruments for prompt detection of delayed 
neutrons in the co9lant are being tested in the Ginna reactor. Failed fuel de
tection is currently performed by periodic analyses· of coolant samples for 
activity. 

Emergency Power: Five diesel-generator sets supply power to emergency electrical 
busses. Two generators serve one unit, and two generators serve the other unit. 
The fifth diesel-generator cari ~erve either unit. Diesel-generator sets are rated 
at 5000 kVA each. They are started with compressed air and will accept load in 10 
sec and carry rated· load in 30 s·econds. Each unit has a day tank and a storage 
tank with 50,000 gallon of fuel - sufficient fuel for 7 days operation at rated 
~~- . 
Control of Axial Xenon Oscillations: 

Burnable Shims - Boron in the coolant 

Part-Length Control Rods - Yes, 8 assemblies for control of axial power 
distribution 

In-Core Instrumentation - Out-of-core detectors (long Ion chambers) will be 
used for monitoring both axial and radial powe~ distribution. In-core detectors 
will not be installed.· 
Unborated Water Control: Because of procedures involved in the dilution process, 
an erroneous dil"ution is con.sid~red"unlikely. Nevertheless, if it does occur, 
numerous alarms and indications alert, the operator to the condition. The maximum 
reactivity addition due to the dilution is slow enough the .allow the oyerator to 
determine the cause and take corrective action before excessive shutdown margin 
is lost. These corrective actions are detailed in operating instructions and are 
familiar to the plant operator. It is incredible for the ~perator to ignore all 
the alarms. ·· 

Long-Term Cooling - Internal or External Systems: Accomplished by the decay heat 
removal system pump, heat exchangers, piping, etc. operating in the recirculation 
mode. Borated water is.,pumped from the containment sur.ip .:ind cooled in the .heat 
exchangers. 
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Pa2e 5, PWR 

Reactor: Zien 
F. MISCELLANEOUS 

Wii;i.dspeed, Direction Recorders, and Seismographs: Collection of meteorological 
data started January J.~/U. 

Seismographs not mentioned. 

Plant OEerating Mode: Load following 

~ite Features: Plant is located on 250 acres along the western shore of Lake Michi-
gan near the Illinois~Wisconsin boundary. The site is adjacent to or in the city 
of Zion. Population is heavy - 25,665 population estimated for a 2 mile radius 
in 1985 and 106,615 in a 5 mile radius. The site and surrounding areas are flat. 
Some areas near the lake are marshy. Site grade is 591' MSL, about 10 feet above 
normal lake level. Surrounding land is used for residential, industrial, 
agricultural, and recreational. 

Turbine Orientation: Ejected turbine blades could strike containment. Center-
lines are 225 ft apart 

Emergency Plans: Emergency and evacuation procedures have been developed which im-
plement Commonwealth Edisons Generating Stations Emergency Plan. These procedures 
assure continuing coordination with local, State,· and Federal agencies. Partici-
pa ting groups are familiarized with their part in any emergency or evacuation. 
Periodic reviews are held to assure their familiarity and to maintain a current 
personnel list. Periodic drills are held at the Station. 

Environmental Monitoring Plans: A program was started in March 1970 to collect sam-
ples for evaluation of pre-operational conditions. The pre-operation.al program 
will establish sampling stations and frequency requirements. The operational pro-
gram will be designed from experience gained before operation·. Samples collected 
include sediment, bottom organisms, fish, milk, soil, vegetation, and rainfall. 

Radwaste Treatment: Provides equipment to collect, process, and prepare for dis-
.pooal with.in limiti of lOCFR.?0 all raclioac.tive liquid, gaseous and solid wastes. 
Liquid wastes are evaporated and/or demineralized. Treated water from deminer-
alizers or the evaporator may be recycled in the plant or may be discharged via 
condenser discharge. Evaporator concentrates and demineralizer resins are 

solidi heel, drummed and shipped off-site with.other solid wastes for disposal. 
Gaseous wastes are held for decay and discharged through the plant vent. 

Stack Height - On side of containment - 8' dia., top at 772 I p11 
t 180' above grade 

Waste Heat S}:'.stem: A once-through system pumps water from Lake Michigan (intake 

2600 ft from shore) and returns the water through multi-port diffusers 760 ft 

from shore. A quantity of 735,000 gpm oer unit is pumped through condensers 
where temperature rise is 20F. Since lake water temperature rarely reaches 

65F, temperature of water returned to the lake will never exceed 85F. 

. ., ... ,,...-.... . .. 
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G. CIRCULATING WATER SYSTEM 
& SITE .FEATURES 

REACTOR NAME Ziun Station 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 50-295 ------
'.>0-304 ------OUTPUT, MWt 3250 

NI:ARBY BOL>Y OF WATER Lake Michigan NORMAL LEVI.:L 582' ( MSL) ----
MAX PROB FLOOD LEVEL ~J !J l ,, (MSL) ----

SIZE or SITE 250 ACRES SITE GRADE ELEVATIOll S'Jl I (MSL) ------
TOPOGRAPHY or SITE __ r_1_a_t ____________________________________________ ~ 

OF SURROUNDING AREA (5 MI RAD) Flat ---------------------------------
RAD 

lB, 380 .1965 
.TOTAL PERMANENT POPULATION IN 2 MI 25,665 U9B5 

56 100. l'J65 
IN 5 MI RAD 106 :uDJ.'JB5 ) 

NEAREST CITY OF 50,000 POPULATION __ w_a_u_k_eg~a_n_._,_I_l_l_. __________________________ __ 

DISTANCE FROM SITE 6 MILES POPULATION 611 ,65'.i QCJ70 ) 

I.AND USE IN 5 MILE RADIUS 
Residential, Industrial, Agricultural, and 

Recreational ------------------------------~ 

'CIRCULATING WATER SYSTEM TYPE OF SYSTEM~O_n_c_e __ t_h_r_o_u~g~h ______________ ~ 

WATER TAKEN FROM 1ake Michigan 
-------~-------------------~ 

FOR Condenser Coolinv 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG 65 F AVG - F ----- -----
RIVER FLOW NA (cfs) avg. "QUANTITY OF MAKEUP WATER (gpm) ---------

:':TOTAL FLOW THROUGH CONDENSERS 735 ,OOO (gpm) /unit TEMPERATURE RISE~F 

:':HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) :': per unit ---------COOLING TOWERS_...N_o_n_e ____________________________________________________ _ 

,... 

~ 
r I 

- _._1. I 

NUCLEAR SAFETY INFORMATION CENTER 
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KEPAUNEE, 50-305 (PWR) Page 1 

_Project Name: Kewaunee Nuclear Power Plant Reactor: Kewaunee 

A-E: Pioneer Service & Engg. 
Location: Kewaunee Co. , Mich. Vessel Vendor: Babcock & Wilcox 
Owner: Wisconsin Public Service Corp. Docket No.: 50-305 
NSS Vendor: Westinghouse Containment Constructor:Chicago Bridge & 

Iron 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal Output, 1650 H20/U, 3.85 HWt Cold 
Electrical ·output, 560 Avg lst--Cycle 15,200 
MWe Burnup MWD/MTU 
Total Heat Output for 1721 First Core Avg E uilib 33,000 
Safety Design, MWt Burnup, MWD/MTIJ q 
Total Heat Output, 5631 x loG Maximum Burnup., 50,000 
Btu/hr MWD/MTU 
System Pressure, 2250 Region-1 2.27 
psia Enrichment, % 
UNtiK. 2.20 Region-2 3.03 
Nominal. Enrichment, % 
Total. Fl.ow rate, 68. 2 x 106 Region-J 3.40 
lb/hr Enrichment, % 
Eff F l.owra te tor 65.2 x 106 keff, Cold, No 1.237 
Heat Trans lb/hr Power, ·clean 
Eff Flow Area for 27 keff • Hot, Full Power 1.131 
Heat Trans, ft 2 Xe and Sm 
Avg_ Vel Along 14.8 Total Rod 7.51 Fuel Rods, ft/sec Worth, % (T 3.2-3) 
Avg Mass Velocity 2. 42 x· 106 Shutdown Boron, No 1671 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 535.5 Shutdown Boron, No 1615 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 66.4 Boron Worth, Hot, 1/125 
Core, OF % llk/k/ppm 
Norn Hot Channel 635.1 Boron Worth, Cold, 1/95 Outlet Temp, OF % llk/k/ppm 
Avg Film Coeff, 5700 Full Power Moderator (+0.3 to -3.5) 
Btu/hr ft 

2
' OF Temp Coeff, {\k/k/°F x 10-4 

Avg Film Temp 33.5 Moderator Press (-0. 3 to +3.5) 
Diff, OF Coeff, llk/k/psi x 10-6 
Active Heat Trans 28,714 Moderator Void Coeff -0.10 to +0.30 
Surf Area, ft 2 llk/k/g/cm2 
Avg Heat Flux, 191,000 Doppler Coefficient, (-1.0 to -1.6) 
Btu/hr ft 2 l\k/k/°F x lo-s 
Max Heat Flux '.)34 ,800 Shutdown Margin, Hot 
Btu/hr fl;2 One Roel Stuck % f\k/k 

---
Avg Thermal 6.18 Burnable Poisons, Borosilicate 
Output, kw/ft Type and Form glass tubes in SS 
Max Thermal 17.3 Number of Control 

528 Output, kw/ft Rods 33xl6 
Max CJ <irl Sur- 657 :"lwnber of Part-Length 

6L. face Temp, OF Rods (PLR) 4xl6 
No. Coolant 2 
Loops 

Compiled By: Fred Heddleson 
Data from FSAR. Date: April 1971 
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Pao<> 2 PWR 
Reactor: Kewaunee 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, ML- Could not find. Design Winds in mph: 

Low Population Zone Dist., Mi. --- At 0 
.' - so ft elev 100 

Metropolis Distance Population so - lSO ft 120 
Gr<>en Bav- Wis. 27 mi. 8S.OOO 1969 
Design _Basis ·Earthquake lSO - 400 ft 140 Accel., g 0.12 

Operating Basis Earthquake 
0.06 Tornado 300 mph tang + 60 trans. Accel., G· 

Earthquake Vertical Shock, 
67 f::,p = 3 psi/ sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes, Section 1.8 states ·"plant was 
_designed, constructed, and will be operated to comply with intent of cr:teria 
as understood by applicant. II 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design_ Press, 46 
Calculated Max 

42.2 psig Internal Press, psig 
Max Leak Rate at * Tested after construction and leakage Design Press, %/day* o.s 

was 0.02 at 46 DSil!, 
T:z'.pe of Construction: Reactor containment vessel is a cylindrical steel pressure 
vessel with hemispherical dome and ellipsoidal bottom fabricated from steel plate 
about 1 1/2" thick. This vessel is enclosed by a reinforced concrete shield build-
ing having vertical cylindrical wa_lls with a shallow-dome roof. There is an annula 
space of s ft between the two structures. 

Design Basis: Designed to maintain containment integrity if a double-ended pipe 
rupture should occur in the largest sized primary system pipe with leakage of fis-
sion products not exceeding the design leakage - so public would be protected from 

:the consequences of radioactive contamination. 

Vacuum Relief Capabilit:t: Designed for 0.8 psi differential pressure. Automatic 
pressure-relief devices are provided to prevent excessive vacuum. 

Post-Construction Testing: A pressure test will be run at Sl.8 psig. After ini-
ti al tests at S and 4l. 4 with soap bubbles. Leakage rate tests performed at 46 
psig for 24 hrs, Periodic leakage tests will be run during life of plant. 

Penetrations: Double sealed and individually testable. 

Weld Channels: Weld channels not mentioned, however, all welds were radiographed. 
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Pa<>e 3. PWR 
' 

Reactor: Kewaunee 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEra;t: S;t:stem: Designed to spray 2600 gpm of borated water into Con-
tainnient when coincidence of two sets of 2-out-of-3 containment pressure signals 
occurs, or a manual initiation signal is given. Either of two subsystems are 
independently capable of delivering one-half f lolN, or. 1300 gpm, the required 
design flow. 

Containment Cooling: Sized so any 3 of the 4 fan-coil units will provide adequate 
heat removal from Containment during operation, and to maintain interior air 
temperatures below 104°F in accessible areas during hot standby operation. The 
fan-coil cooling units will also be utilized for emergency cooling under pust-
accident conditions .. Purge system can provide 1 1/2 air changes per hour. 

Containment Isolation S;t:stem: Leakage through fluid-line penetrations not serv-
ing accident-consequence-limiting systems is minimized by a double-barrier. The 
doub le-barriers are closed pipe systems, with isolation valves. The double-
barrier arrangement provides two reliable low-leakage barriers between containment 
and the environment. The automatic closure is initiated by a Safety·Injection 
Signal or bv manual initiation. 
Contaimnl:!ut Air Filtration: Consists of demister section, electric-heating ele-

men ts,. HEPA filters, impregnated charcoal, and another HEPA section. Charcoal 
filters are protected with a deluge system to prevent excessive temperature. 

Penetration Room: Not indicated as such on plans. 

Organic-Iodide Filter: No rererence found. 

!IY...d..I"ogen Recombiner: Hydrogen will be controlled by venting. Research is under-
way to develop a simpler method than recombiner. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each containing 8600 gallons of borated water, will 
dump their contents into each of the two cold legs of the reactor when system 
pressure drops below 700 psig. Operation is automatic - two check valves in 
series open when reactor pressure drops below 700 psig. 

H:tgh-head Safet:t: Injection: Two charging pumps deliver borated water. to the 
reactor vessel, first from the boric acid tank and then from the refueling water 
storage tank. Pumps start on injection signal and have capacity (800 gpm @ 2500, 
each) to flood core sufficiently for small breaks. 

Low-head Safet;t: Injection: Two residual heat removal system pumps deliver 
large quantities of borated water to the reactor vessel when pressure drops to 
600 psig. One pump has the capacity (2000 gpm @ 600 psig) to cover the core for 
all size pipe breaks. ThP.se pumps can also recirculate borated water which has 
accumulated in the sump. 
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Pa2e 4 PWR 

Reactor: Kewaunee 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No known service failures have resulted under.conditions 
permitted by vessel design limits. 

Core Cooling Capability -

Containment Floodabi li tx: -

Reactor-Coolant Leak-Detection sx:stems: Provided by equipment which continuously 
monitors conta~nment air activity and.humidity, and runoff from ·condensate collect 
ing pans under fan coil units. Criterion is detection of deviations from normal 
including air particulate activity, radiogas activity, humidity, condensate run-
off and for gross leakage, liquid inventory in containment sump. 

Failed-Fuel-Detection Sx:stems: Monitored by a gamma-sensitive detector on 
reactor coolant let-down line, after 
research is being done. 

the let-down heat exchanger. Further 

·Emergencx: Power: Two quick-start diesel generators are provided to supply 
adequate power for plant safety in the event of loss of station and off-site 
ac power.; Each generator is capable of supplying the power requirements of 
one complete set of engineered safety features. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Provided to control excess reactivity 4vrine fin:lt ryrl~. 

Horosilicate glass tubes in 304 SST rods. 

Part-Length Control Rods - Four assemblies are used (absor.ber in bottom.3') 
to shape axial power distribution and control axial xenon oscillation. 

In-Core Instrumentation - A fixed in-core flux detector system will be used 
as· developed by misc. tests (Section 1.6.9). 

Unborated Water Control: Because of the procedures involved in the dilution pro-
cess, an erroneous dilution is considered unlikely. Nevertheless, if an uninten-

.·tional dilution of boron in the reactor· coolant does occur, numerous alarms and 
indications are available to alert the operator to the condition. The maximum 
reactivity addition due to the dilution is slow enough to allow the operator to 
determine the cause of the addition and take corrective action before excessive 
~hutdown margin is lost. 

Long-Term Cooling - Internal or External Sx:stems: Long-term cooling is accom-
plished using one of the two residual heat removal system pumps and accompanying 
heat exchanger. Borated water from the sump can be circulated through the heat 
exchanger and then into the reactor vessel. Different flow paths are available 
for redundancy. 
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P 5 PWR age 
' 

Reactor: Kewaunee 
F. MISCELLANEOUS 

WindsEeed,. Direction.Recorders, and SeismograEhs: Meteorological observations 
were started in 1968 and have been recorded continuously since then. .A 150' 
high tower is used for measurements. A strong-motion triaxial seismograph is 
installed on foundation slab with readout in contrpl room. 

Plant OEerating Mode: Load following 

S.ite Features: Located on the west shore of Lake Michigan on 907 acre site. Site 
grade is 605' well above possible flooding. Normal lake 11?,vel is 577'. The site 
area and surrounding land is flat to rolling. Po:i.nt Beach Nuclear plant is 4 1/2 
south. Point Beach State Park is 8 to 11 miles south. There is a cemetary on 
the plant property about 3000 ft from the reactor. State route 1142 runs through 
the property. 

Turbine Orientation: Ejected turbine blades could strike containment structure. 
Turbine and reactor centerlines are 190 ft apart. 

Emergency Plans: Training will be given to both on-site and off-site personnel to 
fami1iarize them with procedures. Periodic drills will be held for employees to 
keep them up-to-date. Special fire-fighting training will be given and fire 
drilli; will be conducted. 

Environmental Monitoring Plans.: Preoperational monitoring started in 1969. Over 
two·years of data will be available before plant startup. This information will 
show possible changes due to plant operation. Monitored variables include ambient 
gamma background, air particulates, lake water (suspended and dissolved solids), 
on-site well water, milk, slimes, vegetation, lake-bottom sediment and organisms, 
soil and fish. 

Radwaste Treatment: Liquid wastes are collected and processed through evaporators 
and filters as required. Evaporator condensate is sampled to determine activity 
and monitored during discharge to the lake via condenser circulati~g water dis-
charge. Solid wastes are drummed and shipped off-site for disposal. Gaseous 
wastes are collected and held for decay until ~heir level is low enough for dis-
charge. 

Stack Height - Vent is on top of containment structure. 

Waste Heat Syst.~.11!: A once-through cooling system will be used taking water. from 
Lake Michigan and discharging back to the lake through a sheet pi],.ing type struc-
ture at the shore ·line. Intake will be taken 1750 ft from shore in water 15 ft 
deep. Circulating water quantity will be 420,000 gpm with 19F temperature rise. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Kewaunee lluclear Power Plant 

THERMAL DOCKET NO. 50-30~ ------
OUTPUT. MWt __ 1_65_o __ 

TYPE or NUCLEAR 

STEAM SYSTEM PWR ------
NEARBY BODY OF WATER Lake :1ichigan (west shore) NORMAL LEVEL 577' (MSL) 

586'(MSL) MAX PROB FLOOD LEV.CL 

SIZE or SITE 907 ACRES SITE GRADE ELEVATION 606'(MSL) 

TOPOGRAPHY OF SITE Flat to Rolling 
-------_,:;~----------------------0 F SURROUNDING AREA ( 5 MI RAD) Flat to Rolling 

_______ __,..._ ______________ _ 
TOTAL PERMANENT POPULATION IN 2 MI RAD 193 (1985) IN 5 MI RAD 2275 (1985) 

NEAREST CITY OF 50 1 000 POPULATION Green Bay, Wisconsin 
____ .....,;;...;.... _______________ ~ 

DISTANCE FROM SITE 27 MILES POPULATION 85 1 000 (1969 ) 

LAND USE IN 5 MILE RADIUS Agricultural & Dairy Farming 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once Through -------------------WATER TAKEN FROM Lake M
0

lchigan -------------------- FOR Condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG 34 F SUMMER AVG 67 F AVG - F ---
RIVER FLOW NA (cfs) avg. *QUANTITY OF MAKEUP WATER - (gpm) 

'''TOTAL FLOW THROUGH CONDENSERS 420 ,000 (gpm) TEMPERATURE RISE ~F 

'''HEAT REMOVAL CAPACITY OF CONDENSERS - (Btu/hr) "'Per Unit 

COOLING TOWERS None -------------------------------
OTHER INFORMATION Point Beach Nuclear Plant is 4,5 mi S. Intake crib is b' 

------------~----~------------~---------deep located 1750' from shore. Discharge is at shoreline into a sheep piling uox. 

•· ------ ---- --~:_::::::=---------==::: ·.:. __ ~-~ ·~F-·is---~~ ~--· 

- -·------·- AGR.tCIJL'TLJRAL ¢ .DA11?y F. 
~..s ----- ·-···- 4R ll'f s . ~~=~----~::=~~:>~~ 
·-. ----·· 

< --- -·---·· ___ ,,,,,, . -- . ,,,;;;-- -
~ ------. -· . 

.--- - ..--- • --- - --- - - - --- - ---~-- --:s-~ 
------ >Jli'f£R-< ~- --

--
--::::.: .. - Go15' ~···· .. r~ 

:>_~-- ~~ 
- ,..:t. --:::::===-=- -~ ~ ·-. - -·· .· . ··-·. 

~fC. ~ '----= :.--:-:::- ---=... ~. .._ . ... .. 

-~~~ 
... ~ ~~::::.-~ , . ~--- . _ Y n , . - - ..... -.!""r"'1re . 

__ .,_..:::;;~ .' • 'F1..001J · ·.~/. -- '-.. ?~ooa--~ 
==:=---1S(OM.,l·l°'·•' .S86."1A><s::;_.::s:s;:s::t.L'C'"-C'°' .._ . ...... :- ,o;:;; .. ··'· _99~A1"'.'!'"' <--="' \"'"'K~\\1··' l(t~ . - . . . . AN .. - . .-~ ....-R"se -
I, < :---.:. · <: ( ' ·' ~ /· - . - : · L" 7 7 t • L A K. <: M I C I~ I C. ~ - · 'V~ .. · • . P::::.:--:.- · . . .. -· _ · . "" .:: 34 F:. To 67 F' - ... - · ·~ 'l t-""-'l""~:-

--~~~--------.--~-------------------------------------------------.-NUCLEAR SAFETY INFORMATION CENTER 
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PRAIRIE ISLAND, .50-306 (PHR) Page 1 

Project Name: Prairie Island Nuclear Reactor: Prairie Island 
Generating Plant, Units 1&2A-E: Pioneer Servic~ & Engg. Co. 

Location: Goodhue Co., Minn.* Vessel Vendor: Babcock & Wilcox 
Owner: Northern States Power Co. Docket No.: 50-306 (also 50-282) 
NSS Vendor: Westinghouse Containment Constructor: Northern States 

·*6 miles NW of Red Wing, Minn. Power 

A. THER.i~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 
1650 

H20/U, 
3.85 HWt Cold 

Electrical Output, Avg !Gt-Cycle. 
MWe 560 Burn up MWD/MTU 15,200 

Total Heat Output for First Core Avg 
Safety Design, MWt 1721 Burnup, MWD/MTU (Equi) 33,000 

Total Heat Output, 
5631 x 106 

Maximum Burnup, ---Btu/hr MWD/MTU 
System Pressure, 

2250 
Region-I 

2.27 psia Enrichment, % 
JJl~DK, 

2.20 
Region-2 

3.03 Nominal Enrichment, % 
Total Flow rate, 

68.2 x 106 Region-J 
3.40 lb/hr . Enrichment, % 

Eff Flowratc tor 
65.2 x 10G keff, Cold, No 

1.237 Heat Trans lb/hr Power, Clean 
Eff Flow Area for 

27 keff• Hot, Full Power 
1.131 Heat Trans, ft 2 Xe and Sm 

Avg Vel Along 
14.8 

Total Rod 
7.51 Fuel Rods, ft/sec Worth, % 

Avg Mass Velocity 
2.42 x 106 Shutdown Boron, No 

1671 lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 

535.5 
Shutdown Boron, No 

1615 Inlet Temp, Op Rods, Clean, Hot, ppm 
Avg Rise in 

66.4 
Boron Worth, Hot, 

1/125 Core, OF % l'ik/k/ppm 
Norn Hot Channel 

635.1 
Boron Worth, Cold, 

1/95 Outlet Temp, OF % 6k/k/ppm 
Avg Film Coeff, 

5700 
Full Power Moderator (+O .3 to -3.5) 

Btu/hr ft 2
, OF Temp Coeff, l'ik/k/°F x 10-4 

Avg Film Temp 
33.5 

Moderator Press (-0.3 to +3 .5) 
Diff, °F Coeff, l'ik/k/µsi x 10-6 

r--- -· . -·-Active Heat Trans 
28714 

Moderalur Vul<l Co~ff -0.10 tu I 0. JO 
Surf Area, ft 2 wk/k/1!lcm3 
Avg Heat Flux, 191,000 Doppler Coefficient, (-1.0 to -1.6) 
Btu/hr ft 2 l'ik/k/°F x 10-s 
Max Heat l'lux 

534,800 Shutdown !-fargin, Hot 
Btu/hr ft? One Rod Stuck. % l'ik/k 1 
Avg Thermal 

6.18 Burnable Poisons, J:Sorosu.icate 
Output, kw/ft Type and Form .Glass Rods 
Max Thermal 17.3 Number of Control 464 
Output, kw/ft Rods 29 x 16 
M.::ix Clad S1.1r-

657 
Number of Part-Length 64 

face Temp, OF Rods (PLR) 4 x lb 

No. Coolant 
2 Loops 

Data from FSAR. Compiled By: Fred Heddleson 
Date: June 1971 
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Priop 2 PWR 
Reactor: Prairie lsland 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.44 Design Winds in mph: 

Low Population Zone' Dist., Mi. 1 1/2 At 0 - 50 ft elev 100 

Metropolis Distance Population 
50 - 150 ft 120 

M~nrieapo lis-S t. ~aul 30 1,865,000 
Design Basis Earthquake I 

150 - 400 ft 140 
Accel., g 0.12 

Operating Basis Earthquake Tornado 300 mph tang + 60 trans Accel., G 0.06 

Earthquake Vertical Shock, 
f:,p = 3 psi/ 3 sec % of Horizontal 67 

Is intent of 70 Design Criteria satisfied? Yes, plant will be designed, construe-
ted, and operated so as to comply with applicant's understanding of the intent of 
the criteria (Sect. 1.8). 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 41.4 Calculated Max 
42.6 psig Internal Press, psig 

Max Leak.Rate at 0.5 design ac1 ual 
Design Press, %/day test was 0.02. 

TlEe of Construction: There are 2 separate structures--a reactor containment vessel 
surrounded by a shield bldg. The containment vessel is a cylindrical steel pres-
sure· vessel about 1 1/2-in. thick with hemispherical dome and ellipsoidal bottom. 
The shield building is a 2'6" reinforced concrete right circular cylinder with a 
2' shallow dome roof. An annular space of 5' is provided between the 2 structures 
with 7-ft clearance between the roofs. The containment vessel is supported on a 
grout base put in after vessel construction was completP and tested. 
Design Basis: Designed to contain fission products with leakage not exceeding c.le-
sign value after LOCA, so that radiation dos.es to thP public do not exceed li111lts 

. set by AEC. Structures designed to withstand all credible natural disasters such 
as tornado; earthquake and flood without loss of integrity. 

Vacuum Relief Cal!abllit:t:: Automatic vacuum relief devices will prevent external 
pressure from exceeding the design limit of 0.8 psi. 

Post-Construction Testing: Tested at 1.25 design pressure (which gives a test 
·pressure of 51. 8 psig). Leak tested finding a value of 0.02 as shown above. 

Penetrations: All except cold penetration lines are double sealed and testable . 
.. Cold penetrations are single sealed. 

Weld Channels: Weld channels not discussed. Bottolll i;eal welds were. soap bubble 
tested at 5 psig before grout placement. 
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P 3 PWR a11e 

Reactor: Prairie Island 
02. CONTAINMENT SAFETY FEATURES 

Containment SEral Slstem: Designed to spray 2400 gpm of borated water into con-
tainment when coincidence of two sets of two out of three (Hi Hi) containment 
pressur·e signals occurs, or on manual initiation. Either of 2 subsystems are in-
dependently capable of delivering 1/2 flow, or l:wo gpm. Designed for heat re-
moval capacity to maintain post-accident containment pressure below the design 
pressure of 46 psig. System can ope.rate over a prolonged period of time. 

Containment Cooling: Four fan-coil units operate to hold temp below 104F during 
normal plant operation or these same units can operate in conjunction with the 
Spray System for cuollng after LOCA. Each unit has 50 x 106 Btu/hr capacity. All 
4 units running have capacity to remove heat from LOCA. 

Containment Isolation Slstem: Isolation valves are provided as necessary for all 
fluid system lines penetrating l:On tain·men t to assure two barriers for redundance 
against leakage of radioactive fluids to the environment in event of LOCA. These 
barriers are in the form of isolation valves. In addition to satisfying contain-
ment isolation criteria, the valveing is designed to facilitate normal operation 
and maintenance 6f the systems. 
Containment Air Filtration: Any air leaving the containment vesseJ. must pa.ss 
through complete filtration before leaving the shield building. This includes 
particulate, HEPA, and charcoal. 

Penetration Room: None shown as such on plans. 

Organic-Iodide Filter: No reference found. 

Hydrogen Recombiner: Containment venting are regarded as satisfactory. 

03. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each holding 8600 gallons of borated water under 
700 psig pressure applied by nitrogen cover ga~, inject their contents into the 
coolant system when the coolant system pressure drops· below 700 psig. Two check 
valves, in series, are the only operating parts. If contents of one tank spills 
on the floor, the other tank will still fill the reactor vessel halfway up on the 
core. 

H:l.gh-head Safet;):'. Injection: Two high-head safety i.njection pumps take suction 
from the refueling water storage tank. When injection first starts, initiated by 
the Safety Injection Signal, concentrated boric acid from the boric acid tank is 
inj ecte<l lnto the coolant system. Each pump is rated 800 gpm @ 2485 psig and can 
supply water lost by a break up to 2" size. When contents of refueling water 
storage is exhausted, water can be pu111ped frora containment sump. 

Low~hear:l S.<1fet.:l:'. Injection: This system and the Residual Heat Removal System are 
the same. Two pumps are provided, each rated 2000 gpm@ 600 psig. 'fhese pumps 
operate when coolant pressure has dropped to the 600 psig range, after accumula-
tor~ have functioned. These pumps take suction from t.he refueling water storage 
tank, and if this supply is exhausted, recirculation phase starts with water 
pumped from the containment sump. 

-· 
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PaPe 4- PWR 

Reactor: Prairie Island 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Indication in control room ot J.eakage 
is provided.by continuous monitoring of containment air activity and humidity, 
and by runoff of condensate from cooling coils of air recirculation units. Basic 
criterion is detection of deviations from normal including air particulate 
activity, radiogas activity, humidity, condensate runoff. Gross leakage is in
dicated by liquid inventory in the process systems and containment sump. 

Failed-ruel-Detection Systems: For initial operation, gamma-sensitive detector 
on reactor coolant let-down line, after the let-down heat exchanger, will be 
used. Studies are underway on fission chamber detectors biased against "pile-up,' 
hoping for improved sensitivity methods. 

Emergency ·Power: Two diesel generator sets, installed with Unit 1, provide emer
gency power for engineered safety features sized and cross-connected ·to serve 
both units. Each generator, rated at 3000 kW continuous, is sized to start and 
carry the LOCA loads for one unit plus the shutdown requirements of the other 
unit. Each unit has its own independent air starting system consisting of air 
compressor and 2 accumulators each capable of cranking engine for 20 seconds. A 
day tank for each diesel provides fuel for 8 hrs of operation. A large storage 
tank has fuel supply for 2 weeks operation of both engines. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid in the coolant compensates fg;i; slow changP1> i.n 

reactivity. 

Part-Length Control Rods - Yes, will be used to control neutr.on flux dis tribu
tion oscillations. 

In-Core Instrumentation - Out-of-core detectors will be used instead of In
core. Studies show out-of-core are satisfactory. 

Unborated Water Control: Because of procedures involved in the dilution process, 
an erroneous dilution is considered unlikely. Nevertheless, if an unintentional 
dilution of boron in the coolant does occur, numerous alarms and indications are 
available to alert the operator of the condition. ·Maximum reactivity addition 
due to the dilution is slow enough to allow the operator to determine cause of 
addition and take corrective action before excessive shutdown margin is lost. 

Long-Term Cooling - Internal or External Sys terns: Accomplished by the Resiaual 
Heat Removal system consisting of 2 loops each containing one pump and one heat 
exchanger. Suction of pumps ·would be the containment sump. Each pump rated 
2000 gpm @ 600 psig. Each heat exchanger rated 26 x 106 Btu/hr. 
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Pa2e 5, PWR 

Reactor: Prairie Island 
F. MISCELLANEOUS 

Winds2eed, Direction Recorders, and Seismogra2hs: Data has been collected since 

May 1968 with in·s t rumen ts on a 140-ft tower. A central recording acceleograph 
with .. three detecturs will be inst.alled to measure ground motion, reactor building 

motion and motion of major equipment. 

Plant 02erating Mode: Load following 

S.i i:c: Features: Plont located on the west bank of the Mississippi River on a sort 

of island (Prairie Island) comprising 560 acres. One of the river lucks is just-

below the plant site so a fairly stable pool (elev 67{+' MSL) is maintained. 
Plant grade is 694'. Maximum probable flood is 704'. -The immediate site is flat 
to rolling with hilly terrain further away. Land use is agricultural - dairy farm 

. ing and vegetable canning, Population (1970) in a 2-mile radius. was 374, and in 
5 miles it WilS 3267. 

Turbine Orientation: Ejected turbine blades coula strike containmenc. 
Centerlines are 190 ft apart. 

Emergenc}:'. Plans: Plans have been developed to cover on-site and oft-site . 
emergencies. Off-site plans have been coordinated with local authorities so as 
to safeguard the public. Plans specify responsibilities, lines of authority, 
communication, notification, and protective measures. Plans will be reviewed 
periodically. 

En vi romnen tal Monitoring Plans: An environmental radiation monitoring program was 
initiated in May 1970. This program will be continued after plant operation Le-
gins. Measurements are being taken of the radioactivity present in air, surface 
and well water, raw milk, vegetation, aquatic plants, fish and other selected 
specimens. An ecological study of the Mississippi River in the areas of the plant 
was also begun in May 1970. Meteorological and water quality data has been 
gathered since May 1968. 

Radwaste Treatment: Waste disposal system, common to both units, collects, pro-
cesses, an<l p1eµares wo:::itcc for (ljqp11sal with radioactivity levels as low ·as 
practical below 10CFR20 limits. Liquid wastes are collected, processed, and dls-
charged to the river "via the condenser circulating water discharge. The evapora-
tor residues and other solid wastes are drummed and s;h,ipped from the site for dis-
posal in an authorized location. Gaseous wastes are collected and stored for 
decay before discharge to the environment. 

Stack Height - Plant vent is probably from top of containment. 

Waste Heat sistem1 A once-through system is ·used with 4 mechanical draft cooling 
towers available for variable cycles to cool the water before return to the ·river 
if cooling is required. River flow at the plant is 15,020 average with winter 
water temperature average of 38F and summer average near 75. Circulation through 
each unit condenser is 294,000 gpm with a tempe-ratu·re rise of 27F. 

' 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAM!; Prairie Island Nuclear 

~~~~~~-~enerating_Plant 

TllERMAL TYPE OF NUCLEAR DOCKET NO. 50-282 

OUTPUT, MWt 1650 STEAM SYSTEM PWR 50-306 

llI.:AR!lY BOUY or WA1'l:R Miss~s~iEEi River UOHMAL LI:Vl:L 674 1 (MSL) 

MAX PROll FLOOD. LEVEL 701.1 • (MSL) 

SIZE OF SITE 560 ACRES SITE GRADE ELEVATION 694' (MSL) 

TOPOGRAPHY OF SI TE Flat to Rolling in the river valley 

OF SURROUNDING AREA (5 MI RAD) Hill 
~~~---~~~~~~~~~~~~~~~~~~--,~-

TOTAL PERMANENT POPULATION IN 2 MI RAD . 374 ( 1970) IN 5 MI RAD 3267 ( 1970) 

NEAREST CITY OF 50 ,000 POPULATION Minheappolis-St. Paul 

DISTANCE FROM SITE 30 MILES POPULATION 1,865,00~ -70) 

LAND USE IN 5 MILE RADIUS Agricultural - dairy farming and vegetable canning 

CIRCULATING HATJ;;R SYSTEM TYPE OF SYSTEM Once through with variable cycle 

WATER TAKEN FROM Mississippi River FOR Condensers 
towers 

WATER llODY TEMPERATURES - WINTER AVG 38 F SUMMER AVG 75 F AVG - F 

RIVl::R FLOW 15 ,020 (cfs) avg. *QUANTITY OF MAKEUP WATER ____ (gpm) 

*TOTAL FLOW THROUGH CONDJ;;NSERS 294,000 (gpm) /unit TEMPERATURE RISE 27 F 
6 ---

'''HEAT REMOVAL CAPACITY OF CONDENSERS 3880 X 10 (Btu/hr) /unit '''Per unit 

COOLING TOWERS 4 mechanical draft towers for both uni ts to cooi water before 
discharge back. to river on a variable cycle depending upon temp. 

OTHI.:R INFORMATION Total heat rejection to circulating water system is 8900 X 
--------------------~--~------....;;;_ ____ __;;__ __________ _ 

10
6

• 

NUCLEAR SAFETY INFORMATION CENTER 
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HAINE YANKEE, 5<'l-309 (PFR) Page 1 

Project Name: Maine Yankee Atomic Power Station Reactor: Maine Yankee 
A-E: Stone & Webster 

Location: Wiscasset, Maine Vessel Venpor :, Combustion Engineering 
Owner: Maine Yankee At~mic Power Co. Docket No.: 50-309 
NSS Vendor: Combustion Engineering Containment Constructor: Stone & Webster 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2440 H20/U, 1.59 
MWt Cold I 

Electrical Output, 830 Avg 1st-Cycle 12,895 
·MWe Burnup, MWD/MTU 
Total Heat Output for 2570 First Core Avg 30,000 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8.328 x !Ob Maximum Burnup, ---
Btu/hr MWD/MTU 
System PTessure, 

2235 
Region-1 

2.01 psia Enrichment, % 
Ui~DK, 

2.45 
Region-2 

2.40 Nominal Enrichment, % 
Total Flow rate, 106 Region-J 
lb/hr 122 x Enrichment, % 2.95 

Eft Flowrate for keff, Cold, No 
·Heat Trans lb/hr --- Power, Clean 1.163 

Eff Flow Area for keff> Hot, Full Power 
·Heat Trans, ft 2 --- Xe and .Sm 1.066 

Avg Vel Along Total Rod 
Fuel Rods, ft/sec 13.9 Worth, %. . Cold BOL 8.7 
Avg Mass Velocity 

2.29 106 
Shutdown Boron, No 

lb/hr-ft 2 x Rods, Clean, Cold, '846 ppm 
Nominal Core Shutdown Boron, No 
Inlet Temp, OF 540 Rods, Clean, Hot, ppm 722 
Avg Rise in Boron Worth, Hot, 
Core, OF --- % lik/k/ppm 81 
Norn Hot Channel Boron Worth, Cold, 
Outlet Temp, op 636 % lik/k/ppm 61 
Avg Film Coeff, Full Power Moderator (-0.40 to -1.96) 
Btu/hr ft 2

, OF 5,300 Temp Coe ff .. lik/k/°F .,, ·in-4 
Avg Film Temp Moderator Press (+o.65 to +2.39) 
Diff, Op 33 Coeff, lik/k/osi x 10-6 
Active Heat· Trans Moderator Void Coeff (-0.41 to -1. 43) 
Surf Area, ft 2 47,400 lik/k/% Vqid x 10-3 

·Avg Heat Flux, Doppler Coefficient, ·' 

Btu/hi ft 2 171,400 lik/k/ 6 F ---
Max Heat Flux Shutdown !1argin, Hot 

1 or Btu/hr ft 2 502,300 One Rod Stuck • % lik/k greater 

Avg Thermal 
5.75 

Burnable Poisons, 
B4 C-AR.z03 Output, kw/ft Tyoe and Form 

Max Thermal Number of Control * 385 Ou.tput, kw/ft 16.9 Rods or 425 

Max Clad Sur- · !~umbet of'Part-Length 
40 face Temp, OF 657 Ru'ds (PLR) 8 x 5· 

No. Coolant * Some places given as 77 assemblies and 
Loops 3 in others as 85. \ 

Data from FSAR. Compiled By: Fred Heddleson 
Date: April· 1971 
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P<>oe 2 PWR 
Reactor: Maine Yankee 

c. SAFETY-RELATED-DESIGN CRITERIA 

Exclusion Distance, Mi. 0.38 rad .. Design Winds 

Low Population Zone Dist., Mi. --- At 0 - so ft elev 3S psf 

MetroEolis Distance PoEulation so - lSO ft 
Portland, Me. 34 mi. 70,000 (69) 

Design Basis Earthquake 
0.10 lSO 400 ft -Accel., g 

Operating Basis Earthquake 
0.05 Tornado 300 mph tang. + 60 frans. 

Accel., G 

Earthquake Vertical Shock, 
67 t:.P = 3 psi/ sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes - Appendix A states, II ... Maine 
.Yankee has been designed and constructed in accordance with the intent of these 
criteria. II 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT. 

Design Press, 55 
Calculated.Max 

49.5 
psig Internal Press, psig .. • 

Max Leak Rate at 
·Design Press, %/day 0.1 

T:t:Ee of Construction: Reinforced concrete cylinder 4 1 -611 thick with a spherical 
dome 2 1 -6 11 thick. Foundation mat is 10 ft thick. Inside surface of concrete is 
lined with steel shell for leak tightness. Liner is 3/811 thick carbon steel. 

Design Basis: Designed to withstand pressure and temperatures resulting from most 
critical LOCA anc:l other loads such as seismic and tornado with leakage rate less 
than 0 .1% per day ~ith a max metal-water reaction of 2% of fuel elements. 

Vacuum Relief CaEabilit:t:: Designed tor max negative pressure or t .:> psi Del.ow 
atmosphere outs:i.c:le. Found no reference to vacuum breakers. 

Post-Construction Testing: Pressure tested at 63.25 psig for one nour and then 
lowered to 55 psig for 24 hours. Leakage rate tests will be conducted at design 
pressure and 50% of that. Periodic tests will be run there·after. A leakage-
monitoring system is pr.ovided. 
Penetrations: ~ome are single sealed and some double sealed. Double are testaol.e. 
Heated fluid penetrations have cooling water sleeves around them. 

Weld Channels: Installed .along all seam welds with zoned areas and pressure r.: 

taps for testing. 
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P 3 PWR a11:e 

Reactor: Maine Yankee 
D2. CONTAINMENT SAFETY FEATURES 

Containment SE ray System: Designed to spray borated water from the refueling water 
tank into containment following LOCA, depressurizing containment to about 10 psig 
in 24 hrs. Sodium hydroxide. i.s added to the spray solution to remove radioactive 
iodine from the atmosphere. There are two completely independent systems with 
pumps which each handle 3700 gpm at 130 psig. 

Containment Cooling: Six l/5th capacity fan-coil unit$ hold temp below 112 F dur-
ing operation and heat to prevent temp lower than 50 F. Ductwork disiributes 
cooled, recirculated air to the areas of heat-producing equipment. CoUs A.re 
cooled with component cooling water at design temperature of 85 F. 

Containment Isolation System: Isolation valves are installed on all penetrations, 
2 on each line with a valve inside and one outside of containment for double bar-
rier against leakage. Automatic valves are actuated by high containment pressure. 
All remotely operated valves have position indicators in the control room. 

Containment Air Filtration: Purge system can provide one air change per hour for 
containment. Exhausted air passes through a prefilter, particulate filter, and a 
charcoal filter bank. 

Penetration Room: None shown as such on plans. 

Organic-Iodide Filter: None mentioned. 

Hydrogen Recombiner: Sect. 14.19.2.3 states that hydrogen buildup is sufficiently 
slow so that controlled venting can prevent combustible mixture from being a prob-
lem. VentinQ will cause no unrlno h<>7 __ _, ;_ t..·-··--'---~- _, ____ 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Three tanks, each holding 9150 gallon of borated water, will 
dump their contents into each of the 3 main coolant loops when system pressure 
drops below 185 psig. Tanks are pressurized with nitrogen gas. Two tanks provide 
sufficient water to recover the core following LOCA. Operation of these injection 
tanks .is fully automatic with no moving parts except a check valve. 

High-head Safety Injection: Three pumps are available, but only 2 will be used 
to inject borated water into headers. These pumps are also used for normal makeup 
charging. Each pump capacity is 150 gpm at 2850 psig. Upon safety injection 
actuation signal (SIAS), pump suction switches to re.fueling water tank. Two pumps 
can make up the loss through a broken 1 1/2-in. line. SIAS results from contain-
ment pressure of 5 psig or from low pressurizer pressure of 1700 psig. 

Low-hecii:l SrifP.ty Injection: Two pumps, each with capacity of 3000 gpm at 600 psig 
can flood the cor.e when pressure has dropped in the system. There is one spare 
pump which can function with this system, or with the containment spray system. 
This system, or the H!'SI system can be u~eu for long term cooling. 

•. 
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.. a~e . P 4 PWR 

Reactor: Maine Yankee 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No rererence rouna. 

Missile & Reactor ·Forces -

Core Cooling Capability -

Containment Floodabilit}'. -

Reactor-Coolant Leak-Detection sistems: No reference found. 

Failed-Fuel-Detection sistems: No reference found. 

Emergenci Power: Two independently isolated diesel-generator systems each rated 
at 3560 kVA can supply emergency power. One system has capacity to supply power 
requirements of required engineered safety features. Diesel are fast starting 
using compressed air tanks. A day tank provides 4 hr of fuel for full-load 
operation, and two on-site tanks can supply fuel for full-load operation of one 
diesel for 8 days. 

.Control of Axial Xenon Oscillations: 
Burnable Shims - B4C-AR.z03 included to lower BOL dissolv~g boron re.qui reel , 

Bat eh D fu.,;l has 1280 shims, batch C has 816. 
.. Part-Length Control Rods - Eight rods used for power shaping. 

In-Core Instrumentation - Rhodium and vanadium neutron detectors provide 
information on neutron flux in core. 

Unborated Water Control: Excessive boron dilution probability is very small, con-
side ring equipment and controls and administrative procedures provided for the 
operation. If an unintentional dilution of boron does occur, numerous alarms are 
available to alert the operator. The maximum reactivity addition due to the dilu-
ti on is slow enough to allow the .operator to determine the cause and to take cor-
rective action before shutdown margin is completely lost. 

Long-Term Cooling - Internal or External Sistems: When the .l.lb ,000 gallon 
capacity of the refueling water tank is exhausted, injection pumps and spray pumps 
will take suction from the containment sump and recirculate the borated water 
through the reactor and the residual heat exchangers for long term· heat removal. 
If more water is needed, the water storage pond on the site provides an additional 
supply.. 

: 
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age , P 5 PWR 

Reactor: Maine Yankee 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: A 149-ft tower .was installed at 
elevation 45'. Wind speed and direction measured at top. Temperatures are 
measured at 3 levels. A recording rain gage is al.so installed. Seismographs not 

mentioned. 

Plant OEerating Mode: Load following in response to turbine demand. 

S.ite Features: Site consists of 740 acres surrounded on the east and south by 
Back River and Montsweag Bay - all tidal ~stuary waters. The Atlantic Ocean is 
about 15 miles south. Site grade is 20 I MSL. The site and surrounding area is 
rolling and wooded .. Within 2 mi radius there are 379 permanent residents and 
within 5 miles there are 6500, 1800 of these living in Wiscasset. Fresh water for 
the plant is pipec:I 2 miles from a 185 acre-feet pond on Montsweag Brook NE of the 
plant. 

Turbine Orientation: Ejected turbine blades could strike containment structure. 
Centerlines are·about 185' apart. 

Emergen<;:,Y .. Rlans: An emergency plan outlining actions and responsibilities ot 
employees and off-site support groups is in final stages. Liason is now being 
established with federal, stat.e and local agencies. There will be 3 classes of 
emergencies - local, site, and general which might arise from fire, weather 
conditions, equipment failures, or other conditions. 

Environmental Monitoring Plans: A program has· been planned in cooperation with 
Maine Water & Air Environmental Improvement Comm. and the State Department of 
Health and Welfare. There will be 2 phases - preoperational and operational. 
Preoperational was started 2 years before operation to establish background levels. 
Operational phase will demonstrate that 10 CFR 20 is being met and to monitor ef-
fects of releases. Samples of air particulates, river and bay water, ground water, 
veget:at:ion, marine biota and bottom sediments will be collected. 

·-

Radwaste Treatment: System designed to collect, store, process, monitor and dis-
p~-~-f all solid, liquid, and gaseous radioactive wastes. Criteria is to protect 
th'e public in accordance with 10 CFR 20. Liquids will be collected and processed 
through demineralizers, filters, and evaporators. Liquid effluents ~hen safe will 
be discharged into the service water system. Gases will be released to the vent 
stack or held for decay before release. Solid wastes will be drummed and shipped 
off-site. 

Stack Height - About 160 ft high (estimated). 

Waste Heat S):'.stem: A once-through system is used taking water from Back River and 
discharging into Montsweag Bay. About 426,000 gpm are pumped through the con-
denser. This whole area is an estuary affected by tidal flow. Water temperatures 
range from a winter average of 37 F to a summer average of 57 F. 

' 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Maine Yankee Atomic Power 

Station 

THERMAL TYPE OF NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 50-309 ------
OUTPUT, MWt 2440 ------
NEARBY ·BODY OF WATER Montsweag Bay and the 

Atlantic Ocean about 15 miies south 

SIZE OF SITE 740 ACRES -----

NORMAL LEVEL __ o __ c MSL) 

MAX PROB FLOOD LEVEL 20' (MSL) ----
SITE GRADE ELEVATION 20' (MSL) 

TOPOGRAPHY OF·SITE Flat to Rolling 
--------------------~------------------OF SURROUNDING AREA (S MI RAD) Rolling 

-------------~---~---------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 379 (1970) IN 5 MI RAD 6500 (1970) 

NEAREST CITY OF 50 1 000 POPULATION Portland, Maine -----------------------------DISTANCE FROM SITE 34 MILES POPULATION 70,000 (1969) 

·LAND USE IN 5 MILE RADIUS Wooded except for some idle farm land 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 

WATER TAKEN FROM Back River FOR Condenser cooling 
----------------~--~ WATER BODY TEMPERATURES - WINTER AVG 37 F SUMMER AVG 57 F AVG - F --- ~ 

RIVER FLOW NA (cfs) Tidal Flow *QUANTITY OF MAKEUP WATER (gpm) 

'"TOTAL FLOW THROUGH CONDENSERS 426 ,000 (gpm) TEMPE~TURE RISE-22,.:.~I 

'"HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS None --------------------------------------
OTHER l:NFORMATION Fresh water is brought from Montsweag Brook 2 miles NE °Dy an 

~· pipe having 200 

·-·· 
~1A~ ptf08 I 

i=~ooD '20 

NUCLEAR SAFETY INFORMATION CENTER 
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SALEM, 50-}ll (P\!R) Page 1 

Project Name: Salem Nuclear Generating .Station, Reactor: Salem 
Units 1 & 2 A-E: Public Service Electric 

Location: Salem Co., N. J. Vessel Vendor: Not specified. 
Owner: Public Service Elec. & Gas Docket No.: 50-3ll (also 50-272) 
NSS Vendor: Westinghouse Containment Constructor: Public Serv. Ele<. 

A. THER...~AL HYDRAULIC B. NUCLEAR 

Thermal Output, 3250 HzO/U, 3.48 
MWt Cold 
Electrical Output, 1050 'Avg 1st-Cycle 12,000 
MWe Burnup, MWD/MTU 
Total Heat Output for 3391 First Core Avg 21,800 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

10 6 
Maximum Burnup, 50,000 

Btu/hr ll,090 x MWD/MTU 
System Pressure, Region-! 2.20 
psia 2250 Enrichment, % 
lJNtiK, Region 2 2. 70 
Nominal 1. 81 Enrichment, % 
Total Flow rate, 

106 
Region-3 3.20 

lb /lir 135 x Enrichment, % 
Eff Flowrate for keff, Cold, No 1.225 
Heat Trans lb/hr 122.8 x 106 Power, Clean .. 
Ef f Flow Area for keff • Hot, Full Power 1.106 

" Heat Trans, ft 2 47 .9 Xe and Sm 
Avg Vel Along Total Rod 7 
Fuel Rods, ft/sec 15.7 Worth, % 
Avg Mass Velocity Shutdown Boron, No 1500 
lb/hr-ft 2 2.56 x 106 Rods, Clean, Cold, ppm 
Nominal Core Shutdown Boron, No 1500 
Inlet Temp, OF 539 Rods, Clean, Hot, ppm 
Avg Rise in Boron Worth, Hot, 1/85 
Core, OF 68.6 % llk/k/ppm 
Norn Hot Channel Boron Worth, Cold, 1/70 . 
Outlet Temp, OF 1646. 0 % llk/k/ppm 
Avg Film Coeff, Full Power Moderator (-:-0. 2 to -3.0) 
Btu/hr ft 2

, °F ~970 Temp Coeff, llk/k/ 0 f x io- 4 

Avg Film Temp Moderator Press (+0.2 tu +3.0) 
Diff, OF t34.7 Coeff, llk/k/psi x io-6 
Active Heat Trans Moderator Void Coeff (-0.2 to -3) 
Surf Area, ft 2 52,200 llk/k/% Void x 10-3 

Avg Heat Flux, Doppler Coefficient, (-1 to -2) 
Btu/hr ft 2 J07,000 llk/k/°F x lf'l-5 

Max Heat Flux 
583,000 

Shutdown ~argin, Hot 
Btu/hr ft 2 One Kod Stuck. % llk/k 1 
Avg Thermal 

6.7 Burnable Poisons, Pyrex glass in 
Output kw/ft .. '"'~""""·"' Type and Form SST tubes 
Max Thermal 18.9 Number of Control· 

1060 Output. kw/ft Rods 53X20 
Max Clau Sur- 657 Number of Part-Length 

160 face Temµ, OF Rods (PLR) 8x20 
No. Coolant /j 
Loops 

·• Compiled By: Fred Heddleson 
Date: July 1971 

---



so 

p,,o,, 2 PWR 
Reactor: Salem 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.8 radius Design Winds in mph: 

Low Population Zone Dist., Mi. 5 At 0 - 50 ft elev 108 

MetroEolis Distance Po:eulation 50 - 150 ft 131 
Wilmington, Del. 20 mi. 92 ,500 (69) 
Design Basis Earthquake 

150 - 400 ft 160 
Accel., g 0.15 

Operating Basis Earthquake Tornado 300 mph 
Accel., G 0.08. 

Earthquake Vertical Shock, tiP = 3 psi/ - sec 
% of Horizontal 67 

Is intent of 70 Design Criteria satisfied? Yes, Section 1.4 states that II ... 
general design criteria are followed in the design of this plant. i; 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 47 Internal Press, psig 43 
Max Leak Rate at 
Design Press, %/day 0.1 

Tl Ee of Con.st ruction: A reinforced concrete vertical right cylinder 4 1/2 ft thick 
with a f,lat base and a hemispherical dome (3 1/2 ft thk). A welded steel liner witl 
a minimum thickness of 1/4-in. is attached to the inside face of the concrete shell 
to insure leak-tightness. The flat concrete base mat is 16-f t thick with the 
bottom liner plate located on top of mat. Bottom liner plate will be covered with 
a minimum of 2-ft of concrete, the top of which will form the floor of the contain-
ment. 

Design Basis: Containment structure and penetrations, with the aid of containment 
heat removal systems, are designed to limit below lOCFRlOO values, radiation doses 
resulting from leakage of radioactive fission products from containment under condi-
tions that would result from the largest credible energy release following a LOCA, 
including a margin to cover the effects of metal-water or other undefined energy 
source. 

Vacuum Relief Ca:eabilitl: Designed for 3.5 psig external pressure. No reference 
found to vacuum breakers. 

' 
Post-Construction Testing: Pressure tested at 54 psig for. 15 min and at 47 psig 

for 2 hr. Leakage rate test will be run at 47 psig. Periodic testing will be 
made of penetratons for leaks. 

t'enetrations: All 
testable. 

penetrations are double-barrier type and are individually 

Weld Channels: All containment liner welds are covered by steel channels, as 
well as seam welds between liner and penetrations. 
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Paoe 3 '• PWR 

Reactor: Salem 

D2. CONTAINMENT SAFETY FEATURES 

Containment SEral sistem: The Containment Spray System provides a spray of cool, 
borated water containing a solution of sodium hydroxide to the containment 
atmosphere. The spray acts as a heat sink and a means of reducing the halogen 
fission products concentration. 

Containment Cooling: Temperatures are held at 120F or below during operation by 
4 of 5 fan-coil. filtering units which continuously circulate and cool the air. 
F.ilters remove particulates to keep containment air clean. Max capacity of units 
under accident conditions is 80 x 106 Btu/hr for each unit. 

Containment Isolation Sistem: Two isolation valves, one on each side of the con-
tainment wall for each penetration provide double-barrier protection against leak-
age of fission products. Valves operate automatically on a high containment pres-
sure signal. 

Containment Air Filtration: Fan-coil cooling units have HEPA filters .. Any 
air removed from containment passes through charcoal filters before going to 
the plant vent. 

Penetration Room: Piping penetration room and an electrical penetration room 
provided for each reactor at elevation 84'. 

Organic~Iodide Filter: No reference found. 

Hydrogen Recombiner: Hydrogen formation is so low (less than 1%) 'that no 
instrumentation to measure or detect it will be provided; 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four accumulators, each containing 6500 gallons of borated 
water, will automatically dump their contents into the reactor coolant system 
when system pressure drops to 650 psig. Tanks are held un<ler pressure of nitrogen 
gas. Two check valves in series operate to release the water. 

High-head Safetl'. Injection: Two 100% capacity safety injection pumps operate to 
keep core covered for small breaks. Pumps take suction from the refueling water 
storage tank; however, drawing concentrated boric acid first from the boron 
injection tank. Pump capacity is 700 gpm at 1750 psig. 

-

Low-'-head !:iafetl'. Injection: Two 100% capacity residual heat removal pumps take 
suction from the refueling water storage tank. These pumps operate to flood the 
core for large breaks where depressurization has occurred. Each pump is rated 
3000 gpm at 150 psig. 

- ~ 
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Pa"e 4 ,_ PWR -· -

Reactor: Salem 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

: 

Core Cooling Capability -

Containment Floodabilitl -

Reactor-Coolant Leak-Detection Systems: Provided by equipment which monitors 
con tairimen t air activity and humidity. The basic design criterion is detection 
of deviations from normal containment environmental conditions including air 
particulate activity, radio gas activity, humidity and in addition, gross leakage, 
the. liquid inventory in the process systems and containment sump. 

Failed-Fuel-Detection S;):'.stems: No reference found. 

Emergenc:l:'. Power: Two sets of three emergency power die_sel generators are pro-
vided, one set for each unit. Within a set of three, the diesel generators will 
share the fuel oil storage and transfer system. This system consists of two 
30 ,000 gallon fuel oil storage tanks and two fuel oil transfer pumps. Each fuel 
oil transfer pump nor_mally pumps from its own storage tank, but cross-connections 
are provided for added flexibility. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid solution in the coolant system. 

Part-Length Control Rods - Yes, there are 8 assemblies of 20 rods each. 

In-Core Instrumentation - Installed to yield inforrr.;,;cion on neutron flux 
dis tributiun. 

Unborated Water Control: If either boric acid flow or demineraU.;i;ed Wl'ltei:- flov: 
deviates from the control set point during coolant boration, dilution or normal 
leakage makeup, alarms warn the operator to deactivate the makeup system 
manually. Should a condition arise when coolant boron is changing without the 
operator's knowledge, RCC group position indication is a positive means of 
detecting any significant change when the reactor is critical and at power. 

Long-Term Cooling - Internal or External S;):'.stems: Recirculation of borated water 
from containment sump is accomplished by one of the 2 residual heat removal loop 
pumps, each rated at 3000 gpm for 150 psig. Water is circulated thru the 
residual heat removal loop heat exchangers for cooling. 
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P 5 PWR age 
' 

Reactor: Salem 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Data available from a tower 

located 10 miles ;:iw11y. Tower located at Burlington site has been moved to Salem. 

It is 300' high. No reference found on seismographs. 

Plant OEerating Mode: Load following 

S_i te Features: Located on a 700 acre si'te on the eastern shore ot the Delaware 

River estuary. The site is an artificial.island formed by hydraulic fill. The 

area is sparsely inhibited, no residents in a 2-mi radius and ll84 in a 5-mi 

radius. The site is flat and t:he surrounding area is flat marshland. 

Turbine Orientation: Ejected turbine blades could stn.Ke containment 

structure. Center lines are about 210 ft apart. 

Emergeuc~ Plans: No· reference found. 

I· 

Environmental Monitoring Plans: A program will be started at least 2 years 
before operation to determine existing backgrounds. The program will include 
sampling of the sensitive indicators such as air, water, soil, and others which 
contribute toward human exposure by way of the food chain (milk, vegetables, 
marine life, and animal life). 

Rarlwast~ Treatment: J;':i;ovides equipment to collect, process, and prepare for dis-
pos al with in limits of 10CFR20 all radioactive liquid, gaseous and solid wastes. 
Liquid wastes are collected and may be evaporated. After cleaning and filtering, 
evaporator condensate is discharged via the condenser discharge. Evaporator 
residues are stored, drummed and shipped off-site for disposal in the same manner 
other solid wastes are handled. Gaseous wastes are collected and stored until 
the activity level is low enough for discharge to the enviruru11e11t. 

Stack Height - No height found. 
·-- -

Waste Heat S:):'.stem: A once-through cooling .system will be used taking water from 
the Delaware River. A quantity of 1,100,000 gpm per unit will be circulated with 
water going back into the estuary with 13.6F rise in temp. Average river flow is 
15,000 cfs, however, this is insignificant since tidal flow average is 400,000 
cfs. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

H.l:ACTOR NAMI.: Salem Nuclear 

Generating Station 

Tlll.:RMAL TYPL; or llUCI,I.;AR UOCY-LT IW. 50-272 ------50-311 OUTPUT, MWt -----3250 

U~Altli'i UOIJY OI' \li\'l'l:I-' Delaware River estuary !IOIU1AL LLVl~L 0 (M:.;L) ----
i-i/\X PRvu fLOOD LI.:Vl:L 8.5' (MSL) 

SIZE or SITL: 700 /\CRL:S sin: Gi{Al.il: i.:Li.:VATIOil 10. 5' « i1SL) 

TOPOGRAPHY or SITL: Flat -------------------------------
0 F SURROUNVIUG AIU,;A ( ~ MI MU} Flat -------------------------
TOTAL PERMANl.:NT POPULATION IN 2 MI J{AIJ 0 ( 1967) IN ~ MI R/\D 1184 (1967) ----
NEAREST CITY OF 50 ,OOO POPULATION Wilmington, Delaware 

----------------~------
lHSTAllCl.: FROM SITL: 20 POl'ULi1Tiu;i 92, 500 (1969) 

LAND USE IN 5 MILi.: MDIUS Tidal marshes and grasslands 

CIRCUL/\TING \·/ATLI~ SYSTLi·I TYl'J..: Oi' :..iYSTl.:M Once through -------=----------
WATER TAKL:N rHOM Delaware River i'OR condenser cooling 

WATL:R UODY· TL:Ml'L:RATURL:S - wrnn:H /\VG 

RI Vl.:R FLOW 15, 000 ( cfs) avg. 

r SUMMl.:R /\Vr. -- l" 1\V<; -- f 

QU/\ilTITY or MMLUI' ',./[\'fj_;j{ (gpm) -----
TOTAL FLOW THROUGH CONDLUSi.:i{S 1,100,000 (gpm}/unit TL;11't.:i{A'l'Ui{L RlSi.: 13.6f 

HEAT RLMOVAL CAPACITY OF COiHiLliSi::l{S (8tu/i1r) -------
COOLING TOWERS None """'"""'""""._. ...... ._....,.,,_ _______ _ 

O'fHl.:H INFORMATION River is 2 miles wide at site where tidal flow· is 400,000 

fs average. 

.. "'-"' •• :: . - . ' 1' -- ·> .... ·~". . ""~~ ~.'.' .. ~ .. 
• •• ...,J..,.. : . . o°'-t;... -- -- ........ 

IVEAtVEsr COH,.,~nwry 

: ,.If ~{ ,,, , 

··'-, ~·-v .. 
' /, )f I ,,,., - ,, ·" 
~ i I • ~·~ 

• / 'I "":":;-• .------ • ,; 

NUCLEAR SAFETY INFORMATION CENTER 

·I· 
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P.AL~CHO SECO. 50-312 (PWR) Page 1 

Project Name:Rancho Seco Nuclear Generating Reactor: Rancho Seco 
Station Unit 1 A-E: Bechtel Corp. 

Location: SE Sacramento County* Vessel Vendor: Babcock & Wilcox 
Owner: SAcr.amento Municipal Utility Docket No.: 50-312 
NSS Vendor: Babcock & Wilcox Containment Constructor: c. H. Leavell 

*25 miles SE of Sacramento. Co. & Dravo 

A. THE~~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 
2772 

H20/U, 2.88 
MWt Cold 
Electrical Output, ·Avg 1st-Cycle 14,250 
MWe 963 Burnup MWD/MTU 
Total Heat Output for First Core Avg ---
Safety Design, MWt 2772 Burnup, MWD/MTU 
Total Heat Output, 

9461 106 
Maximum Rurnup, 55,000 

Btu/hr x MWD/MTU 
System Pressure, 

2185 
Region-1 ---

psia Enrichment, % 
JJNtlR, 

1. 7') (W-3) 
Region-2 2.57 core avg. 

Nominal Eurichment, % 
Total Flow rate, 

137.8 x 106 Region-J ---
lb/hr Enrichment, % 
Etf Flowrate for 

106 keff• Cold, No 1.252 
Heat Tr.::im:; lb/hr 129.5 x Power, Clean 
Ef f Flow Area for keff• Hot, Full Power 1.123 
Heat Trans, ft 2 49.17 Xe and Sm 
Avg Vel Along 

16.52 
Total Rod 11. l 

Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity Shutdown Boron, No 1585 
lb/hr-ft 2 ~-- Rods, Clean, Cold, ppm 
Nominal Core 

557 
Shutdown Boron, No 1446 

Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 

53.6 
Boron Worth, Hot, 1/100 

Core, OF % llk/k/ppm 
Norn Hot Channel 

649.5 
Boron Worth, Cold, 1/75 

Outlet Temp, OF % llk/k/ppm 
Avg Film Coe ff, 

5000 
Full Power Moderator (+0.9 to -3.0) 

Btu/hr ft 2, OF Temp Coeff, llk/k/°F x 10-4 
Avg Film Temp 

35 
Moderator Press -5.0 x 10 7 to 

Dif[, Op Coeff, llk/k/o:Ji +3.0 ;: 10-f) 
Active Heat Trans 

49 '734 
Moderator Void Coeff 

Surf Area, ft 2 llk/k/% Void Fig. 3.2-3 

Avg Heat Flux, 
185 ,090 

Doppler Coefficient, (-1.1 to -1. 7) 
Btu/hr ft 2 flk/k/°F x 10-S 
Max Heat Flux Shutdown !'1argin, Hot 

1 Btu/hr ft 2 576,885 One Rod Stuck.% llk/k 
Avg Thermal Burnable Poisons, Al20rB4C in 
Output, kw/ft 6.105 Type and Form 68xl6 Zircalov-4 rods 
Max Thermal Number of Control 

976 Output, kw/ft 19.03 Rods 6lxl6 
Max Clad Sur- Number of Part-Length 

128 face Temp, OF 654 Rods (PLR) 8xl6 
No. Coolant 

·Loops 2 

Compiled By: Fred Heddleson 
Data from FSAR. Date: May 1971 

-·---· .... - -
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P;ie>P 7 PWR 
Reactor:: Rancho Se co 

c. SAFETY-RELATED DESIGN CRITERIA 
-· 

Exclusion Distance, Mi. 0.4 rad. Design Winds in mph: 

Low Population Zone Dist., Mi. 4.7 At 0 - 50 ft elev 90 

MetroEolis Distance PoEulation 50 - 150 ft 105 
Sacramento 26 mi. 265,000 1969 

Design Basis Earthquake 
0.25 150 - 400 ft 125 

Accel., g 

Operating Basis Earthquake 
0.13 Tornado ---

Accel., G 

Earthquake Vertical Shock, 
68 t:.P = - psi/ - sec :% of Horizontal. 

·Is intent of 70 Design Criteria satisfied? Yes, Section 1.4 states that "principal 
safety features that meet each criterion are summarized. II 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 59 Internal Press, psig 52 
Max Leak Rate at 
Design Press, %/day 0.1 

T;t:Ee of Construction: A reinforced-concrete structure in the shape ·of a cylinder 
with a shallow domed roof and a flat foundation slab. The 3!.4" cylindrical° portion 
is prestressed by a post-tensioning system consisting of horizontal and vertical 
tendons. The dome has a three-way. post-tensioning system. The foundation slab is 
reinforced with conventional reinforcing steel. A 1/4" welded steel liner is 
attached to the inside face of the concrete shell to insure leaktightness. 

Design Basis: Designed for all credible load conditions including the 2 most 
critical conditions caused by the double-ended largest pipe break and an earth-
quake. Designed to sustain the initial effects of such without loss of integrity, 
and together with safety features to retain fission products as long as required 
to protect the public from consequences of le8ked radioactivity. 

Vacuum Relief CaEabili t;t: Designed for 2 psi differential. No reference found 
to vacuum relief valves. 

, 

Post-Construction Testing: A strength test will be run at 1.15 x design pressure, 
and held for 1 hr. Leakage rate tests shall be run at 59 psig for 24 hrs and then 
at about 26 psig. 

Penetrations: Electrical penetrations are·double sealed and testable. All 
other penetrations are single barrier uith most having a forged fluid head welded 
to the pipe and liner plate. 

Weld Channels: No reference found to weld channels. A vacuum box placed over 
seams is used for testing welds. 
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Pa2e 3 .. PWR 

Reactor: Rancho Se co 
D2. CONTAINMENT SAFETY FEATURES 

Containment S2raz: Sz:stem: Sprays borated water into the containment atmosphere to 

reduce post-accident temp and pressure; and reduce, by ~aOH additive, the level of 
fission products. System consists of 2 spray trains which are initiated, after a 

of 30 Cooling 
.. 

240xl06 5 minute delay, by containment pressure psig. capacity jg 

Btu/hr with both sprays operating (3000 gpm @ 175 psig) taking pump suction from 

the borated water storage tank, but later from the emergency sump. 

Containment Cooling: Consists of four 25% capacity cooling uni ts, each witn a 

cooling coil, sized for emergency service and a direc::-driven fan. Two units are 
equipped with activated charcoal filters for air cleanup and removal of fissjon 
products. All units operate under post-acci<lent conditions. Heat is rejected to 
the nuclear service cooling water system. Each unit can remove 60x106 Btu/hr. 
,..,,. ,...;,.,..,.iation is assisted bv four 25.000 cfm capacity upper dome distributors. 
Containment Isolation Sz:stem: Designed to minimize leakage ot radioactive materi-

als through pipes penetrating containment walls in event of a LOCA. Double bar-
rier protection is provided to insure that no single, credible failure or mal-
function shall result in loss of isolation. The installed double barriers tak.e 
the form of closed piping systems with isolation valves on both sides of contain-
ment wall. Isolation occurs on low reactor pressure or high containment pressure. 
Containment Air Filtration: Two of the emergency cooling units have charcoal 
filters - see above. The purge and exhaust has prefilters, HEPA, and charcoal 
filters. . 
Penetration Room: Yes, electrical penetrations at one level and containment 
penetration and valve area on another level. 

Organic-Iodide Filter: No J;eference fo1.1nd. 

Hydrogen Recombiner:. Hydrogen concentration does not reach control limit un t ! l 

770 hours after MCA. A purge of 16 cfn1 will then keep concentration at a S;] f' I· 

limit - see Aooendix 14C. 

03. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks each contain 7000 gallons of borated water under 
- +--· ···-~-·----
pressure of nitrogen gas at 600 psig. When pressure in tlte coolant system drops 
below 600 psig, two check valves, in series, open allowing tank contents to be 
injected into the reactor vessel. If no water remains in the vessel, con ten-ts 
of the 2 tanks will cover the core to the 3/4 point. 

H:i.gh-head Saf etl'. Injection: There are 3 makeup or Hi-pressure charging pur.ips, 
one of which can supply 500 gpm @ 600 psig to prevent core damage for small leaks 
or pipe breaks. SysteJJ is initiated by low reactor coolant system pressure ur 
high containment pressure. Pump suction is taken from the borated water storage 
tank. When continuous high-pressure.injection is required, decay heat removal 
pumps can supply water to the high-head pumps from the emergency sump. 

Low-head Safetz: Injection: Two of the decay heat removal system pumps take 
suction from the borated water storage tank and can jointly supply 6000 gpm @ 

100 psig to the reactor vessel. One pump operating is sufficient to maintain 
core cooring. When supply of borated water is exhausted, suction will be switchet 

.. over to the containment sump and water will then be pumped through decay heat re-
moval heat exchangers for cooling. 
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Pa2e 4 PWR 

Reactor: Rancho Se co 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces ,.. 

Core Cooling Capability -

Containment Floodabilit:t: -

ReactoL-Coolant Leak-Detection S:l'.'.stems: Leakage of coolant into. containment wil.L 

be detected by one or both of the.following. All leakage is collected in sumps. 

By monitoring the East D~cay Heat Removal Pump Room sump liquid level and frequency 

of operation, leakage can be estimated. If coolant leakage is suspected, a sample 

of leakage can be.obtained and.checked for radioactivity. Measu_rement of makeup 

tank level can provide an indication of leakage. Also, changes in containment 

radioactivity indicate leakage. 

Failed-Fuel-Detection S~stem.s: . No rererence rouna. 

Emergenc:l'.'. Power: Two quick-star~ing auxiliary diesel-generator units 
~onnected to the nuclear service buses. The nameplate rating of each 
auxil"iary generator is 2750 kW· at 0.8 power factor. 

Control of-Axial Xenon Osc"illations: 
BurnaJ;>le Shims - Boric acid in reactor coolant 

Part-Length Control Rods - Used for axial power shaping 

In-Core Instrumentation - There ·are 36 in-core detectors which readout in the 
control room. 

Unborated Water Control: The highest rate of dilution can be handled by the 
automatic control system, which inserts rods to maintain the power level and thus 
limit coolant temperature rise. If an interlock failure occurred while the reac-
tor was under manual control, these reactivity additions would cause a high reacto1 
coolant temperature trip or a high-pressure trip. In any event, the thermal power 
will not exceed the design overpower condition, and the system pressure will not 
exceed code allowable limits. Ther.efore, moderat-or dilution accidents wi.11 not 
cause dama2e to the reactor coolant svstem. 
Long Term Cooling Internal or External S:l'.'.stems: Accomplished by Decay Heat Re-

moval System which can circulate borated water which has collected in the contain-
ment sump. Tflis water will be.passed through system heat exchangers for cooling. 
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age , P 5 PWR 

Reactor: Rancho Se co 
F. · MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: A 200' high tower used to measure 
wind .speed and direction, and temperatures, record them on digital tape. 
Seismographs not mentioned. 

Plant 0Eerating Mode: Load following. 

S.ite Features: Located on a flat to rolling site in SE part of Sacramento County 
about 26 miles SE of Sacramento. Surrounding land is rolling. There is no major 
water source near the plant. Water for makeup will be pumped in from Folsom South 
Canal (Smiles). The surrounding land use is mostly for cattle grazing. Popula-
tion in a 2-mi radius is 93, 5 miles is 352. 

Turbine Orientation: Ejected turbine blades could strike containment structure. 
Centerlines ar.e ll8'-6" apart. 

Emergencl Plans: A set of Emergency Plan Procedures have been prepared that pro-
vi de complete details for responding to specific types of emergencies. These pro-
cedures also provide data, deta,ils and instructions, personnel assignments, names 
and numbers for emergency callout, criteria for evaluation, and other specific 
information which would be require<l <luring an emergency. 

Environmental Monitoring Plans_: Program measures and determines the environmental 
radioactivity level from station operation. Program divided into preoperational 
and operational phases. Preoperational phase measures natural radiation levels 
around the station, detects natural variances and trends in levels, and provides 
base data to which operational program levels can be compared. The same measure-
ments will continue in the operational phase. Sampling was started in Oct. 1970. 
Minor changes in sample collection and/or type of sample may be made in the opera-
tional phase as preoperational results become available. Sampling will cover air-
borne particulates, water, mud, silt, vegetation, soil, milk, fish, -and rabbits. 

Radwaste Treatment:·System collects, segregates, processes, and disposes of radio-
active solids, liquids, and gases in compliance with 10CFR20. Liquid and· solid 
wastes are ·processed in batches for off-site disposal. Gaseous waste released to 
the environment is monitored and discharged with suitable dilution. Gaseous waste 
system can store gas generated during operation. Decay tanks are periodically 
sampled, and released at rates consistent with environmental conditions. Most all 
of the liquid waste is processed for recycling through plant processes. Some is 
s§~~gRdH~l~hii!e. Plant vent is on top of containment. 
Waste Heat S;tstem: Two hyperbolic cooling towers will be used. Blowdown will 

be 13,000 gpm which will go into the Hadseville Creek. No informat.ion is given on 
flow qucintitie.s or r.:ondenBe.r. temperature rj.se. 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

RI:ACTOR NAME Rancho Seco Nuclear 

Generating Station Unit l 

THERMAL 

OUTPUT, MWt 2772 ----
NL:ARBY BODY OF WATER NONE 

TYPE OF NUCLEAR 

STEAM SYSTEM PWR ------
-----~-------

DOCKET NO. 50-312 ------
NORMAL LEVEL ____ (MSL) 

SIZE: OF SITE 2480 ACRES 

MAX PRO.B FLOOD LEVEL NA ( MSL) 

165 
SITE GRADE ELEVATION (MSL) ----- ----

TOPOGRAPHY OF SITE flat to Rolling 
--------------------------...,..-----~ 

OF SURROUNDING AREA (5 MI RAD) Rolling --------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 93 (1970) IN 5 MI RAD .. 352 (1970) ----
NEAREST CITY OF 50,000 POPULATION __ s_a_c_r_a_m_e_n_t_o_,_c_a_l_if ______ ....,. ______ __ 

DISTANCE FROM SITE 26 MILES POPULATION;265 ,OOO (1969 ) ----
LAND USE IN 5 MILE RADIUS Agricultural - grazing land 

CIRCULATING WATER SYSTEM. TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM ·folsom South. Canal ( 5 mi. E of site) FOR Makeup ___ ......... ____ ~ 
WATER .BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - r AVG - F 

RIVER FLOW 3450 (cfs) Folsom Canal*QUANTITY Of MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS (gpm) TEMPERATURE RISE - F 

*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit ------
COOLING TOWERS Two hyperbolic towers with 13 ,OOO gpm blowdown 

OTHER INFORMATION. If Folsom Canal is not complete, water will. then be secured 

from Lake Notoma on the American River 20 miles away. -

CALIFO~NlA 

./ 
<4°0 

NUCLEAR SAFETY INFORMATION CENTER 
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ARl~!SAS ONE, .1n-313 (PWR) Page l 

Project Name: Arkansas Nuclear One, Unit 1 Reactor: Arkansas One, Ill 
A-E: Bechtel Corporation 

Location: Pope Co., Ark. Vessel Vendor: Babcock & Wilcox 
Owner: Arkansas Power & Light Docket No.: 50-313 
NSS Vendor: Bab cock & Wilcox Containment Constructor: None specified. 

A. THER."1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2568 H20/U, 2.88 
HWt Cold 
Electrical Output, 880 Avg 1st-Cycle 14 ,400 
MWe Burnup. MWD/MTU 
Total Heat Output for 2568 First- Core Avg ---
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

8765 x iuG 
Maximum Burnup, 44,950 

Btu/hr MWD/MTU 
Sys tern Pressure, 

2200 
Region-! ---

psia Enrichment, % 
JJl~l:lK, Region 2 First cycle 
Nominal 2.0 Enridunenl, % avg. 2.62 
Total l''low rate, 

131. 3 x 106 Region-3 
lb/hr Enrichment, % ---
EU Flowrate tor 

124.2 x 106 keff, Cold, No 1. 237 Heat Trans lb/hr Power, Clean 
Eff Flow Area for keff • Hot, Full Power. 

1.109 Heat Trans, ft 2 49.19 Xe and Sm 
Avg Vel Along 

15.7 
Total Rod 11.1 Fuel Rods, ft/sec Worth, % 

Avg Mass Velocity Shutdown Boron, No 
1512 

lb/hr-ft 2 --- Rods, Clean, Cold, ppm 
Nominal Core 

554 
Shutdown Boron, No 

1553 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 

49.3 
Boron Worth, Hot, 1/100 

Core, OF % L'.lk/k/ppm 
Norn Hot Channel 

647.1 
Boron Worth, Cold. 1/75 Outlet Temp, OF % L'.lk/k/ppm 

Avg Film Coeff, 
5000 

Full Power Moderator (+0.28 to -J.U) 
Btu/hr ft 2

, OF Temo Coeff, 6k/k/°F x 10-4 

Avg Film Temp Moderator Press -3.0 x 10 I to 
Diff, OF 31 Coe ff, L'.lk/k/psi +3.0 " 10-6 
Active Heat Trans 

49,734 
Moderator Void Coeff ---

Surf Area, ft 2 L'.lk/k/% Void 
Avg Heat Flux, 

171,470 
Doppler Coefficient, (-1.1 to -1. 7) 

Btu/hr ft 2 6k/k/°F x 10-s 
Max Heat Flux 

534,440 
Shutdown ~ar.p.;jn, Hot 

1 Btu/hr ft 2 One Rod Stuck.% f'.lk/k 
Avg Thermal 

5.66 
Burnable Poisons, Al20rB4C in 

Output,_ k"?/ft Type and Form 1088 Zircalov-4 
Max Thermal 17.63 Number of Control 976 
Output, kw/ft Rods 61 x 16 
Max Clad Sur- 654 Number of Part-Length 128 
[ace Temp, OF Rods (PLR) 8 x 16 
No. Coolant 
Loops 

2 

Compiled By: Fred Heddleson 
Data from FSAR. Date: May 1971 

--· 
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p;oop 2 PWR 
Reactor: ·Arkansas One, Ill 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.65 rad. Design Winds in mph: 

Low Population Zone Dist.; Mi. 4.0 At 0 - 50 ft elev 
"The provisions in ASCE 

Metropolis Distance Population 
50 - 150 ft paper 3269 for gust fac-

Little Rock 57 mi. 136,000 (69) tors and variation of 
Design Basis Earthquake 150 - 400 ft wind velocity .with height 
Accel., g 0.20 do not apply" (p 5-3). 

Operating Basis Earthquake Tornado 300 mph tang. plus 60. trans. 
Accel., G 0.10 

Earthquake Vertical Shock, 
67 fjp = 3 psi/· 3 sec 

%'of·Horizontal 

Is intent of 70 Design Criteria satisfied? Section 1. 4 discusses the criteria 
items and how Arkansas One, Ill conforms· to their intent. 

-

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig 59 Internal Press, psig 53.1 
Max Leak Rate at 
Design Press, %/day 0.2 

T:t:pe of Construction: A fully continuous reinforced-concrete structure in the 
shape of a cylinder on a flat foundation slab with a shallow domed roof. The 
3'-9" cylindrical portion is prestressed by a post-tensioning system consisting 
of horizontal and vertical tendons .. The 3'-3" dome has a three-way post-tensioning 
system. The foundation slab is reinforced with high-strength reinforcing steel. 
A 1/4" thick welded steel liner is attached to the inside face of the concrete 
shell. 

Design Basis: Designed for all credible conditions of loading, including normal 
loads, LOCA loads, test .loads , thermal loads, earthquake loads, etc. The critical 
loads are caused by LOCA and earthquake. Designed to hold leakage to design limit 
after -LOCA. 

Vacuum Relief Capabi li t:t:: Designed for 2 1/2 psi vacuum. 

Post-Construction Testing: A pressure test will be conducted pneumatically at 
115% design pressure. Leakage rate test will be run at design pressure for 24 hrs. 
No leakage monitoring system is installed. 

Penetrations: Electrical penetrations are double sealed and individually testable. 
Other penetrations are single barrier. 

Weld Channels: Weld channels are installed at liner plate seams where liner 
plate is not accessible for inspection. 
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a11:e '-P 3 PWR 

Reactor: Arkansas One, /fl 

D2. CONTAINMENT SAFETY FEATURES 

Containment SEral'. System: After LOCA the system sprays a chemical solution into 
containment atmosphere to reduce the energy and to remove fission product iodine. 
System consists of 2 pumps (each rate<l 2000 gpm @ 150 psig), 2 spray headers, plus 
piping, valves, instruments, and controls. Sodium thiosulfate is supplied for 
iodine removal, and sodium hydrozide is included for pH adjustment of the borated 
water. Both spray paths have 100% heat removal and 200% iodine removal capacity. 

Containment Cooling: For normal operation, temp is held between 60F and 110F. 
Same units provide both normal and emergency cooling coils and a one-speed fan. 
For normal upl:!ration, chilled water is circulated through 3 units. In emergency 
cooling, 4 units operate with heat rejected to the service water system.· Each 
unit can remove 60 x. 106 Btu/hr under peak temp conditions. 

Containment Isolation System: Leakage through all fluid penetrations not serv·-
ing accident-consequences-limiting system is minimized by a double barrier so that 
no single, credible failure or malfunction results in a loss-of-isolation or in-
tolerable leakage. The installed double barriers are isolation valves both inside 
and outside the reactor. 

Containment Air Filtration: Purge system supply passes through roughing filter 
and heater. Exhaust is prefiltered and then passed through an absolute filter. 

~ 

Penetration Room: Electrical penetration room at elev 386' and piping penetra-
tion rooms at elev 360' . 

Organic-Iodide Filter: No reference found. 

Hydrogen Recomhi.ner: No reference to hydrogen handling could be found. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each containing 7000 gallons of borated water under 
600 psig pressure wil.l release their contents automatically when system pressure 
drops below 600 psig. Two check valves, in series, are the only working parts. 
The contents are discharged into the reactor vessel to flood the core and prevent 
fuel damage. 

High-head SafE!L,Z'. Injection: A part of the makeup and purification system, two of 
the 3 charging pumps have capacity to replace coolant lost by small leaks. Suction 
is taken from the borated water storage tank. Initiated by low reactor coolant 
system prl:!ssure or high containment pressure, each pump can deliver about 450 gpm 
@ 2000 psig. 

Lnw-hP.;irl Safety lnjlilction: Two pumps anu 2 hl:!at exchangers Of the decay heat 
removal system can inject borated water from the Loratl:!tl water storage tank to 
flood the core. Initiated by low coolant system pressure or high containment pr.es-
sure, both pumps can deliver about 6000 gpm @ 100 psig. 
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a2e . P 4 PWR 

Reactor: Arkansas One, Ill 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vess.el Failure: No reference found. 
Mis.sile & Reactor Forces -

' 
Core Cooling CaEabilit~ -

' 

Containment Floodabilit~ -

Reactor-Coolant Leak-Detection S~stems: Changes in reactor building sump water 
level ·are an indication of total leakage. . The level alarms (computer) and read-
out are lo'cated in the control room. Makeup, as a result of leakage, is initially 
supplied from the makeup tank inventory. Monitoring of the makeup tank level will 
provide a·direct indication of leakage. Changes in leakage rate into containment 
may cause changes in control room indication of reactor building atmosphere gas 
radioactivities. 

Failed-Fuel-Detection S;}'.stems: No reference found. 

Emergenc;}'. Power: Two diesel generators are provided, orie connected to each 4160 
volt ·Engineered Safeguard Bus. Each diesel generator is rated 4160 volts, 2750 kW 
continuous with a maximum rated starting time of 15 seconds from admission of 
starting air to rated voltage and frequency. The rating of each diesel generator 
is sufficient to carry the Engineered Safeguard Bus loads for the DBA and still 
drive the turbine emergency oil pump, turbine turning gear and additional motor 
operated valves .. 

Control of Axial Xenon Oscillations: 
Ilurnab le ShimG - Alz03-B4C in Z.l.rc<1ll'.'ly-li t11bP.S 

Part-Length Control Rods - Yes, 16 assemblies. 

In-Core Instrumentation -

Unborated Water Control: Flow·of dilution water to makeup-tank must be initiated 
by operator. Addition valve can be opened only when control rods are withdrawn to 
a preset position and. timing device to limit integrated flow has been set. Dilu-
tion water is added at low rates. Flow of dilution water is automatically stopoed 
by the timer. During dilution, warning lights show on the control console. 
These factors preclude a serious accident. 

Long-Term Cooling - Internal or External sxstems: Accomplished by continued 
recirculation of borated water that collects in the sump when there has been a 
pipe break. For shut down, same system, Decay Heat Removal System, can circu-
late coolant and cool it in decay heat removal heat exchangers. 
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P 5 PWR a~e • 
Reactor: Arkansas One, Ill 

F. MISCELLANEOUS 

Winds peed, Direction Recorders, and Seismographs·: A 190 ft tower measures wind-
speed, direction,- temperatures, ana precipitation. Sensor outputs are recorded. 
Data from this tower and a lower tower has been collected for over 2 years. Two 
triaxial strong-motion ac·celerographs will be mounted on the outside surface·· of 
the reactor building wall. 
Plant 0Eerating Mode: Load Following. 

S.i te Features : Plant is located on a peninsula Jutting out into the waters or 

Dardanelle Reservoir on the Arkansas River. The site consists of 1100 acres with 
the iuune~iate plant site being flat (site grade 353 ft MSL) and surrounding area 
being hilly and mostly wooded. The Dardanelle Reservoir covers 37,000 acres and 
is owned by the U.S. Government. About 3700 people live in a 5 mile radius of 
the plant. I-40 runs by about 1 1/2 miles from the site. 

Turbine Orientation: Ejected turbine blades could strike containment .. Center-
lines are 184 ft apart. 

·Emergencl Plans: A plan is being developed which will cover fires, injury and 
illness, radiation and contamination accidents and other conditions that may arise 
from.nuclear or non-nuclear accidents. Outside agencies.such as State Police, 
local fire departments; State Welfare Department, and others will be directed by 
the State Department of Health to control off-site emergencies. 

' 
Environmental Monitoring Plans: First objective is to determine existing levels 

of background radioactivity before radioactive materials are delivered to site. 
This work will start one year before fuel delivery. During this preoperational 
program, procedures will be established. The second objective is to.determine the 
effect of plant releases. Samples will be taken of the air environment, water, and 
land environments. The program will be flexible to allow for needed changes. 

Radwaste Trt!atment: Liquid wastes are collected, processed, and reprocessed if 
necessary and then releaRf':d tn thP o:l:!.icparse oanal at: 11 eontrullt!J Lalt!. Gaseous 
wastes are diluted and discharged through ·HEPA filters to the station vent, or if 
high in activity, they are diverted to holdup tanks for decay and then released 
through filters. Solid wastes are collected, prepared for offsite disposal and 
stored until a suitable shipment is on hand, 

I 

Stack Height - Could not determine. 

Waste Heat Slstem: A once-through cooling system is used taking water from the 
Dardanelle Reservoir. About 765,000 gpm is used for unit Ill. The 112 unit 
adjacent to Ill will use a cooling tower for heat reject.ion. 
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UTILITY Arkansas Power & Light Co. l\EACTOR NAME Arkansas Nuclear One, Unit 

THERMAL TYPE or NUCI..£AR DOCKET NO. 50•313 

OUTPUT, MWt 2568 STEAM SYSTEM PWR 

NI:ARBY BODY or WATER Dardanelle Reservoir NORMAL LEVI.:L 338 1 (MSL) 
of the Arkansas River MAX PROB FLOOD LEVI:L 361' (MSL) 

SIZE or SITE 1100 ACRES SITE GRADE ELEVATION 353 1 (MSL) 

TOPOGRAPHY or SITE Flat 
~----------------------------------~ or SURROUNDING AREA (5 MI RAD) Hilly 

~--"'------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 678 (1967 ) IN 5 MI RAD 3738 (1957 } 

NEAREST CITY OF 50,000 POPULATION Little Rock, Arkansas -------------------------------DISTANCE FROM SITE 57 MILES POPULATION 136 ,OUO 0.969 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM~O_n_c_e __ T_h_r_o_u~gl_1 _________________ _ 

WATER TAKEN FROM Dardan~lle Reservoir FOR Condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F 

RIVER FLOW 4o ,000 (cfs) avg. *QUANTITY OF MAKEUP WATER (gpm) 

>'•TOTAL FLOW THROUGH CONDENSERS 765 ,000 (gpm) TEMPERATURE RISE 15 F 

*HEAT REMOVAL CAPACITY or CONDENSERS (Btu/hr) '''Per Unit --------
COOLING TOWERS Unit 2 has cooiing towers 

NUCLEAR SAFETY INFORMATION CENTER 
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DONALD C. COOK, 50-315 & 50-316 (PWR) Page .l 

Project Name: Donald c. Cook Nuclear Plant 1 & 2 Reactor: Cook 
A-E: American Electric Power 

Location: Berrien Co. , _Michigan Vessel Vendor: Westinghouse 
Owner·: Indiana & Michigan Electric Co. Docket No.: 50-315, 50-316 
NSS Vendor: Westinghouse Containment Constructor: AEP 

A. THER..'1AL-HYDRAULIC B. NUCLEAR -
Thermal Output, 

3250 H20/U, 4.09 MWt I.old 
Electrical Output, 

1090 
·Avg 1st-Cycle 14,000 

MWe Burnup. MWD/MTU 
Total Heat Output for 

3391 
First Core Avg 21,800 (T 1. 2-1) 

Safety Design, MWt Burnup, MWD/MTU 33,500(p3.2.3-24) 
Total Heat Output, 11,090 x 106 Maximum Rurnup, 50,000 
Btu/hr Mlm/MTU 
System Pressure, 

2250 Region-1 2.25 
psia Enrichment, % 
DNHR, 

1.97 Region-2 :2.80 
Nominal Enrichment, % 
Total Flow rate, 135.6 x 10° Region-J 3.30 
lb/hr . Enrichment, % 
·~rt Flowrate for 129.5 x 106 keff, Cold, No 1.183 
Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 

51.4 keff•·Hot, Full Power 1.092 
He.at Trans, ft 2 Xe and Sm 
Avg Vel Along 15.5 Total Rod BOL 8.15 
Fuel Rods, ft/sec Worth, % EOL 7 .96 
Avg Mass Velocity 

2.5 x 106 Shutdown Boron, No 
1408 lh/hr-ft 2 Rods, Clean, Cold, ppm 

Nominal Core Shutdown Boron, No 1265 Inlet Temp, OF 536. 3 Rods, Clean, Hot, ppm 
Avg Rise in 

65.7 
Boron Worth, Hot, 

1% / 85 ppm 
Core, OF % llk/k/ppm 
Norn Hot Channel 

667.5 
Boron Worth, Cold, 1%/70 ppm 

Outlet Temp, OF % llk/k/ppm 
Avg Film Coeff, 

5850 
Full Power Moderator ~-0.3 to-3. 2) 

Btu/hr ft 2, °F Temp Coeff, flk/k/°F x lo-4 
Avg Film Temp Moderator Press (+0.3 to +4.0) 
Diff, OF 35.4 Coeff, llk/ k/.p3 i X 10-6 
Active . Hea t·-Trans Moderator Void Coeff (-0.1 to -0.8) 
Surf Area, ft 2 52,200 llk/k/% Void : v in-5 
Avg Heat Flux, 

207,900 
Doppler Coeffic~ent, (-1.0 to -1. 7) 

Btu/hr ft 2 flk/k/°F v ·1rl-'> 

Max Heat r'lux Shutdown !-iargin, Hot 
Btu/hr ft?. 579,600 One Rod Stuck % llk/k 1 

Avg Thermal Burnable Poisons, ·Borosilicate in 
.Output, kw/ft 6.7 Type and Form SST tubes 
Max Thermal Number of Control 
Output, kw/ft 18.8 Rods 53 x 20 1060 .............. 
M::ix Clad Sur- Ntunber of Part-Length 
face Temp, OF 657 Rods (PLR) 8 x· 20 160 
No. Coolant 
Loops 4 

Data from FSAR Compi~ec! By: Fred Heddleson 
Date: April 1971 
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P;ioe 2 PWR 
Reactor: Cook 

c. SAFETY-RELATED DESIGN CRITERIA 

~xclusion Distance, Mi. 0.38 Design Winds in !!!_Eh: 

Low Population Zone Dist., Mi. 2.0 At 0 - 50 ft elev 90 sust;ained 

MetroEolis Distance PoEulation 50 - 150 ft 115 II 

Design Basis Earthquake 
0.20 150 - 400 ft 145 II 

Accel., g 

Operating Basis Earthquake 
0.10 Tornado 300 mph tang. + 60 trans. Accel., G 

Earthquake Vertical Shock, 
67 6P = 3 psi/ 3 sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes, Sect. 1.4 states that "plant has 
been designed to comply with applicant's understanding of the intent of criteria." 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT ' 

Design Press, Calculated Max 
psig 12 Internal Press, psig 12 

Max Leak Rate at 
Design Press, %/day 0.25 

TlEe of Construction: Ice condenser containment is a domed, steel-lined, re-
inforced concrete cylinder anchored to a reinforced concrete foundation slab. 
Interior divided into 3 compartments - the lower or reactor compartment, the·ice 
condenser compartment, and the upper compartment which accouunodates air displaced 
from the other· two in case of accident. 

Design Basis: Designed to withstand the internal pressures and temperatures 
accompanying a LOCA with leakage limitetl to the design value given above. Struc-
ture designed to maintain full integrity during earthquakes or tornados, The ice 
condenser design intended to hold LOCA induced temp and pressure to lower levels. 

Vaculllll Relief CaEabilitl: Designed for 2 psi vacuum. 

Post-Construction Testing: Will be pressure tested at 115 percent of design 
pressure for one hour. Leakage rate test will be run at 12 psig and periodically, 
thereafter. 

Penetrations: Designed with double seals (p 1.4-15) 

Weld Channels: All containment welds are backed by a steel channel (p 1.4-15) 
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p 3 a11e • PWR 

Reactor: Cook 
. D2. CONTAINMENT SAFETY FEATURES 

Containment SErax sxstem: Primary function is to spray water into the containment 
space in event of LOCA, to limit pressure buildup. Second purpose is to remove 
i.odine isotopes from the atmosphere. Two independent systems are provided, each 
containing a pump, spray headers in upper and lower compartment delivering 2000 gpm 
to upper and 900 gpm to lower. 

Containment Cooling: Each compartment has its own system maintaining temp below 
120 F in lower compartment and below 100 F in the upper compartment. Upper ·com-
partment has 4 fan-coil units each handling 25,000 cfm. The lower compartment has 
4 units each rated 72,000 cfm. Other booster fans help to cool lower compartment. 

Containment Isolation Sxstem: Incorporates valves and controls on piping systems 
penetrating containment. These valves provide two barriers between containment 
atmosphere and the environment. System designed so failure of one valve to close 
will not prevent isolation, and no manual operation is required for immediate iso-
lat ion. Automatic isolation is initiated by a containment isolation signal. 

Containment Air Filtration: Two 8000 cfm fan-filter units remove air and pass it 
through HEPA and charcoal filter~. Auxiliary charcoal filters are available if 
activity level is high. 

Penetration Room: No reference found 

Organic-Iodide Filter: None mentioned 

Hydrogen Recombiner: Hydrogen pocketing is prevented by drawing air out of 
spaces where hydrogen buildup could occur. 

D3. SAFETY ·INJECTION SYSTEMS 

Accumulator Tanks: Four tanks each containing 6400 gallons of borated water 
under nitrogen gas pressure will automatically force their contents into each of 
4 cold legs of reactor when coolant system pressure drops below 600 psig. Three of 
units can adequately flood the core to prevent fuel melting. 

High-head Safet~ Injection: Two charging pumps inject borated water into the 
cold legs when pressure first begins to drop. Suction is taken from the refueling 
water storage tank, however concentrated boric acid is in,1 ected from another tank. 
Pumps are rated 150 gpm at ?800 psig. 

Low-head Saf etx Injection: Two pumps each rated at 4000 gpm at 170 psig flood 
the core when pressure drops below 170 psig. Suction is first taken from the 
refueling water storage tank. When water in this tank is exhausted, the recircu-
lation !Jhase starts and water is then pumped from the containment sump. 
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P 4 PWR age 

Reactor: Cook 
E . OTHER SAFETY~RELATED FEATURES 

. Reactor Vessel Failure: No reference found 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilitx -

Reactor-Coolant Leak-Detection Sxstems: Containment c~mpartment is monitored for 
air activeity and humidity which will indicate leakage. Basic criteria is de-
tection of change from normal conditions including air particulate activity, 
radio gas activity, humidity, and in addition liquid inventory in the sump which 
indicates gross leakage. 

Failed-Fuel-Detection S~stems: Currently performed by periodic analysis of 
coolant samples for activity. A research program is underway at Ginna to evaluate 
instrumentation for prompt detection of fuel failure using delayed neutrons. 

Emergencx Power: . Two diesel-generator sets are available for each reactor unit. 
Each generator has sufficient capacity to operate a.11 equipment necessary for one 
unit safety features following LOCA. 

• 

Control of Axial Xenon Oscillations: 
Burnable Shims - Borosilicate in SST rods. Roas will be fixed in first core 

to reduce concentrations of hnr:i.c acid required. 

Part-Length Control Rods - 8 assemblies can be inserted into the core to 
control axial power distribution. -

In-Core Instrumentation - Fixed·in-core neutron detectors will be used for 
monitoring power dist.ri.bution in the core. 

Unbor8. ted Water Control: The Chemical and Volume Control System is designed to 
limit, even under various postulated failure modes, the potential 1·ate of 
dilution to a value which, after indication through alarms and instrumentation, 
provides the operator sufficient time to correct the situation in a safe and 
orderly manner. 

Long-Term Coolin~ - Internal or External S~stems: Injection pumps taking 
suction from the containment sump can perform long-term cooling by u_si·ng the 
residual heat removal .heat exchangers to remove heat from the circulated water. 
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Page 5, PWR 

Reactor: Cook 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and Seismo~ra2hs: A 200 ft high tower and 
meteorological station was installed on site in 1966 and has been recording data 
since then. Seismographs not mentioned. 

Plant 0Eerating Mode: Load following. 

~ite Features: Plant is located on a 650 acre site on the eastern shore of Lake 
Michigan 11 mi. SW of Benton Harbor. . Site grade is 60B which is about 20 ft 
above max. flooding. Populations expected in 1980 will be 1100 in 2 mi radius 
and 8700 in 5 mi radius. Land use is mostly agricultural. The site is rolling 
sand dunes. Interstate 94 has right-of-way through the eastern side of the site 

Turbine Orientation·: Ejected turbine blades could strike contairunent struci;ure. 
Center lines are approximately 250 ft apart. 

Emergenc:i:i: Plans: Procedures.provide necessary prearrangement and organization to 
deal with any foreseeable emergency. Plant is designed so no credible nuclear 
accident would create undue hazard to the public . . However, organization for 
emergency action is prearranged. All personnel are thoroughly familiar with 
the emergency plan, and practice drills are held for training. 

Environmental Monitoring Plans: 
An environmental radiation monitoring program formulated for the site and 
the surrounding area has been initiated and data collection will start prior 
to plant operation. The intensity of the survey and the number and type of 
samples collected depends on the magnitude of radioactive release from the 
plant. 

Radwaste Treatment: Liquid wastes are collected, monitored, and condensed or 
demineral~zed as necessary. Treated water from demin. or evaporator will be 
recycled for J:Jl1:1.n L w;1: ur· wlll lie uli:;c:harged via the condenser water discharge. 
Solid wastes, including evaporator concentrates and spent demin. resins are 
drummed and shipped off-site for disposal. Gaseous wastes are c6llected and held 
for radioactive decay before release thru plant vent. Discharges of all wastes 
to the environment is controlled to keep off-site dose within 10CFR20 limits. 

Stack Height - Plant vent located on top of containment structure. 

Waste Heat S:i:i:stem: A once through system is used taking water from Lake Michigan 
thru 3 cribs 2250 ft from shore in 25 ft deep water. Discharge back to lake is 
1250 ft from shore line. A total of 1,600,000 gpm is circulated for both units 
(about 800,000 gpm for each) with a temperature rise of 21F. About 8,000 gpm is 
used for auxiliaries . 

.. 
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Page n 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

RLACTOR NAME Donald C, Cook Nuclear 

Nuclear Plant, Units l & 2 

TllERMAL TYPE or NUCLEAR DOCKET NO, 50-315 

.OUTPUT, MWt 3250 STEAM SYSTEM PWR 50-316 

NEARBY BODY or WATER Lake Michigan (eastern NORMAL LEVEL 580' (MSL) 
shore) 11 miles SW Benton Harbor MAX PROB FLOOD LEVEL 591' (MSL) 

SIZE or SITE 650 ACRES SITE GRADE ELEVATIOI< 608' (MSL) 

. TOPOGRAPHY OF SITE_ ... A_s_t_r_ip,__o_f_s_a_n_d_d_u_n_e_s_l_i_· n_e_t_h_e_b_e_a_ch_-_R_o_l_l_i_n""g ______ _ 

OF SURROUNDING AREA (5 MI RAD) Flat to Rolling --------------------------
IN 5 MI RAD 8671 (1180) TOTAL PERMANENT POPULATION IN 2 MI RAD 1096 (1980) 

.NEAREST CITY OF 50,000 POPULATION South Bend, Indiana 
---------------------~ DISTANCE FROM SITE 26 MILES POPULATION 133,770 (196'.i) 

LAND USE IN 5 MILE RADIUS Agricultural & Wooded -------------------------------
CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through -------------------WATER TAKEN FROM Lake Michigan FOR Con.denser Cooling -------------------WATER BODY TEMPERATURES - W-INTER AVG 34 F SUMMER AVG 74 F AVG 54 F 

RIVER FLOW **QUANTITY OF MAKEUP WATER :': 8000 (gpm) 

>'<>'•TOTAL FLOW THROUGH CONDENSERS 800 ,000 (gpm) TEMPERATURE RISE 21 F 

,.,,.,HEAT REMOVAL- CAPACITY OF CONDENSERS (Btu/hr) ,., Misc uses 
------ ,.,,., Per Unit 

COOLING TOWERS __ N_on_e----------------------------~ 
OTH£R INFORMATION __ I_n_ta_k_e_t_h_r_u __ 3_c_r_i_b_s_2_2_5_o_'_f_r_o_m_sh_o_r_e_i_n__.2 ... 5_' __ d-ee_p..._w.a~t~e_r_,...,..aMn .... d 
disch.ar is 1250 1 from shoreline. Three 16 1 dia pipes used for intake'(both units 

DoNA.!,.O C. COOK 

"E'llT 

NUCLEAR SAFETY INFORMATION CENTER 
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CALVERT CLIFFS, 50-3.17 & 50-318 (PWR) Page 1 

Project Name: Calver_t Cliffs N\lclear· Power Plant Reactor: Calvert Cliffs 
Units 1 and 2 A-E: Bechtel 

Location: Calvert Co., Maryland Vessel Vendor: Combustion Engineering 
Owner: Baltimore Gas & Electric Docket No.: 50-317, 50-318 
NSS Vendor:Combustion Engineering Containment Constructor:Not specified. 

A .. THER..'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2570 H20/U, 1.63 MWt Cold 
Electrical Output, 875 Avg 1st-Cycle 

13 '775 MWe Burnup MWD/MTU 
Total Heat Output for 2700 First Co.re Avg 22,550 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8737 x 10° Maximum Burnup, 50,000 Btu/hr MWD/MTU 
System Pressure, 

2200 
Region-1 2.09 psia Enrichment, % 

UNlH(, 
2.18 

Region-2 2.51 
Nominal Enrichment, % 
Total Flow rate, 

122 x 106 Region-3 2.99 
lb/hr Enrichment, % 
Eff Flowrate for 

117.5 x 106 keff, Cold, No 1.169 
Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 

53.2 keff • Hot, Full Power 1.081 
Heat·Trans, ft 2 Xe and Sm 
Avg Vel Along 

13.6 
Total Rod ·11.3 Hot 

Fuel Rods, ft/sec Wnrth, % 8.5 Cold 
Avg Mass Velocity 

2.20 x 106 Shutdown Boron, No 985 
lb/hr-ft2 Rods, Clean, Cold, ppm 
Nominal Core 

543.4 
Shutdown Boron, No 991 

Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 

54 
Boron Worth, Hot, 87 

Core, OF % l'ik/k/ppm 
Nom Hot Channel 

643 
Boron Worth, Cold, 70 

Outlet Temp, OF % l'ik/k/ppm 
Avg Film Coeff, 

5240 
Full Power Moderator (-0. 32 to -1.Yb) 

Btu/hr ft 2, OF Temp Coeff, f'ik/k/°F x :i.o-4 
Avg Film Temp 

33.5 
Moderator Press (+0.65 to +L.3Y) 

Diff,. °F Coeff, 6k/k/psi x J.o-6 
Active Heat Trans 

48,400 
Moder.ator Void coeff (-0.41 to -1.43) 

Surf Area, ft 2 /'ik/k/% Void x lo-3 
Avg Heat Flux, 

176,000 
Doppler Coefficient, (-1. 46 to -1.02) 

Btu/hr ft 2 f'ik/k/°F x 10:--S 
Max Heat Flux 

527,900 
Shutdown ~argin, Hot 2.0 2.4 

Btu/hr ft 2 One Rod Stuck % l'ik/k 
to 

Avg .Thermal 
5.94 

Burnable Poisons, Boron Carbide in 
Output, kw/ft Type and Form .Alumina Pellets 
M.:ix Thermal 

17.8 
Number of Control 

385 Output; kw/ft Rods 77 x 5 
Max C::lad Sur-

657 
N1.1mber of Part· Length 40 

tace Temp, OF Rods (PLR) 8 x 5 
No. Coolant j 
Loops 

Compiled By: Fred Heddleson 
Data from FSAR Date: April 1971 
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P.<10<> 2. PWR 
Reactor: Calvert Cliffs 

-c. SAFETY-RELAT~D DESIGN CRITERIA 

Exclusion Distance, Mi. 0.67 rad. ' -Design Winds in ·mph: 

Low Population Zone Dist., -Mi. --- At 0 - 50 ft elev 
Could not 

MetroEolis · Distance PoEulation 50 - 150 ft find. values. 
Washington, D.C. 45 mi 
Design Basis Earthquake 150 - 400 ft 
Accel ~, g 0.15 

Operating Basis Earthquake Tornado 
Accel., G 0.08 

Earthquake Vertical Shock, L'iP = psi/ sec 
% of Horizontal 67 

.Is inte.nt of 70 Design-Criteria satisfied?. Yes. Appendix 1A states that "Design 
and construction has proceeded based up·on the intent of these criteria. " 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Pre~s, 50 
Calculated· Ma~ 

48.5 ps.ig. Internal Press, psig 
Max Leak Rate at 0.33 
Design_ Press, %/day 

T:z'.Ee of Construction: Post-tensioned reinforced concrete cylinder and dome 
connected.to and supported by a massive reinforced concrete foundation with the 
entire interior lined with 1/4-in. thick welded steel plate. 

' 

Design Basis: Designed to limit release of radioactivity in case of LOCA. Design 
based upon operati_on of Engine.ered Safety Features to help ".mitigate an accident. 

' 
•. 

Vacuum Relief CaEabili t::t: Designed for 3 psi vacuum. Vacuum breakers are not 
provided. 

Post-Construction-Testing: Will be pressure tes.ted at 115% of design pressure. 
Leakage rate tests ·will. be run at 50% and·l00% of-design pressure. No leakage 
monitoring system is provided. 

Penetrations: All penetrations are single sealed· and not practical for 
individual testing. 

Weld Channels: Not used. Welds will be tested with a small vacuum box. 
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Pa~e 3·. PWR 

Reactor: Calvert Cliffs 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Removes heat by spraying cool.borated water through 
the containment atmosphere. Heat is transferred to the component cooling system 
through the shutdown heat exchangers. Two pumps supply 1400 gpm at 160 psig. 

Containment Cooling: Four fan-coil cooling units use service water in coils to 
cool containment air. Three units are used normally ~ith one in standby. Max 
temp is limited to 120F. A 100 hp motor circulates 110,000 cfm for 2.27 x 106 

Btu/hr heat removal. 

Containment Isolation System: Leakage through all fluid penetrations not serving 
engineered safety features is minimized by double barrier .isolation valves. Isola 
tion-occurs on a signal of 4 psig in containment structure. Valves which isolate 
penetrations directly open to the containment structure, such.as the purge valves 
and sump drain valves, will also be automatically closed ori an isolation signal. 

Conta~runent Air Filtration: Air passed through HEPA filters and charcoal filters.· 

Penetration Room: Yes, there is, with an appropriate ventilation system. 

Organic-Iodide Filter: None mentioned. 

Hydrogen Recombiner: NO reference found. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks each holding 7500 gallons will ,dump borated water 
into each of the 4 reactor vessel inlet pipes. Operation is automatic when 
pressure drops below 200 psig. 

High-head Safety Injection: Three pumps can each deliver 350 gpm at 1750 psig to 
make up water loss through small leaks. Suction is first taken from refueling 
water tank (borated) ·aad when this supply is about exhausted, from the containment 
sump. 

Low-head Safety Injection: Two pumps each with capacity of 3000 gpm at 500 psig. 
These pumps can reflood the core when pressure in system has dropped to their 
operating limits. Suction is first taken from refueling water storage tank 
(borated) . 
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Pa2e 4. PWR 

Reactor: Calverts Cliffs 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability ~ 

Reactor-Coolant Leak-Detection Systems: Detected by increased pressure and 
temperature in containment, monitoring containment sump, increased airborne 
activity, monitoring service-water temperatures, pressurizer level, and sensors 
on relief valves. Leakage at reactor vessel head closure can be indicated by 
pressure rise between double o-ring seals. 

Failed-Fuel-Detection Systems.: Detectors will be used which allow less than 
5 mi.nutes time for detec~ion of fission products after fuel rod rupture. 

Emergency Power: Three 2500 kW diesel-generator sets provide independent sources 
of emergency power. Two generators have capacity to operate all essential 
amciliaries for one reactor under LOCA conditions and safely shut down the other 
reactor. Each unit has a day tank good for about 20 hrs of operation and a 
storage tank has f~el capacity for 16 days with all three units operating at 
full power. 

Control of Axial Xenon Oscillations: 
Burnab]~._SJ:i.~-~.s - Yes 

Part-Length Control Rods - Yes 

In-Core Instrumentation - Yes, for evaluating gross core power distribution. 

Unborated Water Control:. The·probability of erroneous dilution is very .small 
because of controls and procedures provided. If dilution should occur, alarms 
will alert operator so there is. plenty of time for corrective action. 

Long~Term Cooling - Internal or External Systems: Shutdown cooling heat
exc4angers in operation with containment' spray pumps provide long term 
cooling capabilities. 

·-' 
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age 
' 

P 5 PWR 

Reactor: Calver ts Cliffs 
F. MISCELLANEOUS 

Windspeed, Direction Recorders, and Seismographs: Three inland stations were set 

up as well as a station on Calvert Clirrs. wino data and temperatures were ob-
tained. Seismographs not mentioned. 

Plant 0Eerating Mode: Load Following 

S_i te Features: Located on west side of Chesapeake Bay on 1135 acres along Calvert 
Cliffs. Topography is rolling. Site grade is 45'' well above any flood hazard. 
The surrounding land is used mostly for agriculture and remaining land is wooded. 
With a 2-mi radius there are 1461 inhabitants; in 5-mi radius there are 4376. 
Calvert Cliffs State Park is 2 1/2 miles south of plant site. 

Turbine Orientation: Ejected turoine blades could striKe containment. Ke actor 
ana turbine centerlines are about 230 ft apart. 

Emergencl P laris: Describes immediate and followup action to be taken by plant 
personnel to minimize exposure of persons to radiation from an accidental release 
of radioactivity. Organization and responsibilities are delineated. State 
Police, local·sheriff, Coast Guard, AEC, etc., will be notified and asked for 
assistance as needed. 

Environmental Monitoring Plans: Objectives of program are to establish pre-
operational levels of radioactivity in the plant environment to verify adequacy of 
control of radioactive releases. Sampling is being conducted to determine these 
values. The factors considered in development of this program include review of 
plant environment, review of the rad waste systems, evaluation of nuclides anti-
cipated in normal discharges, and those vectors in the environment that could 
transport radioactivity from its source to man. 

Radwaste Treatment: Liquid wastes are collected and processed by degassing, ion 
exchangers, and evaporators. If level is then low enough, the effluent will be 
released to the cooling tower blowdown discharge to the river. Max annual dis-
charge .is 1375 curies. Gaseous waste is collected, held for decay and released 
through the plant vent whtm activity is low enough. Max annual discharge is 8215 
curies/yr. Solid wastes are shipped offsite for disposal. 

Stack Height - Not given. 

Waste Heat S;}'.stem: A once-through cooling .system will be used taking water from 
Chesapeak Bay. Intake will draw in deep, cool water from 560 feet out in bay. 
Water will be discharged 850 ft from shore. Condenser cooling water will be 
1,200,000 gpm per unit having !OF temp rise whi.c:li •vill hold discharge temp below 
90F. 
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Pa e f. 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

RI:ACTOR NAME Calvert Cliffs Nuclear 

Power Plant Units 1 & 2 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 50-317 ------
------OUTPUT, MWt -----2570 50-318 

N~ARBY BODY OF WATER Chesapeake Bay (west side) NORMAL LEVEL 0 ( MSL) ----
MAX PROB FLOOD LEVEL 28' (MSL) 

SIZE or SITE 1135 ACRES SITE GRADE ELEVATIOJl 45' (MSL) 

Rolling (from sea leve·l to 137' ) 

or SURROUNDING AREA (5 MI RAD) Rollin 
_ .................. .._ ______________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 1461 (1965) IN 5 MI RAD 4376 (1965 ) 
NEAREST CITY OF 50,000 POPULATION_W_a_s_h_i_n~g~t•o-n~1_...D_.c __ • ___________________ __ 

DISTANCE FROM SITE 45 MILES POPULATION 764 ,000 U969 ) 

LAND USE IN 5 MILE RADIUS Agricultural and Wooded 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM_on ... c_e_t_h_r_o ... u..,g ... h ____________ _ 

WATER TAKEN FROM C~esapeake Bay 
-~-------------------------

FOR Condeasei- Cooling 

WATER BODY TEMPERATURES - WINTER AVG r SUMMER AVG 85 F AVG - F 

RIVER FLOW NA ( cfs) avg. M'QUANTITY OF MAKE.UP WATER '" 62 ,000 ( gpm) 

"'"'TOTAL FLOW THROUGH CONDENSERS 1 ,200 ,ooo (gpm) TEMPERATURE RISE 10 F 

'"•'•HEAT REMOVAL CAPACITY OF CONDENSERS 5900 X 106 (Btu/hr) ,., Misc. heat exchange 
,.,,., Per Unit COOLING TOWERS ___ N_on_e ____________________________________ ___ 

. OTHER INFORMATION Discharge temp will be less than 90F even in summer. .iJischarge 

is 85.D ft out in Bay. Intake draws deep cool water from 560 ft out. 

····~·--··7-:-·· . .. -:-.··::: .. .. .. . ... · .. ·--· .......... . 

-.. -. 
. .$TA Tc Rr II.< SI> 

-·~·· --···~·-- -··· ··----········-·- . ---- ·-
. . . \,..1 A L L \I I I.. l. E. __ 

d,c1JLTURA1.. -o···-._.,:. -- . "- Di;; _. ... - . 
. f>.U v.JOo ~>---.. ... 

_:-a. ..... ---- -

----.-~S T:_:Al:.:Te.. RT ~ 2. L lf"'I-____ .-~---·---······-·--..,----.:,-.-
'--...._ ... __ 

NUCLEAR SAFETY INFORMATION CENTER 

.. 
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BELL· STATION, 5P-319 (BWR) Page ] 

Project Name: Bell Station 

Location: Cayugalake, N. Y. 
Owner: N.Y. State Electric & Gas 
NSS Vendor:, General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 2436 
MWt 
Electrical Output, 866 
MW~ 
Total Heat Output for 2550 
Safetv Desi2n. MWt 
Steam Flow Rate, 10.48 x 106 
lb/hr 
Total Core Flow 75.5 x 106 
Rate, lb/hr 
Coolant Pressure, 1005 
psig 
Heat Transfer 48,451 
Ar.ea, ft 2 

Max Power per Fuel 18.30 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 428,308 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximi.im Fuel Tempera-. 
ture, OF 
Average Fuel Rod 
Surf ace Temp OF 

MCHFR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/9., 

TX-i.377 
(8-70) 

- -

164,734 

4380 

558 

>1.9 

2.60 

---

-

Reactor: Bell 

A-E: United Engineers & Constructors 
Vessel Vendor: Not specified 

Cormocket No.: 50-319 
Containment Constructor: UE&C 

B. NUCLEAR 

H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -5.0 x lo- 5 
Cold, 6k/k/°F 
Moderator Temp Coef -17.0 x 10-5 
Hot No Voids 
Moderator Void Coef -1.0 x 10-3 
Hot, No Voids, 6k/k/% 
Moderator Void Coef -1.6 x 10-.3 
Operating 
Doppler Coefficient, -1.3 x 10-5 
Cold 
Doppler Coefficient, -1. 2 x lo-5 
Hot, No Voids 
Doppler Coefficient, 

~l. 3 x lo-5 
Operating 
Initial Enricnment, 2.23 w/o 
% 
Average Discnarge Tx- 19,000 
posure, MWD/Ton 
Core Average Void 36.9 
Within Assembly, % 

keff' All Rods In <0.96 

keff' Max Rod Out <0.99 

Control Rod Worth, ---
% 
Curtain Worth, ----
% 
Burnable Poisons, Curtains-flat 
Type and Form 248 SST w/Nat Boron 
Number of Conrrol 137 Cruciform 
Rods 137 Assemblv 
Number of Part-Length 

Hone mentioned Rods (PLR) 

Compiled by: Fred Heddleson 
Date: Anr.il 1971 

- -· - -

-
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Page 2 . P,WR 
Reactor: Bell 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. O.S3 rad. Design Winds in mph: 

Low Population Zone Dist., Mi. s.s 
At 0 so ft 80 mph -

Metro2olis Distance Po2ulation sustained 

· Syracuse, N.Y. 40 216,000 1969 so - lSO ft 

Design Basis Earthquake 
0.10 lSO - 400 ft 

Accel., g 
Tornado 300 mph tang + 60 trans. 

·operating Basis Earthquake o.os ·Accel., g /JP = 3 psi/ - sec 

·.Earthquake Vertical .Shock, Is intent of 70 design criteria ---% of Horizontal Satisfied? Yes 
Peak Fuel Enthalpy on Rod Dro2: 280 cal/gm 

Recircu.lation Pum2ing Slstern & MCHFR: ,. 

Protective S~stern: This system, independent from process control, shall be provided 
to automatically initiate appropriate action whenever plant conditions approach 
nri>-o~t-<>hli<:hP-l 1;~;t"<: 

·D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Design 62 Prim Ctmt Leak o.s 
Press, psig Rate, %/day 
Supprn Chamb Design 62 Second Ctmt Design 0.2S 
Press, psig Press, psig 
Cale Max Internal 46 Second Ctrnt Le.al< 100 
Press, psig Rate, %/day 

T~Ee of Construction: Drywell is a steel-lined reinforced concrete pressure ves-
sel with vertical right cylinders and truncated cones shaped similar to the con-

· ventional steel containment. Pressure suppression chamber is a steel-lined rein-
forced concrete pressure vessel equivalent to a torus with the minor diameter 
..,._...,._,...._..~m!:ll~.....,1,7 !:II c:-··-- .... -In .,.._,...,...C!_ ........... ~; ..... -

Design Basis: Designed to limit release of fission products in event of LOCA to 
conformance with lOCFRlOO. Also must be capable of holding pressures and tempera-

·tures following LOCA without loss of containment integrity. 

Vacuum Relief Ca2abilitl: Designed for 2 psi vacuum with capability for air 
passage from reactor building to supprE;!sSion chamber and from suppr.ess:i.on 
chamber to drywell through vacuum breakers. 

Post-Construction Testing: Pneumatic tests will be run at 11S% of design 
pressure and leakage rate tests will be run. 

· .t>enetrations: Electrical penetrations are double sealed and testable. Other 
penetrations are not detailed. 
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P 3 BWR a?e . . . 

Reactor: Bell 
DZ. EMERGENCY CORE COOLING SYSTEMS 

Core SEral Cooling Slstem: Provided to circulate water from pressure suppression 
pool to the reactor vessel. Water is distributed to reactor core by spray headers 
mounted inside the plenum above the core to cool the core in event of LOCA. This 
system, together with core shroud arrangement, provides for core-reflooding after 
LOCA. 

Auto-DeEressurization Slstem: Relief valves function as an automatic depressuri-
zer, under certain conditions, following LOCA. An additional function of these 
valves will be to open and remain open when signalled to do so; following LOCA. 

Residual-Heat-Removal Slstem (RHRS): Consists of 3 subsystems, namely: 1) Low 
Press Coolant Injection (see description below); 2) Containment.Spray Cooling 
System to limit suppression pool temp to 170F. This system circulates suppression 
pool water through RHRS heat exchangers· for cooling, and spray cooling of contain-
ment atmosphere, and 3) Shutdown Cooling System to remove decay heat during normal 
shutdown. 

~igh-Pressure Coolant-Injection Slstem: Assures adequate inventory in reactor 
vessel for a spectrum of LOCA smaller than those for which cooling is provided by 
core spray cooling system and reactor core low-pressure coolant injection system. 
System designed to function without auxiliary electrical power supplies other than 
station battery system. 

~ow-Pressure Coolant-Injection System: Three of 4 pumps will reflood core to 
2/3 of height. Only 1 is necessary to maintain level. Can reflood for breaks 
0.2 sq ft for liquid or 0.18 sq ft for steam. 

E. OTHER SAFETY-RELATED FEATURES 

Standbl Coolant Slstem: There is a cross-connection between one RHR service water 
.. 

pump and RHR piping permitting introduction of water from Cayuga Lak_e into primary 
containment. 

Main-Steam-Line Flow Restrictors: A venturi-type restrict or is located in each 
main line to limit s.team flow when a line breaks. 

Control-Rod Velocitl Limiters: A ·static device designed to limit rod velocity in 
case of a free fall. Rod velocity for scram motion is not affected. 

Control-Rod-Drive-Housing SuEEorts: If housing fails, supports limit the dis-
tance that the housing and rod can fall from the reactor. 

Standbl Liguid-Control Slstem: If rods cannot be inserted, operator can inject 
boron to shut down reactor. 
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P 4 BWR a2e 
Reactor: Bell 

E • OTHER SAFETY-RELATED FEATURES (cont'd) 

. Containment Atmos:eheric Control S:r:stem: Temp will be held below 150F. An inert 
atmosphere can be maintained to help control hydrogen~oxygen reaction f9llowing 
LOCA. 

Reactor Core Isolation Cooling Sistem (RCICS): Provided to remove. decay heat when 
feedwater system capability is lost and other normal heat removal systems requiring 
auxiliary power for operation are not available. System consists of primary. relief 
valves which pass steam directly to suppression chamber and a steam turbine-driven 
makeup pump which supplies makeup from the condensate storage tank. Steam ·to drive 
the turbine comes from the main steam line header and exhausts to the suppression 
chamber pool. 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Ca:eability -

Containment Floodabili t:t -

Reactor-Coolant Leak-Detection sistems: No reference except in Amendment 1 
ref erring Eo sump monitoring. 

Failed-Fuel Detection sistems: No reference found. 

Emergency Power: Three diesel-generator sets are provided, any 2 of which can 
supply all required loads essential for safe shutdown of reactor 8fter.DBA. A day 
tank will supply each unit with fuel for 8 hours operation. A common fuel tank 
has fuel for 7 days operation at required load. 

Rod-Block Monitor: No reference found. 

Rod Worth Minimizer: Monitors operator rod selection patterns and reinforces good 
procedures. Thus control rods worths are limited during startup and low power 
operation. 



83 

Page 5, BWR 

Reactor: Bell 
F. MISCELLANEOUS 

Winds peed, Direction Recorders, and Seismographs: No references found, 

\ 

Plant 0Eerating Mode: ---

Site Features: Plant is located on the east bank of Cayuga Lake about 15 mil<:?S 
from the lower tip of the lake. The plant 'site consists of 900 acres having au 
existing fossil fuel power plant (Milliken Station) on the site. The land rises 
from the lake (382' .MSL normal pool) with site grade ranging from 395' to 435 I• 

One mile back elevations are about 500'. Land use is agricultural. Population 
in 2 mile radius is 432 and in 5 mile radius 5516. 

Turbine Orientation: ---

Emergency Plans: Emergencies classed as Radiation type or Non-radiation type. 
Employees will be trained and drilled in handling these emergencies. Local and : 

state agencies will be contacted for assistance as needed. 

Environmental Monitoring Plans: Monitoring program will be started about 2 years 
before startup as follows: Atmospheric monitoring, surveillance of water and sedi-
ments, foods, biota, milk, and soil. Measurements of gross beta-gamma and isotopes 
of SR-90, CS-137, etc.·will be made. 

Radwaste Treatment.: After treatment, liquid waste is released to the circulating 
water system discharge canal. Gaseous waste is collected and held for decay until 
it can be r'eleased safely from the vent stack. Solid wastes are collected, treated 
as required, and packaged for shipment to off-site disposal areas. All operations 
are conducted to conform with 10CFR20. 

Stack Height - 330 ft. 

Waste Heat System: A once-through system is used for condenser cooling using 
water from Lake Cayuga. Three pumps send 555,000 gpm through condensers with a 

. temperature rise of 20F. Water intake is about 100 ft out in lake.taking water 
from near the bottom. Water is ret.urned to the lake surface at about surf ace 
temperature. 

'--·--·--~~r·.--



G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

84 

IU:ACTOR NAHE Bell Station 

Page 6 

THERMAL TYPE OF NUCLEAR 

STEAM SYSTEM BWR 

DOCKET NO. 50-319 

OUTPUT, MWt 2436 

N£ARBY BOUY OF WAT~R Lake Cayuga 

SIZE OF SITE 900 ACRES 

TOPOGRAPHY OF SITE Rollin 

------
NORMAL L£VEL 

MAX PROB FLOOD LEVEL 

SITE GRADE ELEVATION 

------
382' (MSL) 
390,. (MSL) 

395 I. (HSL) 
435' _....,.. __ _... _______________________ __ 

Rollin OF SURROUNDING ARE~ (5 HI RAD) --------------------------
TOTAL PERMANENT POPULATION IN 2 HI RAD~4_3_2~_(1960) ·IN 5 HI RAD 5516 ( 1960) 

NEAREST CITY OF SO ,ooo POP_ULATION __ s..,x_r_a_cu_s_e_,_N_e_w_Y_o_rk ____________ _ 

DISTANCE FROM SITE 40 HILES POPULATION216,000 (1969) 

LAND USE IN 5 HILE RADIUs __ AQg.r.i.cu•l•t•u•r•a•l--------------------~ 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM_.-o,..n .. ce--t .... h,..r,...6..,u.,.g..,h.__ ________ _ 

WATER TAKEN FROM Lake Cayuga FOR Condenser cooling· 

WATER BODY TEMPERATURES - WINTER AVG 35 F SUMMER AVG 72 F AVG - F 

RIVER FLOW 1100 (cfs) over dam *QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 555,000 (gpm) TEMPERATURE RISE 20 F 

*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) "'Per Unit 

COOLING TOWERS None -------------------------------
OTHER INFORMATION Intake from lake bottom 100 ft out. Water returned by surface 

discharge at shore l~ne about the temp of surface water, Coal-fired units at site, 

z:;; .. ·_ 

~---

NUCLEAR SAFETY INFORMATION CENTER 
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THFEE MILE ISLAND; 50-320 (PWR) Page 1 
Three Mile Island Nuclear Station 

Three Mile Island Project Name: Units 1 and 2 Reactor: 
A-E: Gilbert Associates - Unit l** 

Location: Goldsboro, Penn. (Daupin Co.) Vessel Vendor: Babcock & Wilcox 
Owner: Metropolitan Edison Co.-Unit l* Docket No.: 50-320 (also 50-289) 
NSS Vendor: Babcock & Wilcox Containment Constructor: United Engr. & 
* Jersey Central Power & Light - Unit 2 **Burns & Roe - Unit 2 Const. 

A. THER..'1AL-HYDRAULIC B. NUCLEAR 

The.rmal Output, 2535 - fll H20/U, 2.85 
MWt 2452 - f/2 Cold 
Electrical Output, 871 - fll ·Avg 1st-Cycle 14;250 MWe 845 - 112 Burnup, MWD/MTU 
Total Heat Output for 2568 - fll First Core Avg 28,800 Safety Design, MWt 2772 - fl2 Burnup, MWD/MTU 
Total Heat Output, 

8. 765 x 106 Maximum Burnup, 55 ,oo·o 
Btu/hr MWD/MTU 
System Pressure, 

2200 
Region-1 

2.29 t psia Enrichment, % 
Ul'IBR, 

2.0 
Region-.2 

2.64 t Nomj_n.:il Enrichment, % 
Total r·.iow rate, 

131.3 x 106 Region-J 
2.90 t lb/hr Enrichment, % 

l!:tt Flowrate for 
124.2 x 106 keff, Cold, No 1.244 Heat Trans lb/hr Power, Clean 

Eff Flow Area for 
49 .19 keff• Hot, Full Power 

1.109 Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 

15.7 
Total Rod 10.6 Fuel Rods, ft/sec Worth, % 

Avg Mass Velocity 
t2.53 x 106 Shutdown Boron, No 1547 

lb/hr-fl 2 Ru<l~, Clean, Cold, ppm 
Nominal Core 

554 
Shutdown Boron, No 1333 Inlet Temp, OF Rods, Clean, Hot, ppm 

Avg Rise in 
49 .3· 

Boron Worth, Hot, 1/100 
Core, OF % tik/k/ppm 
Norn Hot Channel 

647.1 
Boron Worth, Co.lei, 1/75. Outlet Temp, OF % tik/k/ppm 

Avg Film Coeff, 
5,000 

Full Power Moderator (-0.4 to -3.0) x 
Btu/hr. ft 2, °F Temp Coeff, tik/k/°F 10-4 
Avg :l"ilm Temp 

31 
Moderator Press +4.0 x lo-' to 

Di ff~ OF Coeff, f).k/k/risi +1 x io-6 
Active Heat· Trans 

49,734 
Moderator Void Coeff +l x 10 4 to t Surf Area, ft 2 tik/k/% Void -3 x 10-3 

Avg Heat Flux, 
171,470 

Doppler Coefficient, (-1.1 to -1. 7) x 
Btu/hr ft 2 6k/k/°F 10-S 
Max Heat Flux 

534,440 Shutdown Margin, Hot 
1 Btu/hr f t 2 One Rod Stuck, % tik/k 

Avg Thermal 
5.656 Burnable Poisons, AR.203 - B4C 

Output, kw/ft Type and Form 1088 Zircalov-
Max Thermal 17.63 Number of Control 976 
Output, kw/ft Rods 61 x 16 
Max Clad Sur- 654 Number uf Part-Leng th ---
face Temp, op Ru<ls (PLR) 
No. Coolant 

2 t From PSAR for Unit 2. 
Loops 

Data are taken from FSAR for Unit 1. Compiled By: Fred Heddleson Plants arc nearly identical. Known 
differences are shown. 

Date: February 1971 
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p.,.no ') PWR 

Reactor: Three Mile Island 

c. SAFETY-RELATED DESIGN CRITERIA 

E.xclus ion Distance, Mi. 0.38 rad. Design Winds in rnEh: 

Low Population Zone Dist., Mi. 2 At 0 - 50 ft elev 80 

MetroEolis Distance PoEulation 50 - 150 ft Harrisburg, Pa. 10 mi. 73,500 105 

Design Basis Earthquake 150 - 400 ft 135 Accel., g 0.12 

Operating ·Basis Earthquake 
0.06 Tornado 300 mph tang. 

Accel., G 

Earthquake Vertical Shock, 
66 f::,p = 3 psi/ sec 

% of Horizontal 

Is int.ent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 55 - Unit 1 Calculated Max 53.6 
psig 60 - Unit 2 Internal Press, psig 
Max Leak Rate at 

0.2 
D~sign·Press, %/day 

TlEe of Construction: Reactor Building has reinforced-concrete cylindrical walls, 
a flat foundation mat, and a shallow dome roof. The foundation slab is reinforced 
with mild-steel reinforcing. Cylindrical walls are prestressed with a post-
tensioning system in the vertical and horizontal directions. The dome roof is pre-
stressed with ·a three-way post tensioning system. The inside is lined with a 
carbon .steel liner ·to ensure leak tightness. 

Design Basis: Designed to contain radioactive material which might be released 
from the core following a LOCA at a maximum leak rate of 0.2%. The prestressed 
concrete shell ensures that the structure has an·elastic response to all loads 
and that the structure strains within such limits so that the integrity of the 
liner is not prejudiced. 

Vacuum Relief CaEabilitl: Tiesignea tor L.~ psig exLernai pressure during 
norm.al operation. 

Post Construction Testing: Will be pressure tested at 63.3 psig and tested for 
determination of leakage rate before operation begins. Leakage rate tests will 
be run periodically during life of plant • 

. Penetrations: Electrical penetrations will be continuously pressurize([ witn 
nitrogen for leak monitoring. Mechanical penetrations have double barriers 
designed for leakage tests at 63.3 psig and for normal pressurization to 60 
psig during operation. 

Weld Channels: Provided along seam welds that are inaccessible. Also locatea on 
seal welds on the inside· face of the liner. All are testable. 
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a11:e '• P 3 PWR 

Reactor: Three Mile Island 

D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Designed to furnish cooling to limit pqst-accident pres-
sure to less than design value, and to reduce containment pressure to near atmo-
spheric pressure in 24 hrs. Sodium thiosulf ate (alkaline) in spn•y removes 
fission product iodine from containment atmosphere. Suction from borated water 
storage tank until supply is exhausted, then recirculated from sump. Two pumps 
each have 1500 gpm capacity at 285 psig. 

.Containment Cooling: Designed to maintain temp between 60 F and 110 during ' 
normal operation (4.3 x 106 Btu/hr cooling, 1.2 x 106 Btu/hr heating) and to 
remove heat during emergency conditions (LOCA) to hold temp below 281 F and 
·pressure below 53. 6 psig (240 x 106 Btu/hr cooling). 

Containment Isolation Slstem: Leakage through all fluid penetrations not serving 
accident consequence limiting systems ·is minimized by double barr.iers so that no 
single failure can result in.loss of isolation or intolerable leakage. Isolation 
valves are installed on pipe penetrations both inside and outside containment. 
Closure is automatic. 

Containment Air Filtration: Supply air filtered (85% ef f.) and exhaust air 
filtered throug_h roughing, HEPA, and charcoal filters before discharge to 
atmosphere. ...:· 

Penetration Room: None shown on drawings. 

Organic-Iodide Filter: No reference found. 

Hydr~n Recombiner: Analyses show that hydrogen concentration generated after 
LOCA can be adequately limited by using the reactor building purge. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks each dump 7000 gal. of borated water into reactor 
cold legs when reactor pressure drops to 600 psig. Tanks are pressurized by 
nitrogen. System floods core to prevent fu11 damage. 

High-head Safetl Injection: Injection of -borated water from the borated-water 
storage-tank is initiated when reactor pressure drops to 1500 psig, or a reactor 
building pressure of 4 psig. This system prevents uncovering the core for small 
coolant leaks, operating normally as part of the Makeup and Pu~ification System. 
Three pumps can operate, each with a capacity of 550 gpm at 1500 psig. 

Low-head Safety Injection: Decay-Heat Removal System provides this function, 
Pumps (2) start at 1500 psig reactor pressure or 4 _psig reactor building pressure 
taking suction from the borated water storage tank which provides at least 25 
minutes of water supply. Each pump can deliver 3000 gpm at 100 psig. 
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Pa~_P. 4 PWR 

Reactor: Three Mile Island 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Three main systems are available: (1) 
Containment sump level sensitive to 670 gal, make up tank coolant level, Jnd pres
surizer level sensitive to 31 gal; (2) Cooling coil condensate flow sensitivf- to 
0.3 gpm; and (3) Measurement of containment atmosphere radioactivity. 

Failed-Fuel-Detection Systems: No reference found. 

Emergency Power: Two automatic, fast start-up diese·l-generator sets are avail
able; either one with capacity to carry required engineered safeguards load. 
Uni-ts are rated at 300 kW at 0. 8 power factor for 2000 hrs and no maintenance. 
Sufficient fuel is stored for one unit to run at accident power requirements for 
7 days. 

Control of Axial Xenon Oscillations: 
Burna~l~ .e.,h~ms - Boron added to the coolaqt, 

Part-Length Control Rods - None mentioned. 

In-Core Instrumentation - 36 detectors monitor core flux and readout in the 
control room. 

Unborated Water Control: Dilution cycle must be initiated by operator who must 
preset the desired dilution batch size'before dilution will.start. Dilution cycle 
will stop automatically when flow has integrated to the preset batch size. Inter
locks on control ·rods automatically.terminate dilution cycle if regulating rod 
group is inserted into core to the 75% withdrawn position. 

Long-Term Cooling - Internal or External Systems: Long term cooling is accompli
shedtiy recirculating injected borated water that has collected in the containment 
sump. The decay heat removal system does this ]ob and can supply up to 6000 gpm 

.with 2 pumps operating at 100 psig. 
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Page 5 PWR 
' 

Reactor: Three Mile Island 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Wind speeds and other: 
meteorological data have been recorded with 
Seismographs not mentioned. 

a 100 ft high tower since 1967. 

. 
Plant OEerating 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 h~lly 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 -vl 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). 

Turbiue Orientation: Ejected turbine blades could strike containment structure. 

.Emergenc~ Plans: Personnel 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 Static.m 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. "Li.quid is then reused or 
relt:!ased 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 
reieased·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 S:):'.stem: 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',ooo gpm. 
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Page 6 

G. CIRCULATING WATER· SYSTEM' 
& SITE FEATURES 

jU:ACTOR NAME Three 1-!ile Island iluclear 

Station Uniti l & 2 

THERMAL . #1 253S 

OUTPUT, MWt #2 2452 

TYPE OF NUCLEAR 

STEAM SYSTEM PWrl 

NEARBY BODY OF WATER Susquehanna River 

SIZE OF SITE 625 ACRES -----
. TOPOGRAPHY OF SITE Flat 

DOCKET NO. 5'0-2n.l 

·50-320 

.NORMAL LEVEL 277' (MSL) 

MAX PROB FLOOD LEVEL 303 1 
( MSL) 

SITE GRADE ELEVATION · 304' (MSL) 

----------------------------------------~ 
OF SURROUNDING AREA ( 5 MI RAD)_·i<_o_l_l_i_n..,g_· t_o __ iI_i_l_l""y---------------

TOTAL PERMANENT POPULATION IN 2 MI RAD 2700 (1969 ) IN 5 MI RAD 28 ,65'.l (1%'J ) 

NEAREST CITY OF 50,000 POPULATION_H_a_r_r_i_s_b_u_r_e_,_P_.a __ • _______________________ _ 

DISTANCE FROM SITE 10 MILES POPULATION 73 ,'500 (l'.:16'.J ) 

LAND USE IN 5 MILE. RADIUS Agricultural 
__ ..-, ____________________________________________ ___ 

'CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed Loop 
--------------------------------WATER TAKEN FROM Susquehanna River FOR :·lake up 

WATER BODY TEMPERATURES ·- WINTER AVG 36 F SUMMER AVG 75 F AVG SG F 
. ----

RIVER FLOW 34;000 (cfs) a_vg. · 

'"TOTAL FLOW THROUGH CONDENSERS 

. "'QUANTITY OF MAKEUP WATER L~ ,ooo (gpm) 

------444,000 (gpm) TEMPERATURE RISE - F 

'''HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/h.r) · •'•Per Unit 

COOLING TOWERS 

OTHER INFORMATlON 

------
. Two hyperboli:c naturai" clraft towers with an acdi tional me ch

i cal ?raft tower to cool blow-<lo~m. being retur;ied to river. 

--------------------~~-------------

l SI.AND 

NUCLEAR SAFETY INFORMATION CENTER 



91 

EDWIN I. HATCH, 50-321 & 50~366 (BWR) Page 1 

Project Name: Edwin I. Hatch Nuclear Plant, 1 & 2 Reactor: Hatch 
(Bechtel 

Location: Baxley, Georgia 
Owner: Georgia Power Company 
NSS Vendor: General Electric Company 

A. THERMAL-HYDRAULIC 

Thermal Output, 
2436 MWt 

Electrical Output, 813 
MWe 
Total Heat Output for 

2436*** Safety Desiirn. MWt 
Steam Flow Rate, lO.ox10 6 - Ill 
lb/hr t10.sx10 6 - 112 
Total Core Flow 78.5 x 106 
Rate, 1b/hr 
Coolant Pressure, 1005* 
psig 1020** 
Heat Transfer 48,451 Area, ft 2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 18.5 
Maxim\llll Heat Flux, 428,308 
Btu/hr-ft2 

Average Heat 
Btu/hr-ft 2 

Flux, 164,740 

Maxim\llll Fuel Tempera- 4380 
ture, OF 
Average Fuel Rod ---
Surface Temo °F 
MCHER 1.9 

Total Peaking 2.6 
Factor 
Avg Power Density, 'V51 t 
Kw/9. 

t Data from PSAR for Unit 2. 

* Table 1. 7-1 
** Table 3·.1-1 

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

All this data was taken from FSAR for 
Unit 1. Unit 
Where data is 
c:ated. 

TX-4J77 
(8-70) 

2 is ·almost the same. 
different, it is so indi-

A-E: ~outhern Services, Inc. 
Vessel Vendor:Not stated Assisting) 
Docket No.: 50-321, 50-366 
Containment Constructor: No1: stated 

B. NUCLEAR 

H20/U02 Volume 
2.41 Ratio 

Moderator Temp Coef 
-5.0 10-S 

cold, 6k/k/°F 
x 

Moderator Temp Coef 
-39.0 io- 5 x 

Hot No Voids 
Moderator Void Coef 

-1.0 i.o-3 
6k/k/% 

x 
Hot, No Voids, 
Moderator ·void Coef -1.6 x lo-3 
Operating 
Doppler Coefficient, -1.3 x 10-5 
Cold 
Doppler Coefficient, -1.2 x lo-5 
Hot, No Voids 
Doppler Coefficient, 
Operating 

<-1. 3 x 10- 5 

Initial Enrichment, 
% 
Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Voia ---Within Assemb'ly, % 

keff' All Rods In· 
0.96 

keff' Max Rod Out <0.99 

Control Rod Worth, 0.01 6k normal 
% 0 n".l At, :>hnnrmal 
Curtain Worth, 
% ---
Burnable Poisons, Flat sheets, SS't 
Type and Form luln~t- n----, <;/.nn 
Number of Control 137 rods 
Rods ?1.0 ~••~t-.,,;n~ 

Number of Part-Length 
Rods (PLR) ---

Compiled by:, Fred Heddleson FSAR 
Date: October 1970 April 7 

pm 
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age . p 2 TIWR 

Reactor: Hatch 

c . SAFETY-RELATED DESIGN CRITERIA 

• 
Exclusion Distance, Mi. 0.81 Design Winds in psf: 

Class I Class II 
Low Population Zone Dist., Mi. --- 0 - 50 ft 28 (105 mph) 26 (100 mp ) At 
MetroEolis Dis·tance Po_eulation 

Savannah, Ga. 65 mi 208,000 50 - 150 ft 44 40 

Design Basis Earthquake 
0.15 150 - 400 ft 66 62 

Accel., g 

Operating Basis Earthquake 
Tornado 300 mph tangential & 60 mph .., 

horizon 
Accel., g 0.08 llP = 3 psi/ 3 sec 

Earthquake Vertical .Shock, Is intent of 70 design criteria 
% of Horizontal 66 Satisfied?Sect F gives conformance ref.· 
Peak Fuel Enthalpy on Rod DroE: 280 ca;Lories per gram. At this value, pressure-
rise rates are less ·than 50 psi/sec. 

Recirculation P1.U11_eing S;t:stem & 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 r·ated conditions. 

p t· t• s stem· Initiate rapid, automatic· shutdown in time to prevent fuel-
ro ~c ive Y · 1 dd. d f 11 · · b 1 · 1 transients. This . c a 1ng amage o owing a norma operat1ona 

system overrides all operation actions and process controls. 

D. ENGINEERED SAFETY.FEATURES 

Dl. CONTAINMENT (Ctmt) .. 
Drywell Design Prim Ctmt Leak 
Press, psig 56 Rate, %/day 1.2 
Supprn Chamb Design Second Ctmt Design 
Press, psig 

. 56 
Press, psig 0.25 

Cale Max Internal li.n. 'i Second Ctmt Leak 
Press, psig Rate, Y~/ day lOO 

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 4 functions (Sect. 5.2.4.1): 
a. To accommodate .press &·temp associated with equipment failures. 
b • . To accommodate & mitigate effects of potential. metal-water reactions in LOCA. 
c. To provide barrier against leakage of fission products following an accident. 
d. To provide strength to withstand missiles and jets forces. 

Vacuum Relief CaEabilit~: Two· groups of vacuum breakers prevent primary contain-
ment from exceeding 2 psi of vacuum. One is torus-to-drywell group_; the other, the 
reactor bldg-to-torus group. Venting air moves from bldg to to_rus and then from 
torus to drywell·preventing excessive vacuum. 
Post-Construction Testing: Penumatic test at l.ZS times design.pressure or 

56 psig. Pressurized to peak calculated press and tested for leakage rate. 

l?enetrations: Electrical penetrations, personnel hatch~s, and equipment hatches are 
double-sealed and. testabl"e. ·All. others are single-sealed. 
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ape . P 3 BWR 

Reactor: Hatch 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core SEral Cooling Slstem: 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-DeEressurization Slstem: Provides _automatic depressurization for small :breaks 
with maloperation of HPCI system so LPCI and core spray system can oper·ate. :-'.ix 
press relief valves vent steam to the suppression pool. Valves open upon coinr.i-
dent signals of reactor low water and drywell high press after 2 min delay. 

Residual-Heat-Removal Slstem (RHRS): Designed to remove decay heat and residual 
heat from reactor, supplement spent fuel cooling,_ and coridense reactor steam wheI! 
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 106 Btu/hr. 

~igh-Pressure Coolant-Injection Slstem: 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. Suppressfon 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. * 
~ow-Pressure Coolant-Injection System: A subsystem 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 S111Jplying 7710 gpm @ 20 psid tu 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 men tat ion detects the undamaged path. 

_§_~a,ndby 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 Velocitl limiters: Design of elements inside the control-rod-guide 
tube limits drop-out velocity to <5 ft/sec over full length of the stroke. Velocit) 
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. 

•<Mn 

Control-Rotl-Drive-Housing SuEEorts: 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. 

~~andby Liquid-Control Slstem: A redundant system for reactivity control; used 
when control rods cannot shutdown reactor. By manua_l in_itiation, 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 no·rmal 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 gom@ 1135 psia. 

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

Core Cooling Capability -

* Steam is passed through heat 
exchanger and condensate .sent 
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 
gpm. Abnormal leakage is indicated by changes in drywell press or temp, & flow in
~icators 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 
lmain line isolation valves in the space between primary and secondary containment 
!walls. When .a significant increase in radiation is detected, reacto.r is scrammed 
and isolation valves close. Output trip signals of.each monitor channel are com
~ined in a one-out-of-two-twice logic to reduce spurious scrams. 

Emergency Power: Apparently-, 5 diesel-generator sets are available, two exclusi
~ely for Hatch 1, two for Hatch 2, and one unit shared. These are described under 
k\uxiliary System (Sect. 8.3) and Standby AC Supply (Sect. 8.4). Units start auto
matically on signals indicating reactor low water level, or high drywell pressure, 
or loss of voltage on bus·. Units can be loaded 10 seconds after starting. A day 
ank has 4-hour fuel supply and other fuel on the site will run 4 diesels for 

U 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 wi.thdrawal. 

Rod Worth Minimizer: A fun~t.ion of the computer which assists the orierator in 
startup, shutdown, and low power (less than 10%) control-rod procedures. Pre
vents operator from establishing control-rod patterns not consistent with ore-

· stored sequences. RWM operates to maintain m_ax rod worth below O.<H !1k. 
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Page 5, BWR 

Reactor: Hatch 

F. MISCELLANEOUS 

Windspeed, Direction Recorders, and Seismograohs: 150-ft tower erected for 
m~ctsuL J.ng wino speea ana -direction ana temperatures. Data will be recorded on 
charts or punched paper tape. 

FSAR makes .no reference to permanent seismograph. 

Plant 0Eerating Mode: Load-following, with recirculation flow control. 

Site Features: Site consists of 2244 acres on south side of Altamaha River about 
1 mile east of US Hwy Ill. 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 populated with 
only 678 residents in a 2 mi radius. Nearest town is Baxley (11 mi) with 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 

reactors (Hatch 1&2). Tur~ige aorfti~os preclude blade ejection from striking 
nr;~~~· ~~~+:~~---~+: excen '" e ec ion. 

Emergency Plans: Emergencies will be either radiological or nonradiological. 
Radiological emergencies will be onsite or offsite. Pers~nnel will be_trai~ed to 
handle accidents and drills will be held. A medical assistance plan is being 
prepared so doct~rs trained in radiological procedures will be available on call. 

Environmental Monitori~g Plans: J.ne 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 thatcare 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, mUk, river water, river benthos, river fish, 
and well water. The sampling· program will be variable depending upon timP., 
amount of activitv measured. and olant conditions. 

Radw~ste Treatment: Liquid wastes will be collected and processed to reduce 
activity. L.ow levels will be released diluted by 3f;he conl'li>nser cooling water. 
nie overage acllvlty discharged will be ~6.5 x 10 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 wi 11 be ~6oot 
lmicrocuries per second. 

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

Waste Heat S~stem: Circulating water system uses a closed-loop design with 
mechanical draft cooling towers. Two or .more pumps circulate water from the 
cooling tower basin thru condensers and back to cooling towers. Makeup water 
will be taken from the .Altamaha River. Makeup wacer and other required water 
~ill be a maximum of 32,000 gpm, of which about 20,000 gpm will be returned to 
,..iver. No information presented on quantity of flow thru condensers, or temp 
ise across condenser, and temp rise of water returned to the river. 

~=· 
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Page f. 

UTILITY Georgia P'ower Co. REACTOR NAME Edwin I. Hatch Nuclear 

Plant, Units 1 & 2 

THERMAL TYPE OF NUCLEAR 

STEAM SYS)EM BWR 

DOCKET NO. 50-321 ------
50-366 OUTPUT, MWt 2436 ------

NEARBY BODY OF WATER Altamaha River NORMAL LEVEL 72' (MSL) 

MAX PROB FLOOD LEVEL 104' (MSL) 

SIZE OF SITE 2100 ACRES SITE GRADE ELEVATIOll 129' . ( MSL) 

.TOPOGRAPHY OF SITE Flat to Rolling 
~-------""--------------------------~ 

·or SURROUNDING AREA (5 MI RAD) Flat to Rolling 
________ ......... _____________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 107 (1972 ) IN 5 MI J.{AD 840 (1972 ) 

NEAREST CITY. OF 50,000 POPULATION~S_a_v_a_n_n_a_h_,_._G_eo_r_g_i_·a _______________________ ~ 

DISTANCE FROM SITE 67 MILES POPULATION 208,000 (1970) 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM Altamaha River 

WATER BODY TEMPERATURES - WINTER AVG 50 F 

FOR Makeup 

SUMMER AVG 84 F AVG 67 F 

RIVER FLOW 13,000 (cfs) avg. *QUANTITY OF MAKEUP WATER cn32,000 (gpm) 

*To:rAL FLOW THROUGH CONDENSERS = 555 ,ooo (gpm) TEMPERATURE RISE - F 

"'HEAT. REMOVAL CAPACITY OF CONDENSERS 5660 X 106 (Btu/hr) "'Per Unit 

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

OTHER INFORMATION lHowdown returned to riven· ls 20 ,OOO gj,lm. 

. .. ~ .. 
........ 

. .,,. ~ 
'-' . 

r-- f>
,1 ?" 



SHOREHAM, 

Project Name: Shoreham Nuclear Station 

Location: ·Long Island Northshore* 
Owner: Long Island Lighting Company 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design, MWt 
Steam Flow Rate, 
lb/hr 
Total Core.· Fiow 
~te, lb/hr 
Co.olant Pressure, 
psig 
Heat Transfer 
Area, ft 2 

Max Power per Fuel 
Rod Unit Lg.th, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-ft 2 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surface Temp OF 

;MCHFR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/i 

* N. 

TX-4J77 
(8-70) 

of Brookhaven 

2,436 

849 

2,550 

10.47 x 

75.5 x 

1,005 

48,451 

18.37 

'•28,308 

164,734 

4,380. 

558 

1.9 

2.60 

51.2 

106 

10 6 
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56-,322 (BWR) Page 1 

Reactor.: Shoreham 
A-E: Stone and Webster 
Vessel Vendor: Not specified 
Docket No.: 50-322 
Containment Constructor: Not specified 

B. NUCLEAR 

H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -5.0 x lo- 5 
Cold, /),k/k/°F 
Moderator Temp Coef 
Hot, No Voids 

:...39,0 x lo-5 

Moderator Void Coef -J .(.• x lo- 3 
riot, No Voirl8, 1'.k/k/% 
~-locer:-1 ::or Void Coef 
Operating 

-1.5 x 10-3 

Doppler Coefficient, . -1.3 10-5 
Cold 
Doppler Coefficient, -1.2 x 10-S 
Hot, No Voids 
Doppler Coefficient, -1.3 x 10-5 
Operating 
Initial Enr1cnment, 2.29 
% 
Average Discharge ~x- 16,680 
posure, MWD/Ton 
Core Average Voia 43.1 
Within Assembly, % 

keff' All Rods In <0.96 

keff' Max Rod Out <0.99 

Control Rod Worth, .0.029llk cold 
% 
Curtain Worth, 
% -
Burnable Poisons, Boron-SST 248 
Type and Form flat curtains 

. Number of Control 
Rods 137 

Number of Part-Length None 
Rods (PLR) 

Con1piled by: Fred A. Heddleson 
Date: June 1969 
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C. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.17 

Low Population Zone Dist., Mi. 5 

Metropolis Distance 

New Haven. Conn. 22 mi. 

Population 

152,000 (60) 
Design Basis Earthquake 
Accel., g 

Operating Basis Earthquake 
Accel., g 

Earthquake Vertical .Shock, 

0.15 g 

0.07 g 

% of Horizontal 2/3 Horizontal 
Peak Fuel Enthalpy on Rod Drop: 280 ca1/gm 

Page 2 DWR 
Reactor: Shoreham 

Design Winds in mph: 

At 0 - 50 ft 100 - 25 lb/sq ft 

50 - 150 ft - 40 lb/sq ft 

150 - 400 ft - 60 lb/sq ft 

Tornado - 300 horizontal 

6P = 3 psi/ 3 sec 

Is intent of 70 design criteria 
Satisfied? Yes (P. G-1-1) 

Recirculation Pumping System & MCHFR: MCHFR margin will be from 1.9 to 1.0 with 
variable conditions of recirculation flow, feedwater flow and temp. At 320F to 
420F feedwater temp, reactor can meet thermal margin requirements (P III-3-5 to ~7) 

Protective s stem: Will override other systems to initiate required safety action, 
srtuttlttg dowl? reactor, closing isolation valves, and starting up emergency engineer 
ed safety features. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Des.ign 
Press, psig 
.Supprn Chamb Design 
·Press, psig 
G~lc Max Internal: 
Press, psig 

+ 56 

+ 56 

Prim Ctmt Leak 
Rate, %/day 
Second Ctmt Design 
Press, psig 
Second Ctmt .Le.ak 
Rate, 7./day 

0.5 

0.25 

100 

Type of Construction: Composite steel-lined reinforced concrete pr.essure-suppress
ion primary containment in the form of a conical frustrum over a cylindrical sec
tion, with drywell in the upper conical section and .the suppression chamber in the 
lower cylindrical section. : 

Design Basis: Designed to"reliably limit release of radio-active materials in the 
case of an accid~nt such as LOCA, to withstand site-dependent loads such as caused 
by winds and earthquakes, and to do these without loss of integrity of containment 
and structure: 

Vacuum Relief Capability: Containment vacuum - 2 psig. Tne v~cuum capaoiiities or 
containment system will withstand vacuum effects of any credible accident 
(P V-2-13). 

Post-Construction Testing: At 1.15 times design pressure with leak-rate test at 
48 psig. Leakage tests will be run at other pressures for later evaluation. De
tailed pos.t-operational tests will be established later. 

fenetrations: Double and individually testable (P V-2-10). 
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Pa~e 3 .. BWR 

Reactor: Shoreham 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core s2rar Cooling srstem: Has 2 independent loops each with one 100% capacity 
pump (4, 725 gpm) and one spray sparger in reactor vessel above core. Water pumped 
from suppression pool. Pumps start automatically on low reactor water level or hi 
containment pressure plus low pressure in coolant system. One loop Gperating will ' 
prevent fuel-clad melting (P VI-2-10). 

Auto-Depressurization System: Depressurizi·ng s_ignals are simultaneous hi drywell 
press. and low reactor water level. For some line breaks, depressurizing lowers· 
pressure to point where LPCI system can operate to flood the core, especially 
where high-pressure pumps cannot keep 1,1p with leakage. 

Residual-Heat-Removal Slstem (RHRS): Hade up of 3 subsystems: (1) LPCIS, in con-
junction with other systems, will cover core a minimum of 2/3 ht. (2) Containment 
spray-cooling systems using heat exchangers· to cool water. Heat exchangers cooled 
with water from Long Island Sound. (3) Reactor shutdown cooling system, which is 
designed for removing decay and sensible· heat from core during normal shutdown. 

~igh-Pressure Coolant-Injection Sistem: One steam-turbine-driven pump. (4,240 ~pm 
@ 1,120 psi a) delivers water to feedwater line from the'l00,000-gal condensate 
storage tank. If all this supply is exhausted, then from suppression pool. Pump 
started by low reactor water level or high containment pressure. System prevents 
clad melting· in event of feedwat.er loss or a small line break. 

J,ow~Pressure Coolant-Injection System: A mode of Residual Heat Removai System 
started by coincidence of low-water level in reactor or high press in drywell with 
low press in nuclear system. At least 3 of 4 pumps used taking water from 
suppression pool (7700 gpm @ 20 psid for each pump). 

E. OTHER SAFETY-RELATED FEATURES 

Standbr Coolant srstem: Condensate storage tank provides water for containment 
flooding. The standby coolant supply connection to RHRS provides the capability of 
continuous flow (P VI-2-41). 

Main-Steam-Line Flow Restrictors: Venturi in each main line between reactor and 
fina. ie;olation valve. Wlll limit steam flow in severed line to <200% of rated 
flow. 

Control-Rod Velocitr Limiters: Large clearance piston on bottom of each control 
rod. Has stream-lined profile in scram direction but limits free-fa] 1 velocity to 

<5 ft/sec. 

Control-Rod-Drive-Housing SuEEorts: Horizontal beams below reactor vessel ar-
ranged to catch & stop CRD housing if one should break loose from reactor vessel & 

fall. About 2-in. travel is max. in hot condition. The 2-in. fall would cause no 
damage. 

Standbr Li9uid-Control Slstem: Sodium pentaborate is injected by Z high-pressure 
_pumps through a ring sparger in the bottom of the core shroud; manually operated 
from control room. Will shut down reactor with con'trol-rod system inoperable. 
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Parle 4- BWR 
Reactor: Shoreham 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

·Containment Atmospheric Control System: None (P V-2-10). 

Reactor Core Isolation Cooling System (RCICS): Removes decay heat from core :md 
provides makeup water to ·reactor. If main heat sink (main condenser) is lost' be
cause of failure or closing of s·team-line isolation valves, RCIC cause·s relief 

·valves to vent steam from system to suppression pool. If water level drops in 
core, RCIC turbine-pump starts and pumps water into reactor "from condensate storag~ 
tank or RHRS.heat exchanger condensate. 

Reactor Vessel Failure: Vessel and supports designed to withstand torces 
Missile & Reactor Forces - created by full blowdown of any nozzle with reactor 

at design pressure concurrent with earthq~ake _loads. 

C~re ·cooling Capability - Reactor internals are designed for pressures and 
stresses induced by LOCA or steam line break 

Containment· Floodability - Not mentioned. 

Reactor-Coolant Leak~Detection Systems: There are·5 ~etection means: 
1) leakage to equip drain tank. 2) floor chain sump, 3) drywell air temp rise, 
4) temp rise in closed cooling water system, 5) pressur_e rise in drywell. 

Failed-Fuel Detection Systems: Not mentioned. 

Emergency Power: Three isolated 2,850-kw diesel generators supply a-c power. 
~ny.2 can car.r.y all emergency loads. Fuel-oil supply for 7 days full-load.opera
tion. Units start automatically on signal of low reactor water, or high drywell 
pressure, or on loss of bus voltage. 

Rod-Block Monitor: Operates in conjunction with station computer and Rod-Worth
Minimizer to block rod withdrawal that could cause fuel damage. Latching relays 
limit rod movements. 

Rod Worth Minimizer: Station computer monitors control-rod movements using inter
locks to prevent patterns in disagreement with planned sequences; so, rod worths 
are limited to low values. Component .. failure and/or operator error cannot cause 
fuel enthalpy to exceed 280 cal/gm because of rod-worth-minimizer. 
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Page 5, BWR 

Reactor: Shoreham 

F. MISCELLANEOUS 
' WindsEeed, Direction Recorders, and SeismograEhs: Neteorological facility ·has 

been installed on 135-ft-tall tower. No seismographs mentioned. 

Plant 0Eerating Mode: Load following, with recirculation flow control. 

Site Features: Area is hilly, varying from beach level on i::ong Island souna i:o an 

elevation of 200 ft about 2 mi from i:he site. Station grade is +40 ft. Located on 
Long Island Sound back about 1000 ft from shore line. Site consists of 450 acres 

with site grade of 20'. The area is flat to rolling with areas 2 miles or more 
from plant becoming hilly. Along the ocean, land is residential and recreational, 
but further back, it is undeveloped except for BliiL. 

Turbine Orientation: Ejected blades could strike containment shell. 

Emergenc:i::: Plans: Detailed procedures will be prepared to cope with emergency 
situations. Responsibilities will be assigned and practice drills held. Outside 
help (police and fire) will be called if needed. The Station Manager is responsi-
ble for emergency procedures. 

Environmen~al Monitoring Plans: Meteorological studies t;tarted in 1967 to define 
local peculiarities and to define dispersion conditions. These records will be re-
lated to the long-term records of BNL. An ecology program involving the wetlands 
and off shore waters has been started. These, too, will relate to extensive studies 
of BNL. 

Radwaste Treatment: Off-gas holdup tank providet; 10-hr holdup at atmospheric 
pressure, providing decay factor of between 2 and 16 .. At preRRllTP, '3 daye; holdup 
provided fol: decay factor ot 30 (ref. to 30-min decay) . Favorable dispersion 
conditions will be used for gas release from stack. Release rates as high as 0.5 
curies/sec wtll cause no dose rate at t;ite boundary exceeding 10cfr20. Liquid 
waste will be filtered, demineralized, and evaporated as required. Waste-liquid 
wi.l.l be mixed with circulating water before discharge to Long Island Sound. Solid 
wagteskw~li ge drummed and held for decay before off-site 

tac eig t - 200 ft abov~ 2round (roof-ton vent). · 
disposal. 

Waste Heat S:i:::st·em: Cooling water is taken from Long Island Sound, pwnped 
through the condenser and returned to the Sound. Flow is 600;000 gpm with 19 .5 F 
temp rise. Maximum inlet temperatures during the Sl\mmer will be in the mid 70. 

··-



G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 
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Page 6 

REACTOR NAHE Shoreham lluclear Pm1er 

Station 

THERMAL 

OUTPUT, MWt 2436 

T.YPE or NUCLEAR 

STEAM SYSTEM . BWR 

DOCKET NO~ 50-322 

------
~EARBY BODY OF WATER Long Island Sound NORMAL LEVEL 0 (MSL) ----

MAX PROB FLOOD LEVEL 16' ( MSL) 

SIZE or SITE 450 • ACRES SITE GRADE ELEVATION 20' ( MSL) -----
TOPOGRAPHY OF SITE Flat to Kolling 

_______ ...;;;;.. _____________________ ~ 
OF SURROUNDING AREA ( 5 HI RAD) Rolling to !lilly 

------------------------~ 
IN 5 MI RAD 12 ,300 (1980) TOTAL PERMANENT POPULATION IN 2 MI RAD 3300 (1380) 

NEAREST CITY OF 50 ,000 POPULATION New Haven, Conn. ----------------------DISTANCE FROM SITE 22 MILES POPU~ATION 152 ,OOO (1960 ) 

LAND USE IN 5 MILE RADIUS Residential and Recreational along the ocean, but 

Undeveloped otherwise except for Brookhaven National j,.aboratory 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through ------------------WATER TAKEN FROM Long Island Sound FOR Condenser Cooling 

WATER BODY TEMPERATURES• - WINTER AVG 36 F SUMMER AVG 74 F AVG 511 F ---- ----
RI VER FLOW llA (cfs) avg. *QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 600 ,ooo (gpm) TEMPERATURE RISE 19. 5 r 
*HEAT REMOVAL CAPACITY or CONDENSERS (Btu/hr) *Per Unit ------

COOLING TOWERS None 

---------------------------~ 
OTHER INFORMATION 

------------------------------------------------~ 

NUCLEAR SAFETY INFORMATION CENTER 
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DIABLO CANYON, .50-323 (PWR) Page 1-

Project Name: *Diablo Canyon Nuc·lear 1&2 Reactor: Diablo Canyon 
A-E: PG&E 

Location: San Luis Obispo Co.** Vessel Vendor: Combustion Engi~eering 
Owner: Pacific Gas & Electric Docket No.: 50-323 (also 50-275) 
NSS Vendor: .West.:i.nehouse Containment Constructor: Not spe.cified 

**150 mi NW of Los Angeles 

A. THER..'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3250 H20/U, 3.48 MWt Cold 
Electrical Output, ·1109 Avg 1st-Cycle 12,000 MWe Burnup. MWD/MTU 
Total Heat Output for 3580 First Core Avg 

21,800 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 11,090 x 106 Maximum Burnup, 

50,000 Btu/hr MWD/MTU 
System Pressure, 2250 Region-! 2.20 psia Enrichment, % 
Ul~.DK, 1.81 (W-3) Region 2 

2.70 Nominal Enrichment, % 
Total Flow rate, 135 x 106 Region-3 3.20 
lb/hr Enrichment, % 
Eff Flowrate tor 122.8 x 106 keff, Cold, No 

1.225 Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 47 .9 keff• Hot, Full Power 

1.106 Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 15.7 Total Rod 

7.79 Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.56 x 106 Shutdown Boron, No 

1500 lb/hr-ft2 Rods, Clean, Cold, ppm 
Nominal Core 

539 
Shutdown Boron, No 

1500 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 68.6 Boron Worth, Hot, 

1/85 Core, OF % llk/k/ppm 
Norn Hot Channel 646.o .Boron Worth, Cold, 

1/7.0 Outlet Temp, OF % llk/k/ppm 
Avg Film Coeff, 5970 Full Power Moderator (-0.2 to -3.0) 
Btu/hr ft 2, °F Temp Coeff, l\k/k/°F x lo-i+ 
Avg Film Temp 34. 7 Moderator Press (+0.2 to +3.0) 
Diff, OF 

..... - .- .. C_()C:!ff, 6k/k/risi :.: lo-6 
A~Llve Heac· Trans Moderator Void Coeff 52,200 (-0.2 to -3.0) 
Surf Area, ft 2 llk/k/% Void x 1 o-3 
Avg Heat Flux, 207,000 Doppler Coefficient, (-1 to -2) 
Btu/hr ft 2 l\k/k/°F x lo-s 
Max Heat Flux 583,000 Shutdown !1argin, Hot 
Btu/hr ft 2 One Rod Stuck.% llk/k ---
Avg Thermal 6.7 Burnable Poisons, Pyrex glass tubes i-
Output, kw/ft Type and Form Boron in SST 
Max Thermal 18.9 Number of Control 

1060 Output, kw/ft Rods 53 x 20 
Max Clad Sur- 657 Ni.unber of Part-Length 

160 face Temp, OF Rods (PLR.) 8 x 20 
No. Coolant 4 
Loops 
*PSAR for Unit 2 (50-323) used for data. 

Compiled By: 
Units 1&2 are essentially the same. Fred Heddleson 

Date: February 1971 
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P:.oP 2 PWR 
Reactor: Diablo Canyon 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. o.so Design Winds in mph: ·~ 

Lo'w Population Zone Dist., Mi. 6 At 0 - so ft elev- 10.1 20 
Metropolis Distance Population so - lSO ft 86.5 30 ·-

Santa Barbara 100 mi 69,500 (69) 
: Design Bas is Earthquake lSO - 400 ft 100.0 4::.i Acee!., g 0.20* 

Operating Basis Earthquake Tornado - Not given ' Acee!., G 0.15 

Earthquake Vertical Shock, 
66 t.P = - psi/ - sec % of Horizontal 

Is intent of 70 Design Criteria satisfied? ):'es, each section discusses the criteria 
items that are applicable. 

* 
ENGINEERED SAFETY FEATURES Interpretation of value difficult. These D. shown are 'best guess' 

Dl. CONTAINMENT 

: Design· Press, 47 
Calculated Max 

41 psig Internal Press, psig 
Max Leak Rate at 

. Design Press, %/day 0.1 

T~pe of Construction: Steel-lined reinforced concrete cylinder with hemispherical. 
roof supported on base slab of reinforced concrete. Concrete side walls are 
3 1-611 thick and dome is 2 1-611 thick. Steel liner is 3/8 and 1/4 inch thick. 

--
Design Basis: Designeu·for two major loading conditiono: 1) Failure of coolant 
system creating high pressure and elevated temperature in containment, 2) Failure 
·of coolant system coincident with earthquake or tornado winds; so that 9.ll radio-

·activity released from core after LOCA can be contained. 

l 

Vacuum Relief Capabilit~: Designed for 3;5 psig vacuUlli. 

Post-Construction Testing: Pressure tested at 
performed at 47 psig. 

54 psig. Leakage rate tests will be 

l:'enetrations: All penetrations, including 
·provided with testable double containment. 

access openings, and vent ducts are 

Weld Channels: Liner welds are covered with steel channels for leak testing. 
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Pa2e 3. PWR 

Reactor: ·Diablo Canyon 
02. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Two pumps take suction from the refueling water storage 
tank to each supply 2600 gpm @ 300 psig of borated water with NaOH additive for 
iodine removal. Water is sprayed into the containment atm9spere for temp and 
pressure control after a LOCA. 

Containment Cooling: Five fan-cooler units operate to maintain temp below 120F 
during operation. Incoming air passes through a roughing filter during normal 
operation. In case of accident, dampers .shift· to directing air through an extra 
filtration unit. At normal operating conditions, each unit can remove 3.14 x 106 

Btu/hr. 

Containment Isolation System: Two barriers are provided by iso1ation valve to 
leakage of radioactivity from the containment. Isolation valves· close with auto
matic safety injection actuation, and when containment spray is actuated. 

Containment Air Filtration: Air can be passe·d through roughing' filter and HEPA, 
plus a moisture eliminator coupled with air coolers. The purge air.system can 
remove 50,000 cfs through filters. 

Penetration Room: Fig. 1-5 shows a penetration area. around containment at 
ground elevation of 85 ft. 

Organic-Iodide Filter: No reference found. 

Hydrogen Recombiner:. l:'age J.~-~4 or oai·ety t;va.l.uation or J.arge pipe brake stat.es 
that "hydrogen is assumed to burn as it is produced." 

03. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four accumulators, each holding 6400 gallons of borated 
water dump their contents into each of the 4 cold legs when reactor pressure 
drops to 650 psig. Tanks are pressured with nitrogen. Act'ion is passive, check 
valve opening at the 650 level. 

High-head Safety Injection: Two centrifugal charging pumps driven by electric 
motors can each supply 150 gpm @ 2800 psig of borated water from the refueling 
water storage tank, fi1·st sweeping concentrated boric acid f~om the boric acid 
tank and then pumping borated from the refueling water storage tank. 

Low-head Safety Injection: Safety inject.ion pumps· (intermediate rR.nge of 1700 
psig ~own tn 1520 pcig) supply 400 gpm@ 1700 psig .. Low head pumps are the 
Residual Heat Remo~al Pumps and supply 3000 gpm at 600 psig from the refueling 
water storage tank only when reactor pressure has dropped to 170 pBlg. 
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Pai>e 4 PWR 

Reactor: Diablo Canyon 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Miss.ile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Any increase in observed normal para
meters will indicate a change. in containment, and equipment provided. is capable 
of monitoring thes.e changes. The design objective is 9.etection of deviations in 
air particulate activity, radiogas activity and in addition, in the case of .gross 
ieakage, the liquid inventory in the process systems and containment sumps. 

Failed-Fuel-Detection Systems: No reference found. 

Emergency Power: There are two diesel-generator sets for each unit with one extra 
generator set shared by both units. Generators are rated 4.16 kv, 3 phase, 60 
cycle, 2500 kw, 0.8 pf. Individual diesel generators are physically isolated 
from each other, arid from other equipment. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid solution in the coolant. 

Part-Length Cont"rol Rods· - 160 in core, not moving for power control but 
contributing to shutdown margin. 

In-Core Instrumentation -

Unborated Water Control: ·When boric acid concentration is being reduced, the 
rate of change of Keff attainable is so low that there is ample time for cor
rective action before criticality is re~ched. If plain demineralized water 
should be injected by boric acid pumps, reactivity changes is well within the 
reactivity control range provided by control rod cluster motion. Therefore 
Protective System provides adequate protection. 

Long-Term Cooling - Internal or External Sys terns: Lo g t 1 . uld b . . n - erm coo ing co e 
provided using the Residual Heat Removal System pumps and heat exchangers. 
Water would be pumped from the sump, through heat exchangers to the reactor 

, ~oolant system. Heat exchangers are cooled by the service water system using 
·ocean water. 
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age 
' 

P 5 PWR 

Reactor: Diablo Canyon 
F. MISCELLANEOUS 

Winds peed, Direction Recorders, and Seismographs: Data collection system has been 
insta.Lled at srte r·or me-ceoro.wg1caJ. aa-ca. ua~a has been collected since Iil.id-
1967. The 250' high tower is mounted on top of a hill at 914 1 level. Unit 1 
has a strong motion a.cceleI"ometer. 

Plant Oeerating Mode: Load following. 

S.i te Features: Located on 750 acres along the Pacific Oc~an about 150 Iil.iles NW Of 
I.os .Angeles. Land rises steeply from the oc:ean with site being hilly. Site grade 
is 85 ft. MSL. Area surrounding the site is hilly and mountainous and very 
sparsely populated. Only 14 live in a 5 mile radius and 4500 in a 10 Iil.ile 
radius. Land is undeveloped. 

Turbine Orientation: Centerlines about 170 ft apart · - ejected turbine blades 
could strike containment structure. 

Emergenci Plans: Five diesel-generator sets, 2 for each unit, "and one shared 
are available. 

Environmental Monitoring Plans: Program will be started about 2 years before 
beginning of operation to learn about naturally occurring radioactivity to 
furnish a base for post-operational testing. Samples will.be taken of air, 
Iil.ilk, vegetables, sea water, kelp, sea food products and bottom sediment. 
Sampling program at Rumbolt Bay will be used for further guidance. 

Radwaste Treatment:. Liquid wastes are collected and processed by filtration or 
evapor1zation. The evaporator condensate may be reused as reac;:tor plant. mFl)<.P.1.\p 

-water or di2chai·g~u ~u 'the ocean via the condenser discharge in.accordance with 
10CFR20 limits. The evaporator residues are stored, packaged and shipped from 
the site for disposal. Gaseous wastes a1·e collected and stored until radioactivit 
level is low enough for discharge in accordance with 10CFR20 limits. Solid wastes 
are packed in 55 gal. drums and shipped off-site for disposal. 

Stack'Height - No reference found. 

Waste Heat S~stem: Once-thru cooling taking water from the Pi:i.dfic Ocean o.nd 
returning it to the ocean. A total of 867,000 per unit is requirerJ, all but 

. 4000 of this being used to cool the condenser. Heat"'rise in conclenser is 18F. 

. .. 
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Page 6 

_G. CIRCULATING WATER SYSTEM lttACTOR NAME Diablo Canyon iluclear 

& SITE FEATURES Units 1 & 2 

TllERMA4 TYPE OF NUCLEAR DOCKET NO. 50-275 

OUTPUT, MWt 32SO STEAM SYSTEM PW!<. 50-323 

NI:ARBY BODY OF WATER Pacific Ocean NORMAL LEVEL 0 (MSL) 

MAX PROB FLOOD LEVJ::L · 18 1 (MSL) 

SIZE OF SITE 7SO ACRES SITE GRADE ELEVATION as• (MSL) 

TOPOGRAPHY OF SITE Hilly 
----------------------------------------------------------0 F SURROUNDING AREA (5 MI RAD) Hilly to :fountainous 

~--------------------....,,I~n--..l~O-i~l1~'--.....,1,~4~4~3--....,..(~l9~7~0.-..) 

TOTAL PERMANENT POPULATION IN 2 MI RAD t1 (19 70) IN 5 MI RAD 111 (1970) ----
NEAREST CITY OF so.ooo POPULATION Santa Barbara, Calif. 

----------------------------------------~ DISTANCE FROM SITE 100 MILES POPULATION 69,5000 (1969) ----
LAND USE IN 5 MILE RADIUS Undeveloped, Wooded 

------------------------------------------------~ 

CIRCULATING WATER SYSTEM TYPE OF.SYSTEM Once through 

WATER TAKEN FROM .Pacific Ocean 
--------------------------------~ 

FOR Condenser Cooling 

WATER BODY TEMPERATURES WINTER AVG S2 F SUMMER AVG fi2 F AVG_-_F 

RIVER FLOW llA (cfs) avg. :':QUANTITY OF MAKEUP WATER (gpm) 

•"TOTAL FLOW THROUGH CONDENSERS. 863,000 (gpm) TEMPERATURE RISE. 18 F 

'''HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) •~Per Unit 

COOLING. TOWERS : ; o:-ie 

----------------------------------------------------------
OTHER INFORMA'!'.lON 

-----------------------------------------;-.---------

--· 
__ ... ""'-"'.--

-·-··"'·-~ - ____ .... --.. 
----. ,,,.,.. --.. 

NUCLEAR SAFETY INFORMATION CENTER 
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BRUNSWICK, 50-324 & 50-325 (BWR) Page 

Project Name: Brunswick Steam Electric 
Plant.1&2 

Location: Brunswick Co., N.C. 
Owner: Carolina Power and Light 
NSS Vendor:General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design, MWt 
Steam· Flow Rate, 
lb/hr 
Total Core Fl.ow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Area, ft 2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surface Temo °F 

MCHFR 

Total Peaking 
Factor 
Avg Power 
Kw/'l 

TX-4J77 
(8-70) 

Density, 

. 

2436 

847 

2550 

10.4 x 106 

75.5 x 106 

1005 

48,451 

18.5 

428,308 

164,740 

4380 

558 

>l.9 

2.60 

51.2 

Reactor: Brunswick 
A-E: United Engineers & Constructors 
Vessel Vendor: Combustion Engineering 
Docket No.: 50-324, 50-3?5 
Containment Constructor: Brown & Root 

B. NUCLEAR 

H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -5.0 x lo- 5 
Cold, b,k/k/°F 
Moderator Temp Coef -39.0 x 10-5 
Hot. No Voids -17 
Moderator Void Coef -1.0 x lo-3 
Hot, No Voids, b,k/k/% 
Moderator Void Coef -1.5 x lo-::i 
Operating 
Doppler Coefficient, ...,1~3 x 10-5 
Cold 
Doppler Coefficien~, -1.2 x 10-5 
Hot, No Voids 
Doppler Coefficient, -1.3 x lo-5 
Operating 
Initial Enrichment! 2.25 
% 
Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Void 43.1 
Within Assembly, % 

keff' All Rods In 0.95 

keff' Max Rod Out 0.99 

Control Rod Worth, ---
% 
Curtain Wor·th, ---
% 
Burnable Potsons, Flat sheets, 
Type and Form 248 Natural Boron 
Number of Control 

137 Rods (cruciform) 
Number of Part-Length ---Rods (PLR) 

Compiled by: Fred Heddleson and 
Date: Carlos Bell 

-· 

1 

SST 
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Page 2 , /;t,rr> 

Reactor: Brunswick 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusi'on Distance, Mi. . (). s 7 _Design Winds in moh: 

Low Population Zone Dist., Mi. 2·.o 
0 so ft 130 At -

Metro2olis Distance Population 
Wilmington, N.C. 20 mi. 53,500 ( 

1 69) . so - !SO ft . 150 

Design Basis Earthquake 0.16 !SO - 400 ft 180 
Acee!., g 

300 + 60 trans. Tornado mph tang. 
Operating Basis Earthquake 

0.08 Acee!., g LiP = 3 psi/ 3 sec 

Earthquake Vertical .Shock, 
66 

Is intent of 70 design criteria 
% of Horizontal Satisfied? Yes 

I 

Peak Fuel Enthalpy on Rod Dro2: c)U cailgm 

Recirculation Pumping System & MCHFR: JJesignea such that MCHFR will always exceed 
1.0 even for any failure. 

-
Protective System: Designed to J?revent fuel damage on any type of single mal-
function or error. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 
.. 

. Dr:ywell Design (Changed from) 53 Prim Ctmt Leak 0.5 
Press, psig 62 to 53 Rate, %/day 

. Supprn Chamb Design Second Ctmt .Design 
·Press, psig ?3 Press, psig 0.25 
I.ale Max Internal SecoriCl Ctmt Le.ak 
Pl'.'P.SS, psig 4t5 Kate, 7./day 100 

Ty2e of Construction: Drywell will be steel-lined reinforced cuncrete·pressure 
vessel consisting of a series of right cylinders and truncated cones forming a 
shape similar to the inverted light bulb. The pressure suppression chamber will 

'be a steel-lined reinforced concrete torus. 

Design Basis: Designed for dead loads, live loads, and loads associated with 
site environment such as earthquake,· wind loads, etc. Designed to limit off-site 
exposure doses iu case of LOCA so thnt doses will be less than limits of lOCFRlOO. 

Vacuum Relief CaEability: Design vacuum is 2 psig. 

Post-Construction Testing: Provisions shall be made for preoperational pressure 
and leak rate testing of the primarY containment system and for leak testing at 
periodic intervals after the plant has commenced operation. Provision shall also 

.be made for leak testing selected penetrations • 

. t>enetrations: Some are double sealed, some single. PSAR states that all are 
testable. 
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Pa2e 3 BWR . 
Reactor: Erunswick 

D2. EMERGENCY CORE COOLING SYSTEMS 

Core SEray Cooling System: Designed to circulate water from pressure suppressi0n 
pool to reactor vessel. Water will be distributed directly to the reactor core by 
spray headers mounted inside and above the reactor core to cool the reactor ~ore in 
the event of LOCA. Two 100% capacity pumps can each supply 4G25 gpm @ 145 psid. 

Auto-DeEressurization System: Relief valves open on simultaneous signals of high 
drywell pressure, low HPCIS flow and loss of reactor water level to depressurize 
the system, thus dropping the pressure so low-pressure coolant injection system 
will be able to cool reactor core. 

---··-Residual-Heat-Removal System (RHRS): Consists of these three subsystems: 
1) Low Pressure Coolant Injection (described below) 
2) Containment Sprays System which will limit drywell pressure by spray cooling 

after LOCA, and also by circulating water through heat exchangers will li""li t 
suppression pool temp to 170F. 

3) Reactor Shutdown Cooling System to remove decay heat and sensible heat from 
reactor core during normal shutdown. 

~igh-Pressure Coolant-Injection S~stem: une steam-turo1ne-dr1 ven cons·~~nt-flow 
pump assembly supplies borated water from the condensate storage tank through the 
reactor feedwater system from condensate storage tank or suppression pool. Clad 

·melting prevented for breaks < 0.5 ft 2 . Pump supplies 4220 gpm@ 1120 psid and 
operates at pressures from 1120 down to 150 psid. 

L.ow-Pressure Coolant-Injection System: Four 1/3 capacity pumps can each supply 
7700 gpm @ 20 psid to flood core and prevent fuel melting. System starts on low 
water level in reactor or high pressure in drywell with low pressure in coolant 
system. When circulating through RHRS heat exchangers, this LPCIS is a mode of 
RHRS. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant S:tstem: Interconnections between discharge of RHRS-servi.ce 
water pumps and discharge RHRS pumps provide an infinite supply of water for 
cooling reactor. 

Main-Steam-Line Flow Restrictors: Venturi in each main steam line betweP.o 
reactor vessel H.nd first i3ole.tion valve limits steam flow in .a broken line to 
<200% of its rated flow. 

Control-Rod Velocit~ Limiters: Large clearance piston on bottom of each control 
rod assembly limits free fall velocity to <5 fps but does not limit scram velot.:ity. 

Control-Rod-Drive-Housing SuEEorts: Horizontal beams below reactor vessel with 
attached rods and support bars limit downward travels of a broken loose housing to 
3 inches. 

Standb~ Liguid-Control System: Sodium-pentaborate injected through a ring l;parger 
by two pumps ca.11 inject enough poison in 100 minutes to shut down reactor with no 
rods inserted. 
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Pa2e 4. BWR 
Reactor: Brunswick 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmos.pheric Control System: Average operating temp will be 135F with 
150F max. Nitro.gen can be introduced into containment to· minimize H2-02 reactions 
after LOCA. 

Reactor Core Isolation Cooling System .(RCICS): To remove decay heat should 
reactor feedwater system capability be lost and other normal removal systems 
which require plant auxiliary electrical power systems for operat.ion are not 
available. The system will consist of the reactor system relief valves which 
will pass steam directly to the suppression chamber and a steam turbine driven 
makeup pump which will supply makeup from the condensate storage. tank. Steam 
to drive the turbine will come from the main steam line header and will exhaust 
to the suppression chamber pool. 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Third supplement to PSAR in answer to 
comment 4.4 states that leak detection will be by totalizing flow from the 
drywell floor drain sump and equipment drain tank. 

Failed-Fuel Detection Systems: Monitors on each main steam line when measuring 
high activity level signals ·a scram and causes isolation valves to close. 

Emergency Power: Four buses and 4 diesel generators (2750 kw} constitute a 
standby power system cpmmon to both units. If off-site power is lost, the four 
buses. with their associated diesels will' operate as four· isolated syst.ems and 
shutdown.loads from both reactors will be powered from the saine buses. Therefore, 
there.will be a minimum of interaction between unit::;. Fuel. oil supply available 
for. 1 days of operation. 

Rod-Block Monitor: Prevents control rod withdrawal error and consequent fuel 
damage. Uses LPRM signals which block rod withdrawal on high trip in RBM channel. 
Monitor bypassed at low power. 

··Rod Worth Minimizer: Monitors rod withdrawal and insertion sequences during 
startup and low power operation and blocks certain movements. Rod worths 
limited to those which would result in fuel enthalpies of 250-·cal/gm on rod 
drop. 
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Page S, BWR 

Reactor: Brunswick 

F. MISCELLANEOUS 

Winds2eed, Direction Recorders, and SeismograEhs: Sensors to be placed on 300-ft 
high tower at the site. Convenience of readout not discussed. Seismographs not 
mentioned. 

--
Plant 02erat~ng Mode: Load following. 

Site Features: Located on a 1200 acre site ~5 mi off the Atlantic Ocean and 
about 1 3/4 miles west of Cape Fear River. Site is typical flat coastal plain 
sparsely populated with local land either undeveloped or used for limited farming. 
In 2 mi radius there is 621 population and in 5 mi radius, 3509. Wilmington, N.C. 
(20 miles away NNE) is the nearest town with more than 50,000 population. 

Turbine Orientation: Ej ectcd turbine blades could strike containment if they 
were slightly deflected. Centerlines are about 215 ft apart. 

Emerg_ency Plans: Plans will be formulateu so that emergencies can be handled in 
an efficient manner with a minimum of exposure to personnel and the general public. 
Periodic drills will be run so each individual will be familiar with his duties. 
A plan will be developed for local hospital treatment of contaminated personnel. 
Outside assistance will be called for when needed. 

Environmental Monitoring Plans: A preoperational environment al radioactivity 
monitoring program will be initiated and conducted at the site. Data collection 
will be conducted approximately one year prior to plant startup to measure radio-
activity present in the environs. The program will be· continued a~er operation 
to assure prompt detection and evaluation of any changes in radioactivity. 

Radwnote Treatment: Gaseuus, liquid, and solid waste control will be proviclecl to 
limit the release of radioactive material from the site within applicable regula-
tions. Gaseous waste from each unit will be released via the common 100 meter 
sto.clt. Liquid and soliu waste from each unit will" be process .. J. in the common rad-
waste facility. There will be a sepa.:r:1::1.Le prncess of'f'-gas syotcm for each unil, 
each with independent monitoring. Combined gas effluent from both units will also 
be monitored and 10CFR20 limits will apply to aggregate. releases. Liquid and solid 
wastes will be processed in a conur~n facility, liquid being released through the 
circulating water system and solid waste being packaged for off-site disposal. 

Stack Hei!:!iht - 100 Meters 

Waste Heat System: Condenser cooling water will be taken from Cape Fear River 
and discharged to the Atlantic Ocean about 2000 ft offshore. The ucean discharge 
is a change from the original plan for discharge back to the river. Condensers 
will use 675,000 gpm each with 17F temp rise. 
Bt1.1/hr. 

Condenser capacity is 5600 x 106 

. 

.. 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

RLACTOR NAME Brunsnick Steam Electric 

Plant Units l ~ 2 

TllERMAL TYPE or NUCLEAR 

STEAM SYSTEM BHR 

·oocKET NO. 50-324 

50-325 OUTPUT 
9 

MWt __ 2_4_3_6 __ -------
NI;ARBY BODY OF .WATi;R · Cape Fear River (1 3/11 mi) NORMAL LtVi;;L 0 (M&L) 

l<J. 4 I (MSL) MAX PROB FLOOD LEVI:L 

SIZE or SITE 1200 ACRES 20 1 

SITE GRADE ELEVATION (MSL) ----
TOPOGRAPHY or SITE_F_l_a_t ____________________________________ __ 

or SURROUNDING AREA (5 MI RAD) Flat ----------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 621 (1955) IN 5 MI RAD 3509 (1966) 

NEAREST CITY OF 50 1 000 POPULATION_w_i_·1_m_i_n.g~t-o_n~,_l_~_.c_ • ..._ ____________ _ 

DISTANCE FROM SITE 20 MILES POPULATION 53,500 (1959) 

LAND USE IN 5 MILE RADIUS Less than half for. Agriculture, the balance is either 

Swamps or Wooded 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 

WATER TAKEN FROM Cape Fear River FOR Condenser Cooling 

WATER BODY TEMPERATURES - WINTER AVG - r SUMMER AVG - r AVG - F 

RIVER FLOW 9000 (cfs) avg. "'QUANTITY OF MAKEUP WATER (gpm) 

"'TOTAL FLOW THROUGH CONDENSERS 675,000 (gpm) TEMPERATURE RISE 17 F 

'~HEAT REMOVAL CAPACITY OF CONDENSERS 5600 X 106 (Btu/hr) "'Per Unit 

COOLING TOWERS None ------------------------------------
OTHER INFORMATION Cooling water taken from Cape Fear ·River and Discharged 2000' 

off.shore in the Atlantic ·ocean. 

Nl)CLEAR SAFETY INFORMATION CENTER 
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SEQUOYAH, 50-327 ·& 50-328 (PWR) Page l 

Project Name: Sequoyah Nuclear Plant , Units 1&2 Reactor: Sequoyah 
A-E: TVA 

Location: Hamil ton Co. , Tenn.* Vessel Vendor: Westinghouse 
Owner: TVA Docket No.: 50-327' 50-328 
NSS Vendor: Westinghouse Containment Constructor: TY.A 

*12 mi N~ of Chattanooga 

A. THER..'1AL-HYDRAULIC B. !/UCL.EAR 

Thermal Outµut, 
3423 H20/U, 3.48 .MWt Cold 

Electrical Output, 1129 Avg !st-Cycle 13,780 MWe Burnup MWD/MTU 
Total Heat Output for 

3594 First Core Avg 24,400 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 11,639 l( 106 . Maximum Burnup, ---Btu/hr MWD/MTU 
:system Pressure,-- 2250 Region-! 2.20 
psia Enrichment., % 
JJN.DK, 2.00 Region-2 2.70 Nominal Enrichment, % 
Total Flow rate, 134 x 106 Region-J 3.20 lb/hr Enrichment, % 
Err Flowrate for 127 .3 x 106 keff, Cold, No 

L225 Heat Trans lb/hr Power, Clean 
Eff Flow Area for 51.4 keff• Hot, Full Power 1.148 Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 15.4 Total Rod 

7 Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.49 x 106 Shutdown Boron, No 1460 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 545 Shutdown Boron, No 1560 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 67.8 Boron Worth, Hot, 1%/85 ppm 
Core, OF % llk/k/ppm 
Nom Hot Channel 643.6 Boron Worth, Cold, 1%/70 ppm 
Outlet Temp. °F % llk/k/ppm 
Avg Film Coeff, 5770 Full Power Moderator \-0.<:'. 'LO -j.UJ 

F.'.:•.:/ar ft 2, °F Temp Coeff, llk/k/°F x lo-'+ 
Avg Film Temp 37 .7 Moderator Press \+U.~ 'LO +3.UJ 

Diff, OF Coe ff, llk/k/psi x lo-6 
Active Heat Trans . 52 ,200 Moderator Void ·coeff l-U.<:'. 'LO -j.UJ 

Surf Area, ft 2 llk/k/% Void x lo-3 
Avg Heat Flux, 217,200 Doppler Coefficient, (-1 to -2) x lo-s 
Btu/hr ft 2 flk/k/°F 
Max Heat Flux 579,600 Shutdown !1argin, Hot 1 
Btu/hr ft 2 One Rod Stuck.% llk/k 
Avg Thermal 7.0 Burnable Poisons, ---Output, kw/ft Type and Form 
Max Thermal Number of Cuntrol . -

18.8 1060 
Output, kw/ft Rods 53x20 
Max Clad Sur- 657 Number of Part-Leng t.h 160 face Temp, oF Rods (PLR) 8x20 
No. Coolant 4 
Loops 

Compiled By: Fred Heddleson 

I Date: February 1971 
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P:.op 2 PWR 
Reactor: Sequoyah 

c. SAFETY-RELATED DESIGN CRITERiA 

Exclusion Distance, Mi. b.36 Design Winds in mph: 

Low Population Zone Dist., Mi. 7 At 0 - 50 ft elev 95 

Metropolis Distance Population 
50 - 150 ft 110 

Chattanooga, Tn. 12 mi. 130,000 (
1 60) 

Design ~asis Earthquake 
0.14 150 - 400 ft 130 Accel., g 

Operating Basis Earthquake 
0.07 Tornado 300 mph tang. + 60 trans. Accel., G 

Earthquake Vertical Shock, l::i.P = 3 psi/ 3 sec 
· % of Horizontal 71 

Is intent of 70 Design Cri·teria satisfied? Yes, see Section 1.4. 

-

D. ENGINEERED SAFETY f'.EATURES 

Dl. CONTAINMENT. 
-

Design Press, 10.8 Calculated·Max 7.5 
psig Internal Press, psig 
Max Leak Rate at 

·Design Press, %/day 0.5 

T~pe of Construction: Conta:l.nment is a free-standing steel vessel design.ed to 
resist seismic lo~ds. The shield building is a reinrorced concrete structure of 
right cylinder configuration with a shallow dome roof. The annular space between 
the two structures houses the ice condenser. 

-·-·· ·-· Design Basis: Containment vessel designed to withstand the internal pressure of 
LOCA and be virtually leak tight. Also, structures are designed to resist all ex-
'ternal loads such as winds, tornados, snow, .external ·missiles and earthquakes • 

Vacuum Relief Capability: ·Designed for 0.5 psig external pressure. Vessel is 
vented to eliminate pressure surges using purge connections to relieve pressure 
buildup. 

Post-Construction Testing: Tested at 5 psig using soap bubble inspection, then 
again at 12 p'sig. Leakage r'ate test·s shall be run a~er construction is complete 
and periodically therea~er. 

t'enetrations: Cold pipe penetrations have double seals. Electrical penetration 
assemblies can be pressure tested. 

· Weld Channels: Used on bottom liner plate seams. Weld channels are leak 
tested by pressurizing. 
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Pa2e 3. PWR 

Reactor: Sequoyah 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Heat removal capacity of each spray system (2) is sized 
to hold containment pressure below design a~er all ice has melted and residual 
heat continues to be generated. Four pumps (2 per system) deliver 2600 gpm @ 300 
psig to the spray headers fr.om the refueling water storage tank. When this supply 
is exhausted, suction for recirculation mode is taken from containment sump. 

Containment Cooling: Upper compartment uses 3 recirculating vent units plus one 
standby. Temperatures are held between 60F and llOF. The lower compartment has 
3 normally operating units plus one s~ .. andby which hold temperatures between 60F 
and llOF. 

Containment Isolation System: Proviccs a means for isolating various pipes pas
sing through containment walls to preve:1t release of radioactivity to the outside 
environment. Each penetration has two valves on the line - one on the inside and 
one on the outside of containment. Valves close automatically. 

Containment Air Filtration: Pu:rged air from upper and lo'Her compartment passes 
through both HEPA and charcoal filters. Air from the Instrument room is passed 
through charcoal filters before leaving containment. 

Penetration Room: No reference found on drawings. 

Organic-lodide Filter: No reference found. 

Hydrogen Recombiner: No reference found. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks, each holding 6350 gallons of borated water. are 
connected into the four cold legs of the reactor. Tanks are pressurized to 6)0 
psig with nitrogen gas. When reactor pressure falls below 650 psig, check valves 
open automatically dumping contents of the accumulators into the reactor to pre
vent fuel melting. 

High-head Safety Intection: Two centrifugal pumps each having a capacity of 150 
gpm at 2800psi injec borated water as makeup for small leaks or as first injection 
system to operate after LOCA. Suction is taken fro~ the boron injection tank 
sweeping concentrated boric acid into the coolant system, and la.t.~r suction ic 
taken from the refueling water storage tank. 

Low-head Safety Injection: Two centrifugal pu.mps each having a capacity of 
· 400 gpm @ 1700 psig. ope.n1.Le after high-head injection system. As the pressure 
drops, the Residual Heat Rellioval pumps begin to operate at "'600 psig discharging 
3000 gpm (each for 2 p1.1mps) taking borated water from the refueling water storage 
tank. 
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a2e . P 4 PWR 

Reactor: Sequoyah 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No re:ference :found. 
Missi·le & Reactor Forces -

Core Cooling Capability -

Containment Fioodabiliti -

Reactor-Coolant Leak-Detection Systems: Containment air activity and humidity 
monitored continuously :for changes in conditions indicating leiikage. Also 
monitored are air particulate activity, radiogas activity, liquid inventory in 
process systems , and the containment sump. 

Failed~Fuel-Detection Sistems: There is a rod burst program being studied and a 
:failed :fuel monitoring research program (l.6-20). No later re:ference found. 

Emergenc~ Power: System consists· o:f three 6900-volt, 3-phase·, 60-cycle diesel 
generators with a capacity o:f 2850 kw each. The three generator sets are 
physically separated and electrically isolated :from each other. If one o:f the 
three diesel generators should :fail to start or carry load, the.system continues 
to provide two unparalleled channels o:f emergency power to the plant, which hav.e 
a combined capacity to provide a sa:fe shutdown. 

Control of Axial Xenon Oscillations: 
R11rn.<1hle Sh,U\ij - Boric acid in the coolant. 

Part-Length Control Rods - 8 assemblies of 20 rods each will be inserted in th~ 
core during operation. These assemblies will not 

In-Core Instrumentation -
trip but remain in place. 

Designed to give information on neutron flux distribution. 

Unborated Water Control: There are three modes o:f adding boric acid solution: 
1) Automatic riiakeup, 2) Dilution, 3) Boration. Each mode has certain automatic 
control or monitoring to prevent over dilution. 

· Long-Term Cooling - Internal or External S~stems: Long term cooling is furnished 
by Containment Spray System.or the Residual Heat Removal System described on 
page 3. 
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Page 5 PWR 
' 

Reactor:.Sequoyah 
F. MISCELLANEOUS 

Winds peed, Direction: Recorders, and Seismographs: Data from other sites being 

used for preliminary studies. A meteorological tower will be installed at the 

site one year before operation starts. Seismographs not mentioned. 

Plant. Operating Mode: Load following. 

I 

S.ite Features: Located on the· west side of Chickamauga Lake \TVA reservoir) 
about 12 miles NE of Chattanooga, Tenn., oh 525 acres. Site is rolling with site 

grade of 705' . Normal reservoir pool stage is 682.5. Area surrounding the site 

is hilly. The site lies in a wide valley about 10 miles wide. Land usage is 
mostly rural undeveloped, but residential areas are creeping in. The lake is used 

extensively for recreation. Population in 1980 will. be 1440 in 2 mi radius, and 
11,420 in 5 pii radius. 

Turbine Orientation: It is unlikely that blades ejected from a turbine could 
strike the containment structure. 

Emergencx Plans: Written procedures pertinent to reactor operation, hanaJ.ing 
of radioactive material, and fuel-handling operations will be prepared to cover 
all normal and reasonable foreseeable emergency conditions. 

Environmental Monitoring Plans: A stuay 01 raaiai;ion J.eve.Ls wiJ..L oe si;ar t.eu. 

about 2 years bP.fo:re startup and will continue through startup (1973) and opera-

tion. The program will be coordinated with similar programs conducted by Oak 
Ridge National Laboratory, the nationwide fallout sampling and water quality 

networks, and the radiological health programs of the States of Tennessee, 
Georgia, and possibly Alabama. It will include measurement of direct gamma 
radiation and sampling of airborne radioactivity, fallout particulate matter, 
ra.infall, surface water, aquatic biota, public water supplies, water supply 
wells, soil, vegetation, and milk. 

Radwaste Treatment: Liquid wastes will be collected, processed by filtration or 
evaporation and held for reuse or discharged through the condenser discharge. 
GaRP01.\S waliteE will be collt:!cl.t:!U., held :fcir decay until low enough in activity for 
release in accordance with 10CFR20. 

Stack Height - Could not find. 

Waste Heat sxstem: A once-through cooling system.will be used taking water from 
Chickamauga LakP., passing through condensers with 29F temp rise and back into the 
lake through a lagoon. Total flow for each of two reactors is 535,000 gpm. Mean. 
river flow· is 36,500 cps. At mean flow, there will be a rise in temp of less than 
2F, after mixing. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Sequoyah Nuclear Plant 

THERMAL TYPE OF NUCLEAR DOCKET NO. 50-327 

OUTPUT, MWt 31~23 STEAM SYSTEM PWR 50-328 

HCAIWY BOIJY OF WATER Chickamaul?ia Lake NORMAL Ll:VI:l, E~6·5'(MSL) 

MAX PROB FLOOD LEVEL 702 1 (MSL) 

SIZE OF SITE 525 ACRES SITE GRADE ELEVATION 705 1 (MSL) 

TOPOGRAPHY OF SITE_~Ro~l~l~i~n:.a..-----------------------~ 
OF SURROUNDING AREA (5 MI RAD) Hilly 

-:.=-i:..:i.1"---1-4_4_0--(~1-9_0_0~)-------1~1~4~2~0--,.(1~9~0~0'"'"") 

TOTAL PERMANENT POPULATION IN 2 MI RAD 770 (1960) IN 5 MI RAD 6105 (1960) 

NEAREST CITY OF 50
1
000 POPULATION __ ch_a_t_t_a_n_o_o~g•a~1._T_e_n_n_. ___________ ~ 

DISTANCE FROM SITE 12 MILES POPULATION 130 ,000 (1960) 

LAND USE IN 5 MILE RADIUS Residential, Recreational, with balance Undeveloped 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through using a lagoon 

WATER TAKEN FROM Chi~k.!!.\(1.!'!Uga Lake 

WATER BODY TEMPERATURES - WINTER AVG 42 F 

FOR Condenser Cooling 

SUMMER AVG 83 F · AVG 62 F 

RIVER FLOW 36 ,500 ( cfs) a_vg. 

;TOTAL FLOW THROUGH CONDENSERS 

*QUANTITY OF MAKEUP WATER (gpm) 

535,000 (gpm) TEMPERATURE RISE 29 F 

;TIEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit ------
COOLING TOWERS Hone ------------------------------

OTHER INFORMATION Water flows from lagoon Lack into l.:ilrn thl"ough m1.1 ).t:iport 

diffusers across the bottom of 

· .. ~. 
· ....... 

NUCLEAR SAFETY INFORMATION CENTER 
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MIDLAND, 50-329 & 50-330 (PWR) Page 1 

Project Name: Midland Nuclear Power Plant, 1&2 Reactor: Midland 
A-E: Bechtel 

Location: Midland Co. , Michigan Vessel Vendor: Babcock & Wilcox 
Owner: Consumers Power Company Docket No.: 50-329, 5,0""'.330 
NSS Vendor: B~bcock & Wilcox Co. Containment_Constructor: Not specified 

A. THER.'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 
2452 H20/U, 2.85 

MWt Cold 
Electrical Output, 818* ·Avg 1st-Cycle 13 '540 MWe Burnup, MWD/MTU 

< 
Total Heat Output for 

2552 First Core Avg 27,490 (equil) 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

8369 x 106 Maximum Burnup, 55,000 design 
Btu/hr MWD/MTU 33,000 hot bundlE 
System Press tire, 

2200 Region-! 
2.30 psi a Enr i chm en t, % 

UNtlK, 2.21 Region-2 
2.30 Nominal Enrichment, % 

1otal Flow rate, 131.3 x 106 Region-J 
2.64 lb/hr Enrichment, % 

Eft Flowrate tor- 124.2 x 106 keff, Cold, No 
1.271 

. -
Heat Trans lb/hr Power, Clean 
Eff Flow Area for 49.19 keff • Hot, Full Power 

1.218 Heat Trans, ft 2 Xe and Sm· 
Avg Vel Along 15.7 Total Rod 

8.0 Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.52 x 106 Shutdown Boron, No 

810 lb/hr-ft2 Rods, Clean, Cold, ppm 
Nominal Core 

555 Shutdown Boron, No 450 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 49.3 Boron Worth, Hot; - 1/100 
Core, OF % lik/k/ppm 
Norn Hot Channel 647.1 Boron Worth, Gold, 1/75 Outlet Temp, OF % lik/k/ppm 
Avg Film Coeff, · 5000 Full Power Moderator (0 to -3) x 10-t+ 
Btu/hr ft 2, °F Temp Coeff, lik/k/°F 
Avg Film Temp ~ 31 Moderator Press i4'. OxlQ I to 
Di~~''· .~ .. L- C9etf, b,k/k/-psi 3.()XJ()-6 
Active Heat· Trans 49,734 Moderator Void Coe ff 14. ox10 "'+ to 
Surf Area, ft 2 lik/k/% Void -3.0xrn- 3 

Avg Heat Flux, 163,725 Doppler Coefficient, (-1.l to -·1. 7) 
Btu/hr ft 2 lik/k/°F x 10-s 
Max Heat Flux -. 

510 ,300 Shutdo~n ~argin, Hot , Adequate 
Btu/hr ft 2 

· One 'Rod Stuck • % lik/k (p 1-15) 
Avg Thermal 5.4 Bur_nable Poisons, At2 0 3B4 C 
Output, kw/ft Type and Form 72 units 
Max Thermal Number of Control 

784 Output, kw/ft 16.83 Rods 49 x 16 
Max Clad Sur-

654 
Number of Part-Length ---

face Temp, OF Rods (PLR) 
No. C()olant 
Loops 2 

* Carlos Bell Unit 2 electrical output is 818 MWe, Compiled By: 
Unit l will be 492 MWe plus 4xloG lb/hr Date: ---
of process Steam to T\~u r.hPmi n-.1 

--
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p.,~., ? PWR 
Reactor: Midland 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance'· Mi. 0.28 Design Winds in mph: 

Low Population Zone Dist., Mi. LO At 0 - so ft elev 85 

MetroEolis Distance PoEulation 
.. 

so - lSO ft 100 
Saginaw, Mich. 22 mi. 98,265 (I 60) 

Design Ba~is ~ar.thquake 
0.10 lSO .- 400 ft 115 

fl.ccel., g 

Operating Basis Earthqu'ake 
0.05 Tornado 300 mph tang. + 60 trans. 

Accel., G 

Earthquake Vertical Shock, 
66 /).p = 3 psi/ - sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes, discussed in Section lC Appendix. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMEN'l'. 

Design Press, 67 
Calculated Max 

60 psig Internal Press, psig 
Max Leak Rate a,t 

0.1 Design Press, %/day 

T pe of Construction: ~eac~or ~uilding a steel-lined, prestressed, post-
t~s1oned.concrete yertical cylinder with flat bottom and shallow-domed roof. 
Dome is 3-way ~ost-tensioned. Steel liner ·plate an integral part of reactor 
building. 

credible conditions including normal loads, LOCA Design Basis: uesigned for all 
loads, test loads, and adverse environmental loads including earthquake, tornados, 
uplift, etc. The two most critical condit'ions are LOCA and earthqua.ke. Structure 
is designed to maintain integrity without excessive leakage of radioactivity in 
any of the above cases of loading • 

. . 
.vacuum Relief CaEabilitl: Designed for 3-psi differential bursting pressure. 
External pressure of 2 1/2-psi load outside to inside. 

Post-Construction Testing: ·soap-bubble test at 5 psi (p 5-50). Following 
.constructiqn, t~s:ted at 115% ·design pressure (p 5-53); No continuous leakage-
monitoring system"provided (p5-53). 

Penetrations: Electrical penetrations are double sealed and testable. All other 
penetrations are single sealed. 

Weld Channels: Found no reference to weld channels, but liner seam welds. will be 
testea with vacuum box and soap. 

-. 
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Pa~e 3. PWR 

Reactor: Midland 
D2. CONTAINMENT SAFETY FEATURES 

Containment S~ral Slstem: There are 2 reactor-building spray pU111ps each 1300 gpm. 
Design capacity of system is 2oox106 Btu/hr, which, from ;35 sec following LOCA, 
equals the decay heat rate minus the heat-removal rate of the building heat sinks. 

, 

Containment Cooling: Four reactor-building coolers, each with ~1,uuu· c1·m air 
flow at accident conditions (Tl-2). Tw9 reactor-building cooling systems. 

Containment Isolation Slstem: Closes all penetrations, not requirea Tor operai;ion 
of the engineered safeguards system, to minimize leakage.of radioactive materials 
to the environment. In addition; all isolation valves,· upon loss of actuating 
power, fail closed except those required for engineered safeguards. Reactor 
building isolation occurs on a signal of high pressure in the reactor building. 

Containment Air Filtration: Air passes through a roughing filter, HEPA tilter, 
an electric heater, ·and then a charcoal filter before passing to. the vent stack. 

Penetration Room: All penetrations are grouped and ·in penetration areas excepi; 

the following: permanent equipment hatch, personnel-access lock, main steam and 
feed water lines, and emergency personnel lock. 
Organic-Iodide Filter: Reactor building ventilation system 'to clean air or gross 
particulate matter" (p_ 9-33). 
Hydrogen Recombiner: Not found . 

D3. . SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two flooding tanks are each connected to a reactor vessel 
nozzle. The system provides automatic flooding injection with initiation of flow 
when reactor coolant system pressure reaches ~600 psi. Each tank holds about 
7000 gallons. The combined coolant content of the two flooding tanks is suffi-
cient to recover the core hot· spot within approxim~tely 25 seconds after the 
largest pipe rupture has occurred. 

High-head Safetl Injection: Initi.ate'd by (a) low reactor C.CYolant system pressure 
of 1500 psi, or (b) high reactor building pressure during power·. operation. 
Either signal will automatically start high-pressure injection flow to the reac-
tor coolant system. Two pU111ps will each deliver 375 gpm @ 2000 psi. Emergency 
high-pressure injection will continue until reactor .coolant system pressure has 
dropped to the point wher~ core floo.ding tanks begin emergency. injection. 

,. .. 

Low-head Safetl Injection: Two pU111ps with a total capacity of 3300 gpm suppJ.y 
borated water from the borated-water storage tank. When the supply is exhausted, 
suction is taken from reactor building sU111p. Decay heat coolers will cool the 
recirculated flow. 

. '· 
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Paoe 4. PWR 

Reactor: Midland 
E. OTHER SAFETY-RELATED FEATURES 

",Reactor Vessel Failure: Based on B&W studies, reactor vessel will maintain 
Missile & Reactor· Forces - its integrity. 

Core Cooling Capability -

Containment Floodabilitl ·-

Reactor-Coolant Leak-Detection ·slstems: 
(a) Control room instrumentation monitoring rate of makeup water. 
(b) Control room instrunientation monitoring additional reactor building activity. 
(c) Radwaste instrumentation will indicate a large amount of water flow from the 

reactor bUilding swnp. 

-
Failed-Fuel-Detection 'Systems:· A system is being studied. 

.. 

Emergencl Power: Two diesel-generator sets provide two independent systems of 
emergency power. Each unit has capacity to meet the power requirements imposed 
by IJJCA when there is no off-site power . 

. 

Control of Axial Xenon Oscillations: 
Burnable Shims - 72 Zircaloy-4 elements, 144" lg with A~203B4C 

Part-Length Control Rods - Nothing t"ound. 

In-.Core Instrumentation - Neutron flux detectors monitor core performance to 
provide a history of power distributions. 

Unborated Water control: . All water used for emergency·injector fluid will oe 
kept at a minimum concentration of 2270 ppm boron. Boron content of reactor 
coolant is periodically reduced to. compensate for.fuel burnup. Supplied by make-
up ~nd purification system. Flow of dilution water to makeup tank must be ini-
tiated by operator.· 

Long-Term Cooling - Internal or External Systems: !Jecay-nea1'-removal pumps ~2J 

and heat exchangers ( 2) are used after shutdown to reduce reactor temp from 280F- · 
to 140F in 14 hours. Pump ·capac~ty is 3000 gpm @ 450 psig each and heat exchanger~ 
can remove 30 x 106 Btuihr each. This system can be used for long-term cooling. 

' 
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Page 5, PWR 

Reactor: Midland 
F. MISCELLANEOUS 

Windspeed, Direction Recorders, and Seismographs: Records for studies from Dow 
plant across the river and the Saginaw Airport. A site tower was not mentioned. 
Seismographs not mentioned. 

Plant Operating Mode: Load following 

S.ite Features: Located on the south, or west bank, of the Tittabawassee River 
across from the Dow Chemical plant and the city limits of Midland, Mich. 8ite 
consists of ~370 acres with site grade of 634 ~. The site is flat and surround
ing country is rolling. Land usage surrounding the site for 5 miles is either 
industrial and residential on the north and east, or wooded and.farming on the 
south and west. Population in 2 mile radius was 4577 and in 5 miles 19,852 in 
1968. 

Turbine Orientation: Centerlines of 2 reactors and 2 turbines are ~lb5 r~ apart. 
Ejected turbine blades could strike containment structures. 

Emergency Plans: Prescribes immediate action by plant personnel to minimize ex
posure of persons to radiation both within the exclusion area and outside the ex-

, clusion area from any accidental plant release. of sufficient magnitude to pose a 
hazard. In addition, this plan prescribes action to be taken in order of priority, 
describes responsibilities of personnel and summarizes personnel and material re
sources available. 
Environmental MoEito!ing Plans: 
nature. 

Could find very .little information·of this 

Radwaste Treatment: System designed to collect, ·monitor and process all liquid, 
gaseous, and solid wastes. Controlled releases of·liquid and gases will be made 

. to the environment within limits of 10CFR20. Liquids are either stored or held 
for controlled discharge. Gases .are released through the stack. Solid wastes are 

.packaged for offsite disposal. 

Stack Height - Not found. 

Waste Heat System: Closed cycle cooling using a 14,000 acre cooling pond. The 
poii"d-provides ·:reserve cooling for storage for 100 days so that no water need be 
taken from the river for makeup during the three-month period when river flow is 
low. Normal makeup for evaporation (18,000 gpm) is' taken from the Tittabawassee 
River. 
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Page_6 

REACTOR NAME Midland Plant 
G. CIRCULATING WATER SYSTEM 

& SITE FEATURES 

THERMAL TYPE or NUCLEAR 

STEAM SYSTE11 PWR 

DOCKET NO. 50-329 

50-330 OUTPUT, MWt 2452 --------
UtARBY BODY OF WATER Ti tt_abawassee River 

SIZE or SITE "'370 ACRES 

NORMAL LEVEL < 600' (MSL) 

MAX PROB FLOOD LEVI:L 632' (MSL) 

63li 1 

SITE GRADE ELEVATION (MSL) ----
TOPOGRAPHY or SITE __ r_-l_a_t _____________________________ ~ 

OF.SURROUNDING AREA (5 MI RAD) Rolling 
______ __,;;; _____________________________ ~ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 4577 (1968) IN 5 MI RAD 19 1 852 (1Y68) 

NEAREST CITY OF 50,000 POPULATION __ B_a_y.._C_i_t~y-1 __ M_i_cl_1i-·g~a_n __________________ _ 

DISTANCE FROM SITE 19 MILES POPULATION 53,604 (1960) 

LAND USE IN 5 MILE RADIUS North & East is Industrial and Residential. The 

South & West is Wooded and Agricultural. 

·CIRCULATING.WATER SYSTEM TYPE OF SYSTEM Closed cycle using Cooling -Pond 

WATER TAKEN FROM 14,000 acre-ft cooling pond FOR condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F 

RIVER FLOW 1450 (cfs) avg. "'QUANTITY OF MAKEUP WATER l& ,OOO(gpm) 

'"TOTAL FLOW THROUGH CONDENSERS (gpm) TEMPERATURE RISE - F 

'''HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) •'<Per Unit 

COOLING TOWERS None. Makeup water taken from river, intake cap is 90,000gpm 

Cooling pond has reserve water for 100 days of operation • 

.. _ .. __ .... 

NUCLEAR SAFETY INFORMATION CENTER 
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DUANi;: ARNOLD, 

Project Name: Duane.Arnold Energy Center 

Location: Near Palo, Linn County, Iowa 

Owner: Iowa Electric & Power Company 
NSS Vendor: GE Company 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MW.e 
Total Heat Output for 
Safetv Desi2n. MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Area, ft 2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-f t 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surface Temp OF 

MCHFR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/i 

. TX-4377 
(8-70) 

1593 

550 

1670 

6.843 x 106 

48.5 x 106 

1020 

31,840 

18. 5 

428,400 

163,933 

4380 

558 

>1.9 

2.6 

50.9 

. 50-331 (BWR) Page 1 

Reactor: Duane Arnold 
A-E: Bechtel 
Vessel Vendor: CB and I 
Docket No.: 50-331 
Containment Constructor: .Not specified 

B. NUCLEAR 

H20/U02 
Ratio 

Volume 2.41 

Moderator Temp Coef -5.0 x lo-5 
Cold, f:!.k/k/°F 
Moderator.Temp Coef -39.0 x lo-5 
Hot. No Voids 
Moderator Void Coef -l.O x io-3 
Hot, No Voids, 6k/k/% 
Moderator Voia coet 
Operating 

.-1.6 x lo-3 

Doppler Coefficient, 
Cold 

:..i. 3 x io- 5 

Doppler Coeffi.cient, -1.2 x lo- 5 
Hot, No Voids 
Doppler Coefficient, 
Operating 

s:1:3 x io- 5 

Initial Enrichment, 2.25 
% 
Average Discharge ~x- 18,350 
posure, MWD/Ton 
Core Average Void 79 
Withi.n Assembly, % 

keff' All Rods In ---
keff' Max Rod Out <0.99 

Control Rod Worth, ---
% 
Curtain Worth, 0.029 (p3.6-17) 
% 
Burnable Poisons, l:''.Lat, ooron --
Type and Form SST 

,. 

Number of"C:ontrol 89 cruciform 
Rods 
Number of Part-Length ---
Rods (PLR) 

Fred Heddleson and 
Compiled by: Carlos Bell 
Date: 

.. 
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· C. · SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.19 

Low Population Zone Dist., Mi. 6 

.Metropolis 
Cedar Rapids, Iowa 

Distance 
10 IIll. 

Design Basis Earthquake 
Accel., g 0.12 

.Operating Basis Earthquake 
Accel,, g 0.06 

Earthquake VerticaT.Shock, 
% of Horizontal 

Population 
92,035 ( 1 60) 

80 

Page .2 •. DWP 
Reactor: Duane Arnold 

pesign Winds in mph: 

At 0 - SO ft 1.05 or 28 psf 

so - lSO ft 4o psf 

lSO - 400 ft 54 psf 

Tornado 300 mph tang 

llP = 3psi/ 3 sec 

Is intent of 70 design criteria 
Satisfied? Yes 

.Peak Fuel Enthalpy on Rod Drop: WO cal/gm 

Recirculation Pumping System & MCHFR; MCHFR - Reactor· can operate over range of 
feedwater temperatures C32o--420F) without changes to the thermal margin MCHFR 
limit. 

Protective System: In.itiates rapid, automatie shutdown of reactor. Action ta.ken in 
time to prevent fuel cladding damage and nuclear system process· barrier damage 
followin~ abnormal transients. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT. (Ctmt) 

Drywell Design 
Press, psig 
Supprn Chamb Design 

. Press, psig 
Ca.le. Uax Intcn;nal 
Press, psig 

56 

56 

Prim Ctmt Leak 
Rate, %/day 
Second Ctmt Design 
Press, psig 
SecQnd Ctmt Leak 
Rate, %/day 

0.25 

lOO 

Type of Construction: Primary containment is steel shaped like an inverted light 
bulb and surrounded by reinforced concrete. A suppression pool shaped like a torus 
surrounds the dryWell and at a lower elevation. The torus is constructed of steel · 
supported on a concrete foundation . 

. Design .Basis: Designed to accommodate, without failure, the pressures and tempera
·tures resulting from double-ended failure of any coolant pipe. Integrity of con
tainment and associated systems designed and maintained so that off-site doses 
resulting from· DBA.will ·be below values of lOCFRlOO. 

Vacuum Relief Capability: Primary containment designed for ext~rnal pre9sure dir
ferential of 2 psig; vacuum breakers connect suppression chamber and drywell. 

Post Construction Testing: Both drywell and suppression chamber will be strengtn 
tested and leak tested together. 

l?enetrations: Electrical pene"tra"tions are O.OUD.Le Sea.Lea. ana ina.ivia.Ua.L.LY v~~v.,,..i.Le. 

Some penetrations have bellows seals and are testable. 
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Page 3, BWR 

Reactor: Duane Arnold 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling System: Two independent pum~ loops with .flow rated at 3020 gpm 
~t 127 psia; ·either core-spray loop capable of preventing clad melting following a 
LOCA. 

Auto-Depressurization System: Operates through pressure-relief valves to lower 
reactor system pressure so low pressure standby cooling systems can operate to 
flood the core. 

Residual-Heat-Removal S~stem (RHRS): Tne residuaT neat; remova.l sys-cem \"' '"-' 1 is a 
system of pumps, heat exc angers and piping that fulfills the following functions: 

:1. Removal of decay heat during and after plant shutdown. 
2. Injection of water into the reactor vessel following a LOCA rapidly enough to 

reflood the core and prevent fuel clad melting independent of other core cool
ing systems. 

3. Removal of heat from primary containment following a LOCA to limit the increase 
in primary containment pressure. 

J:ligh P.ressure Coolant-Injection System: 1 loop w:lf.Ii ra'tea. now a-c .::~ou gpm using 
turbine pump powered by reactor steam; if HPCIS faili:;, pressure relief system 
(auto-depressurization) allows LPCIS and core spray to operate. 

Low-Pressure Coolant-Injection System: An operating mode of RHRS to supply large 
quantities of water to the reactor core at low-pressures. ::>uction is taken from 
suppression pool. Four 1/3 cap. pumps are available, each rated 4800 gpm @ 20 
psi a. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant System: The. condensate storage tank and suppression pool are 
main sources of water. In recirculation cooling phase, water is pumped from con
tainment sumps. 

Main-Steam-Line Flow Restrictors: Installed in each steam line close to the 
reactor vessel. 

Control-Rod Velocity Limiters: Attached to each control rod; limits 
reactivity insertion rate. 

Control-Rod-Drive-Housing Supports: Located under reactor vessel near rod 
housing; limits rod travel if housing breaks; may be removed and inspected on 
ohutdovn. 

Standby Liquid-Control System: Redundant, independent, and different system 
than control rods to achieve and maintain subcriticality - 13.4% sodium penta
borate. 
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Paoe 4 BWR 
Reactor: Duane Arnold 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control S:z:stem: Makeup air can be supplied to compensate 
for atmospheric density changes. Temp in drywell will average 135F with. 150F max 
in other areas. 

Reactor Core Isolation Cooling S:z:stem (RCICS): Operates automatically to supply · 
the reactor vessel with enough water so that operation of the core standby cooling 
systems (engineered safeguards) are not required even for a complete loss of 
feedwater flow. The system uses a steam driven turbine-pump.' 

Reactor Vessel Failure: (No specific .considerations found) 
Missile & Reactor Forces - Primary containment protected against internal 

and external missiles and pipe motion. 

Core Cooling Capability -

Containment Flo<J,~_abili t:z: - Can flood drywell to a level above reactor core. 

Reactor-Coolant Leak-Detection sistems: Leakage is either identified or un-
identified. Identified leakage is expected from seals, etc. and can be measured. 
Unidentified is measured by temperatures, pressure, humidity, and monitoring of 
sump pumps. Unidentified leakage limit is set at 15 gpm which ·is far below 

. 150 gpm which is the minimum le.akage from a crack that is large enough to propi-
gate. 

Failed-Fuel Detection S:z:stems: The main steam line radiation monitoring system 
consist~ of four gamma radiation monitors located external to.the main steam 
lines just outside of the primary containment. The monitors are designed to de-
tect a gross release of fission products from the fuel. Upon detection of high 
radiation, the ·trip signal.s generated by the monitors an~ used to initiate a 
reactor scram and isolation of radioactive material released.from the fuel. 

Emergenc:z: Power: Two diesel generators, each rated at 2850 kw; each alone is 
capable of supplying power to shut down and maintain plant in a safe condition. 
~'wo 125-v de systems, each with its own static battery charger, circuit breakers, 
and buses; spare battery charger; in addition, 2 independent 24/48-v buses each 
supplied by a center-grounded 48-v bB:ttery and a charger fe.d from a vital power 
bus; normal auxiliary power is the startup auxiliary transformer, and the power 
for this is the 161 .bus in the main substation; there are 3 incoming 161-kv lines, 
2 incoming 345-k~ lines, 2 auxiliary transformers. 

Rod-Block Monitor: Reactor manual control system includes co.ntrols that restrict 
rod movement (rod block) under certain conditions as a backup to procedural centre 
RBM subsystem prevents fuel damage. 

Rod Worth Minimizer: For manual control; patterns and sequences with reactivity 
changes low enough to prevent n:uclear system process barrier damage. 
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Page 5, BWR 

Reactor: Duane Arnold 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs :. Meteorological equipment to .. be 
erected to record wind data, etc. Seismographs not mentioned. 

Plant. 0Eerating Mode: Load follpwing by adjusting recirculating pump speeds. 

Site Features: Located on the west side of the Cedar River where it flows nori;n 
to soubh. Site gi'atle is 757 which is about 20 feet above normal riv.er level,· bu1;, 
about 9 feet below max probable flood. Site is flat with rolling hills to the 
west, but hilly.on.east side of river. The area is sparsely populated (about 
275 in 2 mile radius) with farming being major land usage. Cedar Rapids ('\.lQO,OOb 
population) is ten mile"s south. 

.. 

Turbine Orientation: Centerline distance between turbine and containment is 
'\.220 ft. Ejected turbine blades could strike containment. 

Emergency Plans: Emergency plans will be formulated with appropriate public , 
agencies so that problems which may arise du:r:ing any emergency involving person-· 
nel, on site or off-site can be handled in an orderly effective manner. Training 
for all will be given and periodic practice drills will be held. 

Environmental Monitorins Plans: A continuing environmental radia'ticin monitoring 
survey program is scheduled to commence no later than one year prior to commercial 
operation. The program will enable determination of the magnitude and source 
nature of naturally occurring radioactivity at the plant site and surrounding 
areas. The program will include measurements of the air, aquatic life, soil and 
vegetation and water in the plant vicinity. This program will be planned in co-
opero.tion with federal, state awl local agencies. 

Radwaste Treatment: Liqu.iu wastes are collected, stored, and/or treated for 
disposal through the service water effluent or returned to the condensate system. 
Solid wastes are collected, processed, and packed into 55 gal. drums for disposal 
off-site. Gaseous wastes are collected, processed, held for decay and discharged 
through the elevated release point. 

Stack Height - 100 meters 

Waste Heat Sl'.stem: Limited information available. Closed system cooling usj.ng 
mechanical draft cooling towers is indicated. Flow through condenser will be 
'\.260,000 gpm. Heat. removal capacity of condenser is 3,681 ~ 106 Btu/hr. Average 
river flow at site ic 3 ,065 cfs. 
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Page Ii 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Duane Arnold Energy Center 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM lJWR 

DOCKET NO. 50-33~ 

OUTPUT, MWt 1593 ------
NEARBY BODY OF WATER Cedar River NORMAL LEVEL "-'735' (MSL) 

-----------~ MAX PROB FLOOD LEVr:L 766' ( MSL) 

SIZE or SITE 480 ACRES SITE GRADE ELEVATIO!I 757' (MSL) 

TOPOGRAPHY or SITE Flat 
------------------------~--------~ 

·OF SURROUNDING AREA (5 MI RAD) Rolling west of· river, Hilly east of river 

TOTAL PERMANENT POPULATION IN 2 MI RAD 275 (1970) IN 5 MI RAD 2730 (1970 ) 

NEAREST CITY OF SO ,ooo POPULATION_C_e_d_a_r_R_a ... p_id_s_..., _I_o_w_a ____________ _ 

DISTANCE FROM SITE 10 MILES POPULATION Y2 ,035 (1960) 

LAND USE IN S MILE RADIUS Agricultural ( 80%), other lands are Wooded 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM cedar River FOR_~_1ak_e_u.,p ____ _ 

WATER BODY TEMPERATURES - rlINTER AVG - F SUMMER AVG - r AVG - r 
RIVER FLOW 3,065 (cfs) avg. "'QUANTITY OF MAKEUP WATER 1·2,000 (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 260 ,ooo . (gpm) TEMPERATURE RISE - r 
>'=HEAT REMOVAL CAPACITY OF CONDENSERS 3 ,6 Ul X 10~ Btu/hr) *Per Unit 

COOLING TOWERS Drawings indicate the use of two mechanical-draft towers. 

NUCLEAR SAFETY INFORMATION CENTER 
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FITZPATRICK, 

Project Name: James A. Fitzpatrick 
Nuclear Power Plant 

Location: Scriba, Oswego Co. , N. Y. 
Owner:Pwr. Authority of the State of 
NSS Vendor: G.E. 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safetv Desi2n. MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Area, ft 2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-ft 2 

Maximum Fuel Tempera-
.ture, OF 
Average Fuel Rod 
Surf ace Temp °F 

MCHFR 

Total Peaking 
Factor 

·.Avg Power 
Kw/9., 

TX-4J77 
(8-70) 

Density, 

2436 

815 

2550 

10.47 x 106 

75.5 x 106 

1020 
·~ '" 

48.451 

18.5 

429,000 

164,734 

4380 

558 

>1.9 

2.6 

51.2 

NY 

'.i0-333 (BWR) Page 

Reactor: Fitzpatrick 
A-E: Stone & Webster 
Vessel Vendoi: ~~F. 
Docket No.: 50-333 
Containment Constructor: Chicago Bridge 

B. NUCLEAR 

H20/U02 Volume 2.41 Ratio 
Moderator Temp Coef -5.0 x 10-5 
Cold, tJk/k/°F 
Moderator Temp Coef -39 .(} io- 5 x 
Hot. N<;> Voids 
Moderator Void Coef -1.0 x 10- 5 
Hot, No Voids, /).k/k/% 
Moderator Voi.a -Coet -1.6 x 10- 5 
Operatin!!, . 
Doppler Coefficient, -1. 3 x lo-; 5 
Cold 
Doppler Coefficient, -1.2 x 11)- 5 
Hot, No Voids 
Doppler Coefficient, <1.3 x lo- 5 
Operating -
Initial Enrichment, 2.23 
% 
Average Discharge Ex- 19,1)00 
posure, MWD/Ton 
Core Average Void 43.1 
Within Assembly, % 
k eff' All Rods In 0.96 

keff' Max Rod Out <0.99 

Control Rod Worth, 0.01 6Keff % 
Curtain Worth, ---
% 
Burnable Poisons, Flat curtains 
Type and Form boron/SST 
Number of Control 137 Rods 
Number of Part-Length ---
Rods (PLR) 

Compiled by: Fred Heddleson 
Date: February 1969 

- --

1 

-
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Page . J 2 flW II 

Reactor: fi tzpatrick 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.57 _Design Winds in mph: 

Low Population Zone Dist., Mi. At 0 - so ft 90 
MetroEolis Distance Po12ulation 
Syracuse, N.Y. 36 Mi. 216,038 (60) so - lSO ft 105 

Design Basis Earthquake lSO - 400 ft 125 
Accel., g o .• 15 

Operating Basis Earthquake 
Tornado 300 mph tang. + 60 trans. 

Accel.; g 0.00 t:.P = 3 psi/ 3 sec 

Earthquake Vertical ·Shock, Is intent of 70 design criteria 
% of Horizontal 66 Satisfied? Yes (P 1.5-1) 

Peak Fuel Enthalpy on Rod DroE: 
280 cal/gm 

Recirculation Pumping System & MCHFR: 
Reactor power level is controlled by a 

combination of control rod positioning and reactor coolant recirculation flow. 

Protective System: Two trip systems·. Hieh neutron flux ( 120%) moni t.ored in both 
systems will scram reactor. Shutdown also on reactor high pressure 1 low water 
level. or loss of newer to orotecti ve svstem. M-G sets 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) .. 

Drywell Design 56 Prim Ctmt Leak o.5 
·Press, psig Rate, %/day 
Supprn Chamb Design 56 Second Ctmt Design 
Press, psig Press, psig 0.25 
Cale Max I11Leu1al E:econd Ctmt Li;\Gl~ 

Press, psig •16 Rate, %/day 100 

TyEe of Construction: Pressure-suppression-steel-primary containment (drywell & 
suppression chamber) surrounded by reactor building for secondary containment. 
Drywell is steel surrounded by reinforced concrete and the suppression chamber is 
a steel torus in a concrete chase. 

Design Basis: To provide capability in event of postulated LoCA to limit 
fission-product release so that off-site doses would be held below lOCFRlOO 
limits. Design-basis accident is a double-ended pipe rupture. 

Vacuum Relief CaEability: Primary Containment designed for 2 psig external press. 
:.Relief valves prevent vacuum from exceeding 2 psig. Vacuum breaker valves vent 
· supprn chamber to drywell. 

Post-Construction Testing: Drywell and suppression chamber tested pneumatically 
for leakage at 56 psig. Penetrations tested same. Reactor bldg is leak-checked 
with bldg at negative 0.25 in. H20• 

·. l'enetrations: There are both double and single sealed penetrations. All those 
with resilient seals or gaskets have provision for individual testing (p 5.1-31) 
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Pa~e 3. BWR 

Reactor: Fitzpatrick 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling System: Two independent loops, each with centrifugal pumps and 
reactor-vessel spray sparger ring. Pump capacity is 4625 gpm @ 120 psid. Water 
supply is the suppression pool. Low water level in the reactor or high pressure 
in the drywell initiates the system. LPCIS starts from the same signals. A-C 
pump motors have separate bus standby power. 

Auto-Depressurization System: Reduces reactor pressure by use of pressure-relief 
valves so the LPCI & ·core spray systems will begin operation. Auto.,,,depress. system 
is operated auromatically upon coincident signals of reactor low· water level, high 
drywell pressure and HPCIS low discharge. 

Residual-Heat-Removal System (RHRS): To adequately cool core after LOCA, to cool 
supprn pool, and to provide redundancy for core standby cooling system, RHRS con
sists of 2 loops, each with one heat exchanger, 2 main pumps, and 2 service-water 
pumps. All designed to Class-I seismic .criteria. The· shutdown cooling system, 
reactor-vessel head spray, and containment cooling are part of RIIRS. 

)Ugh-Pressure Coolant-Injection System: ·There is one loop with 4220 gpm capacity 
at 1120 to 150 ps°i diff press. Water comes from the 100 1 000 gal condensate storage 
tank or the supprn pool, A steam turbine using reactor steam drives a constant 
flow pump which injects water tryough the feedwater piping. This system will 
operate until the LPCIS starts. 

}:.ow-Pressure Coolant-Injection System: Four pumps each with a capacity of 7700 gprr 
@ 20 psid start when pressure drops low enough and begin to inject borated water 
into the reactor to flood the core. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant System: Comprised of 4 systems: the HPCIS, the automatic depress
urization .system, the core spray system, and the low pressure coolant injection 
system(LPCIS) a mode of RHRS. 

Main-Steam~Li~~.Flow Restrictors: Installed in each main line near reactor to 
limit loss of water from the reactor in case of steam-line rupture. It is a 
venturi-type restrictor with 0,6 ratio of diameters. 

Control-Rod Velocity Limiters: An integral part of the bottom of each control 
rod, restricting withdrawal velocities so reactivity addition rate is limited to a 
safe value. 

Control-Rod-Drive-Housing Suppor.ts: .Protects against further damage, preventing 
significant nuclear transient if a. drive housing breaks or separates from the 
bottom of the reactor vessel. The drive housing falls 1/4 inch and is caught there 
by the support~. 

Standby Liquid-Control System: Provides redundant capability for reactivity con~ 
trol, independent of control rods, to achieve or maintain reactor subcritical. 
Sodium pentaborate ( 13,4 %) is used. 
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Page 4 RWR 
Reactor: Fitzpatrick 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control System: Two fan-coil units.hold temp below 150 F 
during normal operation. A<purge system provides ventilation for maintenance 
operations and· purges containment if radioactivity -level is above limits. Three 
air changes per hour for drywell and suppression pool are possible. Nitrogen 
purge connections are available for future if needed. 
Reactor Core Isolation Cooling S~stem (RCICS): Provides core cooling during shut

down, removing decay heat by pumping makeup water_ into the reactor vessel. Used 
in case of loss of flow from· the feedwater system and/or especially if reac:tor is 
.isolated from its normal heat sink. RCIC delivers design flow in 30 sec from a 
:storage tank with reserved volume sufficient for 8 hr use. This supply is shared 
w1th HPCIS. Suppression pool is backup supply. If RCIC can't maintain core 
cooling 1 the standby core cooling system starts. 

Reactor Vessel Failure: Considered incredible lp 5.1-ll J 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: There is a seal-ring leak-detection 
··system· for react.or vessel, and leakage at pump seals is monitored. 

Failed-Fuel Detection Systems: Main steam-line monitoring system will indicate 
failed fuel by_ high radiation readings in any main steam line. This system can. 
initiate reactor shutdown. Four channels do the monitoring. 

Emergency Power: Two.completely independent auxiliary ac power systems are avail
able. Either one alone can supply power required to shut down and maintain. plant 
in saf~ condition. Each system has two 4160-v diesel generators installed in 
separate rooms.. Each has 4160-v switch gear and a 600-v unit substation. Diesel 
fuel is available for 7 days of continuous 'operation. The estimated total load is 

. ·. 4250 hp. 

Rod-Block Monitor: ·This subsystem hind~rs control rod with-drawal errors to 
prevent fuel damage. Two RBM monitoring channels are provided. Output signals 
from selected groups of Low-Power-Range Monitoring (LPRM) subsystem amplifiers are 
averaged to control rod movement. Computer system performs the averaging function. 
(Sect. 7.4.4.3) 

Rod Worth Minimizer: Computer-programmed sequences that assist the operator in 
manual control so rod movements are sequenced to achieve minimum rod-worth 
changes. (Section 7.8.3.3) 

''--------------------------------------------------------------------' ----------------~ 
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Page 5, BWR 

Reactor: Fitzpatrick 

F. MISCELLANEOUS 

Winds peed, Direction Recorders, ·and Seis.mographs: Aerovane wind instrument 
mounted on a 203-ft tower used for· 19.63'-64 meteorological studies at the site. 
U.S. weather bureau. at ·Oswego (7 miles) has weather data.~ 
Seismographs not meritioned. 

Plant Operating Mode: Almost alway·s will be base loaded. 

s·1te Features: Located on the shore ot Lake Untario near il'.s ::..t. corner about 3000 
ft east of Nine Mile Point Nuclear Station. The site is gently rolling with a 
site grade of 271' MSL which is well above the normal lake lever of about 246'. 
The land usage around the site is varied ( Industrial, residential, recreational, 
and agricultural) _Population within 5 mile radius is 1977 (1960 pop). 

Turbine Orientation; Blades ejected from turbine cannot strike the containment 
structure. 

Emergency Plans: Station operating staff will prepare written_procidures ~o oe 
used in all normal and emergency conditions. In the event of an unlikely, yet 
credible accident situation involving release of radioactivity to the public 

. domain, personnel will follow procedures established by drills and training. 

Environmental Monito-ring Plans: A program established for Nine Mile Point Nuclear 
Plant will continue and probably be expanded in scope. The aim of the program is 
to demonstrate conformance to 10CFR20. The Final Safety Analysis Report for Nine· 
Mile Point stated that the environment of-the area has the capacity to safely 
absorb all the activity that can credibly be released duri~g routine operations 
of both nuclear plants. Detailed studies of lake currents are under way to deter~ 
the probable path and dilution of liquid effluen1;s. ·Water temperature will be 
measured and effects of_operation on fish invertigated. 

Radwaste Treatment: Gaseous, liquid and solid waste disposal facilities wil be 
designed so that discharge of effluents and off-sfte shipment will be in accordance 
with lOCFR20 and DOT regulations. Process and discharge streams will be appropri
ately monitored and such automatic features incorporated as may be necessary to 
maintain releases below the permissible limits of 10CFR20. 

Stack Height - 385 ft unlined reinQor.ced.concrete 
Waste Heat System: A once-through cooling system will be used taking water ·from, 

and discharging back to, Lake Ontario. Atotal of 371,000 gpm will be used with 
31.5 F temperature rise. New York State requires surface temperature of lake be 
raised no MO?'e than 3 r beyond a radius of 300'ft of discharge. 



G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 
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.REACTOR NAME James A. Fitzpatrick 

Nuclear Power Plant 

Page 6 

THERMAL TYPE OF NµCU:AR 

STEAM SYSTEM BWR 

DOCKET No. __ ..;;s_o_-;;;,;33~3-
OUTPUT t HWt .2436 ------
HEARBY BOIJY OF WATER Lake Ontario NORMAL LEVEL 246' (HSL) 

MAX PROB FLOOD LEVEL (MSL) ----
SIZE OF SITE ____ ACRES SITE GRADE ELEVATIOJI 271' ( MSL) 

TOPOGRAPHY·OF SITE_._r_1_a_t_t_o;;;..,;R•o•l•l•i•n•g.._ _____________________ __ 

OF SURROUNDING AREA (5 HI RAD)_ ... R-.0 ... 1_1 .. i-.ng.._ __________________ _ 

IN 5 HI RAD 1977 (1950) TOTAL PERMANENT POPULATION. IN 2 HI RAD 297 (1950) 

NEAREST CITY OF 50 9000 POPULATION Syracuse, New Yor.k 
~-----------------------------------------DISTANCE FROM SITE 36 HIU:S POPULATION 216,138 (1960) 

LAND USE IN 5 HILE RADIUS Industrial, Residential, & Recreational; however 

40% of land in Oswego County is used for farming 

CIRCULATING WATER SYSTEM TYPE OF SySTEH Once through 

WATER TAKEN FROM Lake ·Ont~io · FOR Condenser cooling 
~---------------------------------WATER BODY TEMPERATURES - WINTER AVG 37 r SUMMER AVG 67 F AVG - r - -

RIVER FLOW NA (cfs) a.vg. 1'QUANTITY ·or MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 353,000 (gpm) TEMPERATURE RISE 32 F 

*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS None 
----------------------------------------------------------

.OTHER INFORMATION New York State requires surf.ace temperature of water be raised 

no.more than 3 F beyond a radius of 300 ft of discharge. 

JIUCl.EAR.SAFEn IKFOIUIATION CEll'l'ER 
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BEAVER VALLEY, 50-334 (PWR) Page 1 

Project Name: Beaver Valley Power Station Reactor: Beaver Valley 

A-E: Stone & Webster 
.Location: Beaver Co., Penn.* Vessel Vendor:Westinghouse 
Owner: Duquesne Light Company Docket No.: 50-334 
NSS Vendor: Westinghouse Contai~ment Constructor: Stone & Webster 
* 25 mi NW Pittsburgh 

A. THEIU1AL-HYDRAULIC B. NUCLEAR . 
Thermal Output. 2660 H20/U, 4.18 
MWt Cold 
Electrical Output, 847 Avg !st-Cycle 14,500 MWe Burnup MWD/MTU 
Total Heat Output for 2774 First Core Avg 24,000 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 9051 x 106 Maximum Burnup. 
Btu/hr MHD/MTU 
System Pressure, 2250 Region-I 2.0 
psia Enrichment, % 
UNn.K., 1.85 Region-2 2;6 
Nominal Enrichment,. % 
Total Flow rate, 100.7 x 106 Region-J 3.2 
lb/hr Enrichment, % 
Ett Flowrate for . 95.5 x 106 keff, Cold, No· 1. 207 
Heat Trans lb/hr Power, Clean 
Eff Flow Area for 41. 8 keff • Hot, Full Power 1.137 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 14.2 .Total Rod 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.30 x !Ob Shutdown Boron, No 1460 
lb/hr-ft 2 Rot!:;, Clean, Cotd, ppm· 
Nominal Core 543.5 Shutdown Boron, No 1560 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in Boron Worth, Hot, 
Core, OF 70.2 % llk/k/ppm 1% for 85 ppm 

Norn Hot Channel 
643.6 

Boron Worth, Cold, 
70 Outlet Temp, OF % llk/k/ppm 1% for ppm 

Avg Film Coeff, Full Power Moderator +0.3 x in- 4 to 
Btu/hr ft 2

, °F 5420 Temp Coeff, llk/k/°F -3.5 x 10- 4 

Avg Film Temp Moderator Press -3.0 x lo-b to 
Diff, OF 35.2 Coeff, /\k/k/Psi +J.5 x 10-6 
Active Heat· Trans· Moderator Void Coeff +o.5 x 10 3 to 
Surf Area, ft 2 42,460 llk/k/% Void -2 5 x in-3 
Avg Heat Flux, 

207,600 Doppler Coefficient, -1.0 x lo-s to 
Btu/hr ft 2 llk/k/°F ··1. 6 x 10-S 
Max Heat Flux 

543,300 Shutdown ~argin, Hot 2.9 EOL Btu/hr ft 2 One Rod Stuck.% llk/k 
Avg Thermal 

6.2 
Burnable.Poisons, Borosilicate 

Output, kw/ft Type and Form Glass 
Max Thermal 

17.9 Number of Control 900 Output, kw/ft Rods 45 x 20 
Max Clad Sur-

657 
Number of Part-Length 160 

face Temp, OF Rods (PLR) 8 x 20 
No. Coolant 

3 Loops 

Compiled By: Fred Heddleson 
Date: February 1969 
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P::>oP 2. PWR 
Reactor: Beaver Valley 

c. SAFETY-RELATED DESigN CRITERIA. 

txc~usion Distance, Mi. 0.21 ra<J Design Winds i:n: ~ Gust Coef. 

Lrr£ Population Zone Dist., Mi. 3.6 At 0 - 50 ft elev 21 1. 7 

" . Distance Po2ulation. .MetroEolis 50 - 150 ft 30 1. 4 
Pittsburgh, Pa. 22 604,332 {60) 

Design Basis Earthquake 150 - 400 ft 40 1.0 
Accel., g . 0.125 

Operating Basis ·Earthquake Tornado 300 mph tang. + 60 trans. 
Accel., G 0.06 

Earthquake Vertical Shock, l:iP = 3 psi/ 3 sec 
% of Horizontal 66 

. Is intent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

·Di. CONTAINMENT 

Design Press, 45 Calculated Max 42.2 
psig Internal· Press, psig 
Max Leak Rate at 0,1 
D.esign Press, %/day 

Ty2e of Construction: Steel-lined, reinforced concrete cylinder with hemispherical 
. dome and flat reinforced-concrete foundation mat. 

Design Basis: Designed to limit release of fission products in case of LOCA caused 
by double-ended pipe rupture. Containment will be maintained at subatmospheric 
pressure during normal operation. 

.vaculllll Relief Caeability:. Max. design vacuum.is 8.7 psia. Inner steel shell 
designed to withstand max. vacuum that can be attained. 

Post-Construction Testing: Air-pressure test conducted on containment using 115% 
.of containment pressure. Held for 1 hr. Leakage rates are checked for 3 pressures 
after construction as well as periodically after operation. 

Penetrations: Similar to those in reactor power stations now being licensed. A 
preliminary. evaluation of these featur.es indicates no leakage paths to environment. 
As final· design is performed, a more detailed analysis is made to establish this 

··.preliminary evaluation conclusively. II (page 5 .5-1r. 

Weld Channels: All welded seams in the mat., cylindrical liner wall, hemispherical 
'dome, and liner penetrations are covered with continuously welded test channels. 
A pressurized halogen ga5 is put into the test channels, and the liner welds are 
examined for leaks .• using a halogen gas detector. 
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aize -P 3 PWR 

Reactor: Beaver vailey 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEral Slstem: Nade ·up of two ·system. one is the Quench Spray, other 
is the Recirc. Spray. These two, operating together, reduce containment· temp and 
return containment" pressure to subatmospherit. Recirculation Spray maintains sub-
atmospheric pressure and transfers heat to the river cooling water. Quench Spray, 
with chemical additives reduces concentration of airborne fission products. Quench 
Spray System uses two full-capacity dual-drive pumps. 

Containment Cooling: Recirculation spray cools containment by spraying cooled 
water into the containment space. Water is recirculated through heat-exchang~rs, 
which are cooled by river water. 

Containment Isolation Slstem: A means of isolating primary containment by clos-
ing off penetrations through containme~t walis. This.closing of valves OCCUJ:S 

automatically to prevent release of radioactivity in the event of LO°CA. Action 
follows .coincident and redundant containment high-pressure signals, or by .coinci-

. dent pressurizer low-level and low-pressure signals. 

Containment Air Filtration: Supply air filtered. Exhaust filtering not mentioned 
Air exhausted at a point 10-ft higher than turbir.::.·-building roof. 

' 
Penetration Room: None shown on sketches. 

OrBanic-Iodide Filter: Nothing .found. 

Hydrogen Recombiner: Not found, 

D3. SAFETY INJECTION SYSTEMS 

·Accumulator Tanks: , Designed to ASME Section III Class-C code. Three tanks, 1 per 
loop (carbon steel - stainless steel lined). Design press. 700 psig. Water volume 
at operating conditions - 925 ft3 ( "'7000 gal.) On pipe rupture, 2 accumulators 
deliver to the core and one to the broken pipe loop. 

High-head Safetl Injection: Pumps borated water into reactor from boron injec-

tion tank and then from refueling water storage tank.,· Pump data - 3 available 

for 150 gpm at 2750 psig. Boron injection tank capacity is 900 gallon. 

Low-head Safetl Injection: Low-head inj ec ti on pump's draw water from the refueling. 
water storage tank. Two pumps are available for 3000 gpm at 300-psig flow. 

' 

··--··· 
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p a2e 4 .. p w R 

Reactor: Beaver Valley 

E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces - Pipe-support system designed to preclude damage to' 

other lines and equipment in case of one line break. 

Core Cooling CaEabili t:t: '- Three systems available for core cooling - safety in 
jection by accumulators, and two independent p~mping systems. 

Containment Floodabilit:t: - Found nothing indicating that containment can be 
flooded. 

Reactor-Coolant Leak-Detection S:t:stems: Coolant leaks would be detected by equip-· 
ment which continuously monitors containment air activity and humidity. Readout is 
in control room. Coolant leakage which raises containment air activity would be 
detected by the air~particulate monitor and/or the gas monitor. The humidity in-
strument detects increases in moisture which might occur if coolant leaked. Opera-
ti on frequency of containment sump pumps wo~ld show change in conditions. 

-Failed-Fuel-Detection S:t:stems: Reactor coolant monitored using_ high range and 
low range detectors. High range would indicate failed fuel. It uses an ion ch am-
her which detected Co-60. 

Emergeni:::t: Power: Two separately independent diesel generators rated at 4100 v, 
2850 .kw. Generator sets· are isolated from each other. Either generator set is 
capable of powering the engineered-safeguards equipment needed for LOCA. Genera-
tors can come up· to speed and accept load within 10 seconds. Two completely in-· 
dependent 125-v de battery systems are available, each consisting of 60-cell lead-
acid battery, battery charger and distribution panel. 

Control of Axial Xenon Oscillations: 
~i.frnabTe-··shirrls - Borosiiicate giass 

Part-Length Control Rods - These are available and operate only by manual 
control .• 

In-Core Instrumentation - System gives information on neutron flux dis tribu-
tion & fuel temperatures. Both radial & azimuthal symmetry of power can be evalu-
ated bv combinin2 flux & temo info from one au;:iclr:ont- w/<>.imi 1 ~- c1,, .. ,, f,..~~ nt-h<>l'" 

Unborated Water Control: -
(page 7.6.2-1) 

A boron recovery system collects ra_dioactive reactor coolant and separates it into 
stripped liquid and gas. The' stripped liquid is evaporated to reclaim boric acid 

. (9.2-1). 

Long-Term Cooling - Internal or External S:t:stems: Internal long-term cooling is 
provided by 2 separate low-pressure safety-injection subsystems. External cooling 
is provided by the recirculation spray system. 
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P 5 PWR age 
' 

Reactor: Beaver Valley 

F. MISCELLANEOUS 

Winds:eeed, Direction Recorders, and SeiSmogra:ehs: Unit located at Shippingport 

Atomic Power Station near station grade, and units at Greater Pittsburg Airport 
were used for wind-data studies. No mention of seis111ographs. 

Plant O:eerating Mode: Load following 

S_ite Features: Located on the south bank of the Ohio River on 420 acre site about 

25 mi NW of Pittsburgh. River at this point is about 1 mi wide with 730' elevation 

set as max probable flood. Site grade has· two levels (707' and 735') required be-

cause of the hilly nature of the site. Population within 2 mi radius is 7760 (68)' 

a small town existing across the river about 1 1/2 miles. away. Close-in to the 

site, land use is mo::;tly in<lus trial. 

Turbine Orientation: Reactor-building centerline is about ~uu ft perpenaicuLar to 

turbine centerline. Ejected blades could strike containment structure. 

Emergencl Plans: Effective measures will be provided to protect operating person-

nel and the general public in case of a major accident such as fire or accidental 

release of radioactivity. Stat.ion personnel will be trained and familiar with 

emergency procedures. The Aliquippa Hospital staff is currently familiar with 

procedures for handling contaminated and injured personnel. 

Environmental Monitoring Plans: Preoperational and post-startup programs w1LL be 

done to learn the identity and concentrations of radioactive materials in the en-

vironment, and to identify probable sources. The program will be designed to 
verify that radioactivity releases from the station do not represent a hazard to 
the general public and are within permissible limits. To detect and document any 
significant increases in environmental radiation levels resulting from operation13, 

and to verify its effectiveness of the radiological control program. 

Radwaste Treatment: Provides equipment to collect, process, & prepare for disposal 

all radioactive liquid, gaseous, and solid wastes. Atter sampling, some liquid 
wastes are ·evaporated. Evaporator condensate is discharged to the river at concen-
trations below limits of 10CFR20 and other applicable regulations. Evaporator 
residues and noncombustible solid wastes are drummed, and combustible solid wastes 
are baled or drummed, for shipment to off-site disposal. Gaseous wastes are col-
lected & stored until radioactivity level permits discharge at concentrations below 
the l~mits set forth in 10CFR20. 
Stac Height - Hei2ht of stack could not be found. 

Waste Heat Slstem: A once-through cooling system is used with a mechanical 

draft, variable cycle, cooling tower that cools water before return to the river. 
Tower will operate in the summer, or at other times as required, to meet state 

standards of max river temp of 87 F and a max temp increase ·Of 5 F. 

' 
/ 



144 

Page fi 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Beaver Valley Po~er 

Station 

:THERMAL 

OUTPUT, MWt 2660 

TYPE or NUCLEAR 

STEAM SYSTEM PWR ------
N~ARBY BODY OF WATER Ohio River 

----...--------~ 

DOCKET NO. 50-334 ------
NORMAL LEVI:L 664.5~MSL) 

MAX PROB FLOOD LEVLL 707' (MSL) 

'SIZE or SITE 420 ACRES SITE GRADE ELEVATIOll 707 735 (MSL) -----
TOPOGRAPHY or SITE_H_i_· l_l~y ________________________ _ 

.OF SURROUNDING AREA (5 MI RAD) Hilly to Mountainous· 
~-------------------------

.TOTAL PERMANENT POPULATION IN 2 MI RAD 
7760 

(1968) IN 5 MI RAD 17 .o~a (196t:) 

NEAREST CITY OF 50,000 POPULATION_P_i_·t_t_·s_b_u_r•g•h~,_P_e_n_n_. ______________ ~--

DISTANCE FROM SITE 22 MILES POPULATION 504,332 (1968) 

LAND USE IN 5 MILE RADIUS Within 2 miles Industrial and Residential, furtner 

out it is agI"icultura_l 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM On'ce through with cooling tower 

WATER TAKEN FROM Ohio River FOR Condenser coolin·e 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F 

RIVER FLOW 38,000(cfs) avg. *QUANTITY OF MAKEUP WATER (gpm) 

"'TOTAL FLOW THROUGH CONDENSERS 480 ,OOO (gpm) TEMPERATURE RISE 26 F 

"'HEAT REMOVAL CAPACITY or CONDENSERS (Btu/hr) "'Per Unit ------
COOLING TOWERS Mechanical draft used in variable cycle to cool water before 

OTHER INFORMATION return to river. Will operate in S\,llDmer, or· as required 

NUCLEAR SAFETY INFORMATION CENTER 
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HUTCHINSON ISLAND, 50-335 & 50-389 (PWR) Page 1 

Project Name: Hutchinson Island Plant, Reactor: Hutchinson Island 
Units 1 & 2 A-E: ·Ebasco 

Location: Ft. Pierce, Florida Vessel Vendor: 
Owner:. Florida Power & Light Co. Docket No.: 50-335' 50-389 
NSS Vendor: Combu~ ti on Engineering Containment Constructor: 

A. THER..~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2440 H20 /11, 3.35 
MWt C:olcl 
Electrical Output, 

825 ·Avg 1st-Cycle il,900 
MWe Burnuo MWD/MTU 
Total Heat Output fo.r 2700 First Core Avg 21,060 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8330 x ioG Maximum B11rn1.1p, ---
Btu/hr MWD/MTU 
System Pressure, 2250 Region-! 1. 80 
psia Enrichment, % 
.lJNUK, 2.15 Region 2 2.48 
~:ominal Enrichment, % 
Total !''.low rate, 122 x 106 Region ·3 2.93 
lb/hr Enrichment, % 
Eff Flowrate ·for 119.5 x 106 keff, Cold, No 1.288 
Heat Trans lb/hr Power, Clean 
Eff Flow Area for 53.2 keff, .Hot, Full Power 1.153 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 13.8 Total Rod > 9.0 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.23 x 106 Shutdown Boron, No 1400 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 550 Shutdown Boron, No 1600 
Inlet Temp, OF Rods, Clean, Hot, ovm 
Avg Rise in 53 Boron Worth, Hot, ---Core, OF % tik/k/ppm 
Norn Hot Channel 652 Boron Worth, Cold, ---
Outlet Temp, OF % tik/k/ppm 
Avg Film Coeff, 5100 Full Power Moderator 0 to -2xlo-'+ 
Btu/hr ft 2

, °F Temp ·coeff . tik,'k/'? 
-··-Avg Film Temp 32 Moderator iress 0 to 2x10-6 

Diff. of_ Cocff; .1k/k/psi 
Active Heat Trans 50,200 Moderator Void Coeff 0 to -1. 6x-1Q-3 
Surf Area, ft 2 tik/k/% Void 
Avg Heat Flux, 162,000 Doppler Coefficient, 

(-1 to -1. 8) x10-S Btu/hr ft 2 tik/k/°F 
Max Heat Flux -· ... 

Shutdown.!1"argin, Hot 
·Btu/l:r ft" 

501,000 
One Rod Stud.- • 0

{ tik/k 1.0 
._Avg Thermal 5.6 Burnable Poisnns, Chemical Shim 
Output, kw/ft Tvpe and Form (Rnr-lr A~•-n 

Max Thermal 17.4 Number of Control 85 Assemblies 
Output, kw/ft Rods (425 Rods) 
Max Clad Sur- 658 Number of Part-Length 
.face Temp, OF Rods (PLR) 
No. Coolant 2 
Loops 

Compiled By: H. B. Piper and G. L. West• 
Date: 

··--
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P;:iop 2 PWR -
Reactor: Hutchinson Island 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.97 rad. .Design Winds iri mph: 

Low Population Zone Dist., Mi. 5 (2-23) At 0 - 50 ft elev 

MetroEolis Distance PoEulation 50 - 150 ft 
West Palm Beach , Fla. 45 mi 61,000 (69) 194 mph 

Design Basis Earthquake 
(2-79) 150 - 400 ft 

Accel., g 0.05 

Operating Basis Earthquake Tornado 337 
Accel., G ---
Earthquake Vertical Shock, f:,p = - psi/ - sec 

·% of Horizontal ' 
Is intent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

DL CONTAINMENT 

.Design Press, Calculated Max 
psig 39.6 Internal Press, psig 44 
Max Leak Rate at 0.05 
Design Press, %/day (14.15-4) 

· Ty'(>e of Construcfi·on: Steel cylindrical vessel with hemispherical dome and 
e1fipsoiaaI bottom, surrounded by concrete shielding building. 

Des·ign Basis: Double-ended break of the largest coolant pipe with unobstructed 
discharge from both'ends. Pressure and temperature behavior is calculated taking 
into account heat sources, sinks, and engineered safety features. 

Vacuum Relief CaEabilit~: There is a vacuum relief designed to limit 
differential pressure t9 ·o. 75 psi: (5-5). 

Post-Construction Testing: Periodic leak-rate tests will be made (5-50). 
Penetrations with -expansion bellows may be tested at any time (5-49). 

Penetrations: Double and individually testable. 

Weld .Channels: None. 
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Paoe 3 PWR -
Reactor: Hutchinson Island 

D2. ·CONTAINMENT SAFETY FEATURES 

Containment SEra~ ·s~stem: Two spray pumps take suction from refueling water 
tanks. Each. of two spray headers can supply 100% of cooling required (6-li). 

Containment Cooling: Four cool~ng units. Three are normally in use (6-13). 

. 
Containment Isolation S~stem: High-pressure signal closes all .redundant valves 
in fluid piping not required for emergency safety·syste~s (5-13). 

Containment Air Filtration: Two systems including HEPA filters and charcoal 
absorbers (5-38). 

Penetratio'n Room: Electrical penetration rooms shown at 2 different floor 
levels. 

Organic-Iodide Filter: None 

Hydrogen Recombiner: None 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks, 200 psig 1000 ft 3 each of borated water (6-5). 

High-head Safet~ Injection: Three, 300·gpm, 2400-ft-head pumps (6-5). 

Low-head Safety Injection: Two, 3000 gpm, 350-f t head pumps (6-5). 

... .. 
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a2e . w P 4 P R 

Reactor: Hutchinson Island 
E. OTHER SAFETY-RELATED FEATURES 

'Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilitr ~ 

Reactor-Coolant Leak-Detection Systems: Indicated by pressure. or drain tank 
level and/or high makeup system flow (4-35). 

-

Failed-Fuel-Detection srstems: Not found. 

Emergencr Power: Two. 240-kv traµstnission lines (8-8). TWo diesel generators each 
will supply engineered safeguard load (809). Also some battery backup (8-10). 

.. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Dissolved boron (3-25) 

Part-Length Control Rods - None 

In-Core Instrumentation - Self-powered neutron detectors at 45 locations will 
provi,de 225 flux measurements (7-30). 

.unborated Water Control: ·Reactor uses boron as a chemical shim. Chemical and 
volume coolant system has letdown system for pressure and temperature control; 
activity and boron monitor; ion exchange bids (9-3). 

Long-Term Cooling - Internal or External Srstems: Will remove 240xl0° Btu/hr, 
using four 50,000-cfm fans with associated cooling coils; 3 units normally.in 

. operation (6-13) • 
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~g~. , P 5 PWR 

Reactor: Hutchinson T!"land 

F. MISCELLANEOUS 

Windseeed, Direction Recorders, and Seismograehs: Meteorological tower to be 
erected in mid-1969 to measure winds, temperature, rain gage, humidity, and 
pressure. No seismographs discussed. 

Plant Oeerating Mode: Load following. 

S~te Features: Plant is located on a narrow strip of land just off the east coast 
of Florida, known as Hutchinson island. Site consists of 1132 acres. The Indian 
River which is the intercoastal waterway lies between·the island and mainland; 
The site is flat and. low (grade elev 18' MSL). Most land within 5 mi of the site 

. is undeveloped or recreational . Population within 5·miles of the site is. 1580. 
Fort.Pierce is 8 miles NNE, 

Turbine Orientation: ~140 ft west of containment perpendicular to E-W center line 
of containment {F 1-5). Ejected turbine blades could strike.containment. 

Emergenc~ Plans: Plans with written procedures will be prepared to cover all io.:e-
seeable emergencies such as fire, personal injury and illness, radiation exposure, 
contamination, and other conditions nuclear or non-nuclear. Practice drills will 
be held. Outside agencies, such as Police, Fire Department, AEC, etc. will be 
called upon as required. 

Env:i. t:onmen tal Monitoring Plans: Not found. 

Radwaste Treatment: Waste management system is designed to provide treatment and 
disposal of ll4uld, gaseous·, a.nd solid wastes. Principal criteria is to insure 
that plant.personnel and the general public are protected. 

Stack Height - Not found. 

Wasta Heat Siatem: Water will lie Lakeu from ~he Atlantic Ocean and discharged 
back to the ocean for a once-through cooling system using 530,000 gpm and heating 
the water 21 F. Intake and discharge pipes extend 'out 1200 feet from shore. 



G. CIRCULATING WATER SYSTEM 

& SITE FEATURES 
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Tl!l:RMAL TYPJ..: or iiUCU..:AR 

OUTPUT, MWt 2440 STEAi1 SYSTLi1 Plt!R 

llEARBY BODY Of WATER Atlantic Ocean 

SIZE OF SITE 1132 ACRI:S -----

Pa t: 6 

Hutchinson Island Plant, 

Units 1 & 2 

, DOCKET 110. 50-335 

50-389'' 

llORMAL LEVJ..:L 0 (MSL) ----
MAX PROJ.l FLOOD LLVEL 21 I ( i·lSL) 

SITE GRADE ELEVATION 18' (MSL) ----
TOPOGRAPHY OF SITE· Flat, much 9f it covered with water 

OF SURROUNDING AREA ( 5 MI RAD) Flat ------------------------
TOTAL PE~MANENT POPULATION IN 2 MI RAD 140 ( 1978) IH 5 MI RAD 1580 (1978) 

,NEAREST CITY.OF 50,000 POPULATION West Palm Beach, Florida -------------------------
DISTANCE fROM SITE 41 MILES POPULATION 61,000 U969 ) 

LAND USE IN 5 MILE RADIUS Undeveloped except for limited Residential and 

Recreational 

CIRCULATING HATI.:R SYSTEM TYPE OF SYSTEM_O_n_c_e_t_h_r_o_u.,.gh _________ _ 

Atlantic Ocean WATER TAKEN FROM -------------------- FOR Condenser cooling 

WATER l:lODY TEMPERATURES - WINTl:R AVG - · F SUMMER AVG - F AVG - F 

RIVER FLOW NA (cfs) *QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSI.:RS 530 ,000 (gpm) TEMPERATURE RISE ·21 F 

*HEAT REMOVAL CAPACITY OF CONDENSE:RS (Btu/hr) ------ *Per Unit 
COOLING TOWERS None 

_,,.,,....,,..,... ______________________________________ __ 
OTHER INFORMATION After passing through condensers, water will be ·discharged 

to the Atlanti~ Ocean. 

;'. --NTIAl \) i::: • . 
·. ~'? \. . . 
q.. I' 

NUCLEAR SAFETY INFORMATION CENTER 
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·. ... 
MILLSTONE., 50-336 (PWR) Page ] 

Project Name: Millstone Nuclear Pwr Sta., Unit 2 Reactor: Millstone, Unit 2 
A-E: Bechtel 

Location: Waterford, Connecticut Ve~sel Vendor: Combustion Engineering 
Owner: Connecticut Light & Power Co. etD8 ket No.: 50-336 
NSS Vendor: Combustion Engineering Containment Constructor: Bechtel 

A. THER..~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, Initial Oper.256C H20/U, 3.35 
MWt Cold 
.Electrical Output, Avg 1st-Cycle 11,900 MWe 828 Burnup MWD/MTU 
Total Heat Output for 2700 First Core ·.Avg 

21,.060 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8740 x106 Maximum Burnup, 

28,000 Btu/hr , MWD/MTU 
Sys tern Pressure, 2235 Region-1 1. 80 psia (2250 in T 1-1) Enrichment, % 
uNJSK, Region 2 

2.48 Nominal 1.95 Enrichment, "/.. 
Total Flow rate, 122xlQ6 Region-3 2.93 
lb/hr I Enrichment, % 
Eff Flowrate tor ll9.5x10°(p 1-14). keff, Cold, No. 1.286 
Heat T,rans lb/hr. ll8.5x106 (p 3-8) Power, Clean 
Eff Flow An!a for 

53.2 keff•' Hot, Full P'ower 1.153 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 

13.9 
Total Rod >9.0 

Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.23xlo6 Shutdown Boron, No 1400 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 

550 
Shutdown Boron, No 1600 

Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise .in 55 . Boron Worth, Hot, Not found 
Core, OF % lik/k/pprn 
Norn Hot Channel 

650 
Boron Worth, Cold, Not found 

Outlet Temp, OF % lik/k/pi:irn 
Avg Film Coe ff, 

5260 
Full Power Moderator 

0 to -2xl0- 4 
Btu/hr ft 2 , OF Temp Coeff, 6k/k/°F. 
Avg Film Temp 

33 
Moderator Press 

0 to 2x1Q-6 
Diff, OF Coeff, 6k/.k/osi 
Active Heat Trans 

50,200 
Moderator Void Coef f 0 -1. 6xlo-3 

Surf .Area, ft 2 . l>,k/k/% Void 
to 

Avg Heat Flux, 
169,600 

Doppler Coefficient, (-1 to -L8)x10-5 
Btu/hr ft 2 lik/k/°F 
Max Heat Flux 

525,800 
Shutdown '1argin, Hot 1.0 Btu/hr ft 2 One Rod Stuck % lik/k 

Avg Thermal - 5.9 
Burnable Poisons, Not Specified 

Output, kw/ft Tyoe and Form 
Max Thermal 18. 2 Number of Control 85 Assemblies 
Output,·kw/ft •20 4 .m,,v ~ .. ~~·-· .,... Rods 4?r:.. Rnds 
Max Clad Sur- Number.of Part-Length 

Not Mentioned. face Temp, OF 657 Rods (PLR) 
No. Coolant 
Loops 2 

Cornoiled Hoy: Freel Heclclleson 
Date: April 11, 1969 

- . ----· .. 
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Pan"! 2 PWR 
Reactor: Millstone, Unit 2 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. n.t. Design Winds iri mEh: 

Low Population Zone ·Dist., Mi. 4 (p 2-3) 
' 

Metro2olis Distance Po2ulation Design storm 136 mph (p 2-15) 

Hartford, Conn. 41 mi. 58,700 (69) 
Design Basis Earthquake 
Accel., g 0.17 (p 5-4) . 

Operating Bas' is Earthquake Tornado 300.mph + 60 Accel.., G 0.07 tang. trans. 

Earthquake Vertical Shock, liP = 3 psi/ 
% of Hori:z;ontal 66 -sec 

Is intent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

D·esign Press, 
54 

Calculated Max 
psig Internal Press, . psig 54 

Max Leak Rate at 
3.00 (p 5.46) Design Press, %/day 

Ty Ee o.f Construction: Double containment. Inner structure is pres tressed post:-
tensioned concrete cylinder with dome top and flat base lined with steel plate. 
Outer enclosure building is limited-leakage steel-framed stru~ture with metal 
siding and roof deck. Penetr.ations are leaktight. For LOCA, enclosure-building 
filtration region is held at ·small neg. press-exhaust filtered. 

E.~s.~g~ __ Bi!:~~? .. : Containment and penetrations designed to contain pressures result-
ing from LOCA in which there is: (a) Max. pipe size double-ended break of reactor 
coolant; (b) simultaneous loss of external electric power; (c) core cooled by 
water from safety injection system; (d) air recirculation, CTMT spray system 

.either or both function; (e) safety-injection tanks operate within 30 sec. 

Vacuum Relief CaEabi li ty: Vacuum breakers not. requirea. uesignea tor.2-psi dirt. 
press. outside to inside. CTMT can be cooled from 120°.F to 50°F while sealed off 
without exceeding press. -dif f. J:imits. 

Post Construction Testing: CTMT tested at 54 psig x 115% for leaktightness. 
Postoperational tests will be periodic at 50% of LCI press. 

" 

Penetrations: All single except refueling tube. Only electrical are testable. 

Weld. Channels·: None installed. 
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P 3 PWR a~e 

Reactor: :-lillstone, Unit 2 

D2. CONTAINMENT SAFETY FEATURES 

Containment S12ra:t S:tstem: Sprays borated water t·o cool CTMT atmosphere. The spray 

system a:i.r recirculation coolers provides sufficient cooling when only one of the· 2 

spray pumps is running on emergency electric power. Each pump capacity is 1350 gpm 

@ 500-ft head. The system starts when CTMT reaches 26 psig. Pumps take suction 

.from refueling water storage t.ank until that tank is empty. Suction is then trans-

fer,red automatically tu th!:? CTMT sump. 

Containment Cooling: The air recirculation .system cools CTMT afr. Three of the 4 / 

recirculation cooling units (50 hp) have the same heat-removal capacity as the 
CTMT spray systems (240x106 Btu/hr). Water circulates thru the finned tubes and 
is cooled by one shutdown cooling heat exchanger. 

Containment Isolation S;):'.stem: Isolation in nonessential proces.s lines occurs co-
inCident with safety-injection actuation signal. Essential process lines are 
isolated coincident with CTMT spray actuation signal. All above are double 
barrier. 

Containment Air Filtration: , Exhaust from filtration region pas·sed thru charcoal. 
filters to unit stack. 

Penetration Room: Space between concrete containment vessel and outer enclosµre· 
building is the equivalent penetration room. 

Organic-Iodide Filter: Standard type charcoal filters only. 

Hldrogen Recol!l,!:>in~.E_; None mentioned. 

D'.\. SAFETY INJECTION SYSTEMS 

Accumulator'Tanks: Four tanks, each having 7000-gal capacity of borated water. 
Design pressure is 250 psig. Whert pressure .in reactor ·coolant system falls below 
200 psig, check-valves open, dumping contents into the reactor coolant system and 
reactor vt:?ssel. Three of 4 tanks will cover the ·core s.ufficiently to prevent clad 
melting or metal-water reaction. 

H.L~h-ht:?atl Safei:;t Injection: Three high-pressure pumps each rated ~or 300 gpm at 
1750 psig. One pump running·will deliver 225 gpm to the core. System is 
initiated by either low pressurizer pressure or high CTMT pressure.· . Supply comes 
from 350,000 gal. refueling water storage tank (borated water). 

Low-head Saf et:t Injection: Two low-pressure pumps are available, each having 
3000 gpm capacity at 500 psig. One pump running will.deliver 2250 gpm to the 
core. Supply is same as for high-pressure pumps. With mininum safety-injection 
system operating, for a 42-in. pipe break, maximum clad temperature occurs 25 sec 
after break, reaching about 1780°F .(see Fig. 14 .10-7). 
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P 4 PWR aQe · 

Reactor: Millstone, Unit 2 

E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor For.ces -

' 

Core Cooling capability -

Containment Floodabili t:t: -

Reactor-Coolant Leak-Detection Slstems: There are seve.ral m.eans f.or detection, 
such as:. (a) Increased press or temp in CTMT; (b) Monitoring CTMT sump; (c) In-
creased air-borne activi·ty in CTMT.; (d) Change in liquid level in pressurizer, 
etc.; (e) Teinp. increase of piping from relief & safety valves; (f) .Activity. 
increase indicated. by condenser vacuum monitors. No sensitivity dat~ given. .. 

' ' 
Failed-Fuel~Detection .S::tstems: Studies are being· conducted· to determine the 
best location for a continuous gross-gamma monitor. The potential of delayed:-
neutron monitoring equipment and of single-chaime.l· spectrometr)' for a specific 
fission product is being evaluated {p 1-26). 

'Eme.rgenc;:t Power: One 345-kv. line from misc. 04tside sources. Two diesel genera:-
tors are available, one of which can supply minimum required engineered safeguards 
Two sets of 125-dc batteries supply emergency service to controls. 

,. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Dissolved boron 

·. ·. 
Part-Length Control Rods - None 

In-Core Ins trumentatio.n - ·Fixed neutron-sensitive detectors are spaced 
radially and axially in 45 core locations to provide 225 flux measurements. 

Unborated Water Control: Concentrated boric acid is sto·red in 2 tanks. one tank 
has capacity .to bring reactor coolant to cold shutdown concentration. Boron dilu-
•tion is carried out under strict procedural controls with associated alarms so 
that unsafe dilution cannot occur. 

Long-Term Coolin~ - ·Intern.al_ or External sxstems: Internal cooling by low-pressur• 
safety-injection syst'ems and shutdown heat exchangers. External cooling by air 
recirculation units removing 24Qxlb6 Btu/hr. 

I 
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a~e ' 
P 5 PWR 

Reactor: Millstone, Unit· 2 
F. MISCELLANEOUS 

Winds2eed, Direction Recorders, and Seismogra2hs: Not mentioned. 

' 

Plant 02erating Mode: Load-following. 

S.ite Features: Unit 2 of Millstone is adjacent to Unit 1 on 500 acres of land on a 
peninsula extending into Long Island ·sound. Niantic Bay is on the west side from 
which cooling water is taken. The area is flat with site grade of 14' MSL, The 
surrounding land is mostly undeveloped except for recreational areas along the 
Sound. Population within 2 mi radius including summer-beach people is 47ll, but 
within a 5 mi radius, there could be up to·6o,ooo. 

.. 

' 

Turbine Orientation: Centerline about 150 ft west of containment centeriine. 

Emergenci Plans: Written procedures will be used for emergencies such as .fire,· 
injuries or illness, radiation exposure, contamination, etc. Practice dril~s 
will be used for training and continued familiarity. Police and Fire Departments 
can be called for help, as can Coast Guard, AEC, etc. A Radiation Emergency Plan 
for LOCA is available. 

Environmental Monitori.ng Plans: Radiation-level studies stal'ted in 1967 and will 
continue after operation. Studies include airborne particles, 

. 
soil and vegetable 

samples, and marine life. 

Radwaste Treatment: l:iquid waste demineralized. Gaseous waste held for decay. 
Solid waste packaged and shipped for ?f f-sitc disposal: 

Stack Height: A steel vent stack extends 12 ft thru the roof and above outer en-
closure building, 178 ft above grade. A 375' high stack will serve both Unit 
1 and Unit 2. 

' 

Waste Heat S;tstem: A once-thru system takes water from Niantic Bay of Long Island 
Sound and discharges it into Twotree Channel of Long Island Sound. Water tempera-
tu res of Lhe Sound average in the.low 50's for the year (summer ~68, winter ~39) .. 
Unit 2.will use 540,000 gpm with a 22.5°F temp rise. Both 1 and 2 will use 
970,000 gpm with ??..5°F temp ri~e. 

' 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Millstone Nuclear Power 

Station, Unit 2 

THERMAL TYPE OF NUCLEAR DOCKET NO. 50-336 ------
STEAM SYSTEM PWR OUTPUT, MWt 2560 ------

NI.:ARBY BODY OF WATER Niantic Bay (Long Is. Sd) 

SIZE OF SITE 500 ACRES -----
TOPOGRAPHY OF SITE Rollin 

NORMAL LEVEL 0 ( MSL) ----
MAX PROB FLOOD LEVEL_l.!:.._(MSL) 

SITE GRADE ELEVATION 111
1 (MSL) 

-------------------------------~ OF SURROUNDING AREA (5 MI "RAD) Rolling ------------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 0'4711 (l~li!.J ) IN 5 MI RAD"'!.Jc.i, 700 0.%5 ) 

NEAREST CITY OF·50,000 POPULATION __ 1_1a_r_t_f_o_r_d~1 _c_o_n_n_· .• ____ *_i_n_c_l_u_de_s_s_u_m_m_e_r_.p_e_o.p_l_e __ 

DISTANCE' FROM SITE 41 MILES POPULATION lt>8 ,ooo 0.%9 ) 

LAND USE IN 5 MILE RADIUS Undeveloped-73%, Recreational-11%, Agricultural-9%, 

J{esidential-59.; 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through using a quarry 

WATER TAKEN FROM_N_i_a_n_t_i_c __ il_ay..___. ___________________ _ FOR Condenser cooling 

WATER l:IODY TEMPERATURES - WINTER AVG 39 F SUMMER AVG 68 F AVG 50 F 

RIVER FLOW NA (cfs) avg. •~QUANTITY OF MAKEUP WATER (gpm) 

'''TOTAL FLOW THROUGH CONDENSERS 540,000 (gpm) TEMPERATURE RISE 22,5 F 

:'•HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS None ----------------------------------------------
OTHER INFORMATION Co~denser cooling :.Jater discharged into Two Tree Channel of 

Long Island Sound. Total condenser coollug fo1• Luth uni ta is \l70 ,000 spm. 

NUCLEAR SAFETY INFORMATION CENTER 
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NORTH ANNA, . 50- 338 & 50-339 (PWR) Page 1 

Project Name:·North Anna Power Station, 1&2 Reactor: North Anna 
A-E: Stone & Webster 

Location: Louisa Co., Virginiat Vessel Vendor: Not SpecifiPd 
Owner: Virginia Elec. & Power Co. Docket No.: 50-338, 50-339 
NSS Vendor: Westinghouse Containment Constructor:Stone & Webster 

t 40 mi. NNW of Richmond 

A. THERMAL-HYDRAULIC B .. NUCLEAR 

Thermal Output, 
2652 H20/U, *4.18 

MWt Cold 
Electrical Output, 

892 Avg 1st-Cycle *14,500 
MWe Burnup, MWD/MTU **13.500 
Total Heat Output for 

2766 First Core Avg· 
*24,000 Safety Design, MWt Burnup, MWD/MTIJ 

Total Heat Output, 
*8328 x 106 Maximum Burnup,MWD/MTU 31,500 Btu/hr MWD/MTU 

System Pressure, 
*2250 Region-1 *2.0 psia Enrichment, % 

LJNjjR, 
*1.85 Region-2 *2.6 Nominal Enrichment, % 

Total Flow rate, 100.7 x 106 Region-J .'"3. 2 lb/hr Enri.c:hmen t, % 
l!;tt Flowrate for 

*96.2 x 106 keff, Cold, No **1.190 
Heat Trans lb/hr Power, Clean 
Ef f Flow Area for *41.8 keff • Hot, Full' Power **.l. 085 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along *14.2 Total Rod . *7 .0 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity *2.30 x 106 Shutdown Boron, No *1460 **1350 
lb/hr-ft 2 · Rods, Clean, Cul<l, ppm 
Nominal Core *543.5 Shutdown Boron, No *1560 **1310 
Inlet Temp, OF Rods, . Clean, Hot, ppm 
Avg Rise in *70.2 Boron Worth, Hot, -v85 
Core, o.F % 6k/k/ppm 
Norn Hot Channel *644.6 Boron Worth, Cold, -v7Q 
Outlet Temp, OF % 6k/k/ppm 
Avg Film Coe ff, *5370 Full Power Moderator * 
Tl tn /h.r ft 2, OF Temp Coeff, 6k/k/°F (O .. 3 to -3.5)10- 4 

Avg Film Temp *38.7 Moderator Press * 
Diff, OF Coeff, 6k/k/osi (-0.3 to 3. sno- 6 
Active Heat Trans *42,460 Moderator Void Coe ff * -0.1 to 0.3 
Surf Area, ft 2 6k./k,/% Voj d Al.. /J.. , ... 

"'" ''"'"" Avg HeaEr'lux, - . ··--
Doppler Coefficient, *207,600 1< 

Btu/hr ft 2 6k/k/ 0 f (-1.0 to -1. 6) 10-
Max Jieat Flux *543,300 Shutdown ~argin, Hot 

1.0 Btu/hr ft 2 One Rod Stuck. % tik/k 
Avg Tht:!nnal *6.7 Burnable Poisonsi Borosilic.a te 
Output, kw/ft Type and Form Glass in SST Tube 
Max Thermal *17.9 Number of Control 

*900 + .PLR Output, kw/ft 20 0 0"'"1' ,.,,,._,.,.,. . Rods . .. 
Max Clad Sur- Number of Part-Length 1:160 
face Temp, OF 657 Rods (PLR) 
No. Coolant I 

Loops 3 

*Table 1. 3.1. Compiled By: Fred HeJJle~un 
**Table 3. 3-1 Date: April 1969 
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p,.,,., ') PWR 

Reactor: North Anna 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.83 Design Winds in ~: 
' 

Low Population Zone Dist., Mi. 1 1/4. At 0 - 50 ft elev 27 

Metro2olis Distance P.02ulation 50 - 150 ft 36 
Richmond, Va. 40 mi. - 216 ,451(68) 

Design Basis Earthquake 0.150 150 - 400 ft 40 Accel., g 

Operating Basis Earthquake 0.075 Tornado 300 tang. + 60 trans (mph 
Accel., G 

Earthquake Vertical Shock, Not 
f:,p = 3 psi/ 3 % of Horizontal given sec 

Is intent of 70 Design Criteria· satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

·Design Press, 45 Calculated Max 42.5 
psig Internal Press, psig 
Max Leak Rate at 0.1 
Design Press, %/day 

Tx2e of Construction: Steel-lined, heavily reinforced concrete structure with 
vertical cylindrical wall and.hemispherical-dome roof supported on a flat re-
inforced concrete-foundation base mat. 

DPsi.gn Basis: Containment de~igned for highest pressure which results from a 
double-ended rupture of the largest pipe of the reactor cooiant system (reactor 
vessel hot-leg). For DBA it is assumed that (a) loss of station power occurs 
and emergency power is supplied by one diesel generator" (b) minimum Engineered 
Safeguards are activated (accumulators, safety injection, and CTMT spray). 

Vacuum Relief Ca2abilitx: 3.7 to'.>./ psi vacuum during operation, out no re.Lier 
capability mentioned. Steam-jet ejector used to pull vacuum down during startup. 
Vacuum then maintained by small vacuum pumps. 

Post-Construction Testing: CTMT leakage continuously monitored. t'enetrations 
and isolation valves tested for leakage. 

l'enetrations: ---

Weld Channels: Yes, installed over seam welds, pressurized to 50 psig with Freon-
air mixture and tested during cons·truction. 
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Pa~e.3. PWR 

Reactor: North Anna 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Two systems: Quench Spray - 2 headers, each with its 
own pump. Pumps (2000 gpm ea) are dual-drive (steam & electric), pumping chilled 
water (45 F) from refueling-water storage tank. One of the 2 systems will supply 
full capacity for depressurization. Recirculation Spray - This system starts after 
refueling-water storage tank is. near depletion. Four pumps are available for pump
ing from CTMT sumo. Two plllllPS must rv.n full design capacity. T~is system can run 
continuouslv for oavs-for heat removal.. 

Cop..tainment Cooling: Air recirculation system cool.s L.l.l"ll air .. Tnre.e cooling 
units. of 75,000-cfm capacity each will maintain 105 F max. operating temp. Water 
circulated through cooling coils will be chilled by refrigeration system. 

Containment Isolation System: Provides 2 barriers between outside atmosphere 
and (1) CTMT atmosphere and (2) reactor coolant system. All valves operate auto
matically, and positions are indicated in the control room. Leak tightness of 
valves can be monitored. 

Containment Air Filtration: Two complete and independent filter systems (pre
filter, absolute.filter, and charcoal filter). One system will handle 1 liter/hr 
leakage with 1% failed fuel elements. 

Penetration Room: None 

Organic-Iodide Filter: Standard-type charcoal filters only. 

Hydrog~n Recombiner: None mentioned. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Three tanks of 7000-gal capacity each are maintained at 650 
psig with nitrogen. Tanks operate when reactor-coolant-system pressure drops be
low 650 psig, spilling borated water into each coolant loop. If one loop runs 
water out on CTMT floor, the other two loops carry water to the reactor vessel to 
cover the core. 

t---------------------=-----········-·----~-----------t 
H:lgh-head Safety Injection: Three charging pumps each with. 150-gpm capacity at 

2500-psig draw borated water from the refueling water storage tank. One pump de
. livers through piping tnat charges 900 gal of 20,000 ppm borated water immediately 
into one hot leg. One charging pump supplies 100% design ~apacity. 

Low-head Safety Injection: Two pumps with suction from refueling water storage 
tank injects into system at 300 psig. One pump supplies 3000 gpm or 100% desi~n 
capacity. 
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age '. P 4 PWR 

Reactor: North.Anna 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: Three -modes of failure investigated in conjunc-
Missile & Reactor Forces - tion with safety injection of water following 

LOCA. Three modes are: ductile failure, brittle 
failure, and fatigue failure. In each analysis, 

Core Cooling Capability - vessel design was found adequate, and no credible -
failure is thought possible. 

Containment Floodabilit~ -

Reactor-Coolant Leak-Detection S~stems: Several methods, as follows:. (a) CTMT air 
particulate monitoring system (see below), (b) CTMT gas monitor, (c) Unusual 
quantity of makeup water for pressurizer, (d) CTMT sump water level, (e) CTMT pres-
sure, temp, and humidity instrumentation. CTMT air-particulate monitor response 
time is a function of percent of failed fuel & rate of leakage - 1000 cc leakage 
with 1% failed fuel will be detected in one min. (See Fig. 4.2.7.1-1). 

Failed-Fuel-Detection Systems: None mentioned. Section 3.5.2.2 indicates 
failure of fuel rod unlikely. 

Emergenc~ Power: Three diesel generators will function as follows to supply·pwr 
for engineered safeguards needed following an incident: Generator No. 1 will be 
exclusively.for reactor No· l; ·generator No. 2 will be exclusively for reactor No. 
2· , and generator No. 3 will function as back-up for either No. 1 or No. 2 genera-
tor. Generator will start automatically on loss of normal power and.accept loads 
in 10 sec. In 25 sec, one generator will carry all requ·ired loads (p. 8.5-1). 
However, Section 1.2.8 says 2 gas-turbine-driven generators will supply emergency 
power. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Borosilicate glass in control rods and soluble boron in re-

actor coolant. 

Part-Length Control Rods - - ~es; a total of ltSO single rutls ln 8 asbl:!lllulics. 

In-Core Instrumentation - Yes; used to periodically calibrate and verify the 
information provided by out-of-core instrumentation. 

Unborated Water Control: Boric acid .tanks will always have quantity adequate for. 
reactor shutdown. Injection rate provides for shutdown in 15 min with no rods in-
serted using half of the pumping capacity available. Transfer pumps transfer boric 
acid from storage tanks to the high-pressure charging-pump suction for injection 
into reactor coolant. Charging pumps are used by the safety-injection system. 
Liquid from the letdown line is collected in the boric acid recovery system for 
processing. Check valves prevent back-flow of borated water from r:eactor coolant 
to other system·s. 

Long-Term Coolin~ - Internal or External S1stetns: Internal - Recirculation spray 
system and the low-head safety-injection system. External - By air-recirculation 
units. 
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Page 5 PWR 
' ··. 

Reactor: North Anna 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and Seismo~raEhs: Tower (140' above grad.e) to be 
located on a peninsula extending into the reservoir. · No seismographs mentioned. 

~ 

Plant 0Eerating Mode: Load-following (10.1-1); base loading, initially (10. 2-1). I 

' 
S~te Features: Site consists of 1075 acres on the south side of the North Anna 

·River. A dam is being built 5 miles downstream which will form a 13,000 acre re-
servoi~ 1. 7 miles long. By using a system of dykes, a large cooling pond of 3400 
acres will be formed near the plant site. The area around the· plant is rolling, 
sparsley populated and mostly wooded. Richmon!!, Va. is the closest city of 50,000 
or more populat_ion. It is 40 miles. 

Turbine Orientation: Turbine centerline perpendicular to condenser tubes.· Both 
turbines on same centerline about 206 ft north of centerline of CTMT structures. 

Emergenci Plans: Detailed written procedures for emergen·cy nuclear situations will 
be prepared for prearrangement and organization of personnel to handle any fore-
seeable station emergency. All station personnel will be made.familiar with 
emergency plans thru training and practice drills. 

Environmental Monitoring Plans: A site meteorological program will be initiated 
and conducted for one year before startup (p. 2.2.1-1). 

Radwaste Treatment: System designed to collect ~nd separate liquid-, gaS!=!OUS, and 
solid wastes. Activity levels will be based on 1.0%.: of fuel rods in core having 
cladding defects. Liquid Wastes will be stored for decay, then evaporated. Con-
densate will be filtered and discharged thru the circulating· water system. Gaseous 
Wastes will be suitably diluted before discharge. Solid Wastes will.be drummed and ---shipped offsite for disposal. 

Stack Height -· No stack mentioned. 

Waste Heat S}'.stem: A once-thru cooling system will be used taking condenser cool-. 
ing water from the reservoir and discharging it to the cooling pond l_agoon, and the1 
back to the reserVoir. PSAR says water re-entering the reservoir will be very near 
reservoir temp. Reservoir has cooling capacity for 4000 Mw(e) of p6wer generation. 
About 900,000 gpm will be used for condenser cooling.with a temp rise of 14 F 
across condensers. 



H. CIRCULATING WATER SYSTEM 
&. SITE FEATURES 
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Page 6 

I T :;ACTOR NAHE __ N_o_rt_h_A_n_n_a_P_o_w_e_r_st_a_t_i_· o_n_ 

Units l & 2 

rtlERMAL TYPE or NUCLl'J\R . 

STEAM SYSTEM PWR 

DOCKET NO • __ 5.;..0-_3.;..3.;..8;..._ 

50-339 OUTPUT, MWt 2652 -----
:n::ARBY BODY OF WATER North Anna River Reservoir ·NORMAL LEVEL 250' (MSL) 

MAX PROB FLOOD LEVEL 258' (MSL) 

SIZE or SITE 1075 ACRES SITE GRADE ELEVATIOll 271' '. "l!;L) 

!~POGRAPHY OF SITE Rolling --------------------------------0 F SURROUNDING AREA· (5 MI RAD) Rolling ---------------------------------
TOTAL PERMANENT POPULATION IN MI RAD 

172 
(1968) IN 5 MI RAD 1040 ( 1968) ----

··;EAREST CITY OF 50 ,OOO POPULATION Richmong, Virginia 

------------------------------------DISTANCE FROM SITE 40 MILES POPULATION 216 ,451 (196B) 

:..AND USE IN 5 MILE RADIUS Wooded-60%, and Agricultural-30% 

-.:IRCULATING WATER SYsn.:M TYPE OF SYSTEM Once through using a cooling pond 

WATER TAKEN FROM North Anna Reservoir FOR Condenser Cooling 

WATER liODY TEMPERATURES - WINTER AVG 48 r SUMMER AVG 83 r AVG 65 r - -
RIVER FLOW 315 (cfs) avg. '''QUANTITY or MAKEUP WATER _____ Cgpm) 

'''TOTAL FLOW THROUGH CONDENSERS 900 ,ooo (gpm) .TEMPERATURE Rist 14 r 

'"HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per ·unit ------
COOLING TOWERS None 

----------------------------------~----------
OTliER INFORMATION Cooling water flows from 3400 acre cooiing pond back into the 

North Anna Reservoir. Cooling pond· and reservoir has capacity for 4000 MWe. 

Vl~Gt .... tA 

NUCLEAR SAFETY INFORMATION CENTER 
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SEABROOK,. 50-340 (PWR) Page 1 

Project Name: SEAHROOK NUCLEAR STATION UNIT 1 
A-E: 

Reactor: Seabrook-1 
Ebasco Services· 

Location: 
Owner: 

Hampton Harbor, N.H.* 
Public Service Co. of N.H. 

NSS Vendor: Westinghouse 
*·40 mi. NE_Boston, Nass·. 

A. THER.'1AL-HYDRAULIC 

Thermal Output, 
HWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design, MWt 
Total Heat Output, 
Btu/hr 
System Pressure, 
psia 
IJNBR, 
Nominal 
Total Flow rate; 
Jb/hr 
Ett Flowrate for 
Heat Trans·lb/hr 
Ef f Flow Area for 
Heat Trans, ft 2 

Avg Vel Along 
Fuel Rods, ft/sec 
Avg Mass Velocity 
lb/hr-ft 2 

Nominal Core 
Inlet Temp, °F 
Avg Rise in 
Core, °F 
Norn Hot Channel 
Outlet Temp, °F 
Avg Film Coeff, 
Btu/hr ft 2

, °F 
-Avg Film Temp 
Diff, °F 
Active Heat· Trans 
~11rf ArP>t, ft 2 

Avg Heat Flux, 
Btu/hr ft 2 

Max Heat Flux 
Btu/hr ft 2 

Avg Thermal 
Output, kw/ft 
Max Thermal 
Output, kw/ft 
Max Clad Sur
f ace Temp, °F 
No. Coolant 
Loops 

2652 

920 

2774 

9051 x 106 

2250 

1.85 

100. 7 x 106 

96.2 x 106 

41.8 

14.2 

2. 30 x 106 

543.5 

70.2 

644.6 

5370 

38.7 

42,460 

207,600 

543,300 

6.7 

17.9 

657 

3 

Vessel Vendor: Not specified. 
Do'cket No.: 50-340 
Containment Constructor: Not specified, 

B. NUCLEAR 

Avg 1st-Cycle 
:Surnup MWD/MTU 
First Core Avg 
Burnup, MWD/MTU 

4.18 

13,500 

24,200 , 

Maximum Burnup, 
MWD/MTU 

33,000 (p 3-17) 

Region-1 
Enrichment, % 
Region:-2 
Enrichment, % 
Region-J 
Enrichment, % 
keff, Cold, No 
Power, Clean 
keff• Hot, Full Power 
Xe and Sm 
Total Rod 
Worth, % 
Shutdown Boron, No 
Rods, Clean, Cold, ppm 
Shutdown Boron, No 
Rods, Clean, Hot, ppm 
Boron Worth, Hot, 
% llk/k/ppm 
Boron Worth, Cold, 
% llk/k/ppm 
Full Power Moderator 
Temp Coeff, llk/k/°F 
Moderator Press 
Coeff, llk/k/psi 

· Moderator Void Coeff 
l:J.k/k/% Void 
Doppler Coefficient, 
flk/k/°F 
Shutdown ~argin, Hot 
One Rod Stuck % llk/k 

2.0 

2.6 

3.2 

l. 207 

1.137 

7 

1460 

1560 

1% per 

1% per 

(+0.3 to 
111-4 

(-0.3 to 
111-6 

c+o.5 to 
, n-:i 

(-1.0 to 
10-5 

1.0 

85 ppm 

70 ppm 

-3.5) x 

+3.5) x 

-2.5) x 

-1. 6) x 

Burnable Poison~,1Boric Acid in Coolant& 
Type and Form Bor0~ilicate Glass koc?: 
Number of Control 
Rods 
Number of Part-Length 
Rods (PLR) 

900 

160 

Compiled By.: 
Date: 

F. A. ~ieddleson 

June 1969 

--·--
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C. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.57 rad, 

Low Population Zone Dist., Mi. LS (p2-9) 

Metropolis 
Boston, Mass. 

Distance 
40 mi. 

Design Basis Earthquake 
Acee!., g 

Population 
628, 215 (70) 

0.17 

Opera
1

.tinGg Basis Earthquake 0.08 (p2_67 ) 
Acee ., 

.Earthquake Vertical Shock, 
% ()f Horizontal 

66 

Pal!'e 2 PWR 
Reactor: Seabrook-! 

Design Winds in mph: 

At 30 ft level" 100 mph fastest mile 
with.gust factors from ASCE Paper 
It 3269. 

Tornado - 300 mph tang. + 60 trans. 

f:,p = 3 psi/ 3 sec 

Is intent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 
psig 
Max Leak Rate at 
Design Press, %/day 

54 

0.5 

Calculat'ed Max 
Internal Press, psig 

48 

Type of Construction: The inner steel containment vessel is 2 in. thick, cylindri
cal, with hemispherical dome and ellipsoidal bottom. It i's surrounded by a rein
forced concrete shield buildi.ng, all placed on reinforced concrete foundation mat. 

Design Basis: Designed to cont.ain pressures and temperatures resulting from LOCA 
(double-ended rupture of largest pipe) when external electric power fails and 
engineered safety features start in 25 sec (except for accumulators which operate 
when reactor vessel pressure drops to preset value). 

Vacuum Relief Capability: Automatic devices will prevent CTMT vessel from exceed-· 
ing design pressure. Two vacuum breakers, in series, are used. l;lesign external 
pressure differential is 0.75 psi (p5-7). 

Post-Construction Testing: Vessel will be pressure~tested at 5, 60.7, 48.6, and 
54 psig (leakage measured at these pressures). Post-operational tests will be per
formed to measure leakage rate and leak-tight integrity. Test· frequency will be 
consistent with leakage rate approved. 
Penetrations: Double sealed (p5-Jb) and individually testable. 

1'ione have water seals. 

Weld Channels: None mentioned. 

.. 
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·Pa2e 3. PWR 

Reactor: Seabrook-! 

D2. CONTAINMENT SAFETY FEATURES 

Containment S2ral Slstem: Two pumps of 1300-gpm capacity each at 450-ft head pumps 
borated water from the refueling ·water storage tank into the 2 spray headers. Two 
pumps can provide 100% cooling capacity. Two of the 4 CTMT cooling units & 1 pump 
can provide 100% cooling capacity. When low limit is reached in refueling water 
storage tank, spray plllllp suction can be transferred to the discharge of the resi-
dual heat removal heat exchanger. 

.Containment Cooling: There are 4 cooling units limiting max. temp. to lZO F. I:. a ch 
unit has 40,000 cfm capacity µsing 100 hp motor. Three of the 4 units operating 
can maintain design limits. 

Containment Isolation Slstem: High pressure in CTMT causes isolation system to 
close all fluid line penetrations not required for safety features to operate·. 
High radiation or high CTMT pressure causes purge-line valves to close. Valves 
associated with safety feature can be closed manually. 

Containment Air Filtration: Two airborne radioactive removal units are available. 
Each consists of fan, HEPA filters, and impregnated charcoal absorbers rated at 
10,000 scfm. 

Penetration Room: Two separate electrical penetration rooms and two piping 
penetrat.:ion rooms shown in Fig. 1-12. 

Organic-Iodide Filter: Standard impregnated-type charcoal filters only. 

Hydrogen Recombiner: In case of LOCA, cladding would remain below the melting 
temp. Metal-water reaction would be limited to less than 1%. Hydrogen recombiner 
not mentioned. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: There are 3 tanks, each holding approx. 7000 gal. of borated 
water. When reactor system. pressure drops below 650 psig, accumulators spill water 
into coolant loops. Nitrogen gas is·used for overpressure. Two accumulators have 
sufficient water to cover 1/2 the core. 

High-head Safetl Injection: Three pumps of 150 gpm capacity each at 2750 psig 
take water from the refueling water storage tank and inject it into the coolant 
loops. Injection is through 2 headers, one of which contains the boric acid tank 
for high-concentration injection of boric acid. After LOCA, one high-head pump 
with other safety features operating will limit cladding temperatures and metal-
water reaction, arid ensure that the core will remain intact. 

Low-head Saf etl Injection: Two low-head pumps of 3750 gpm each at 600 psig supply 
core cooling after other two injection systems have operated. Ol).e plllllp has capacit) 
to pertorm the required low-head system function. Suction is taken from'the re-
fueling water storage tarik until its' low limit is reached. Suction is then 
switched to the containment sump and flow is passed through the residual heat ex-
changers before entering the reactor vessel. 

-
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Pa2e 4. PWR 

Reactor: Seabrook-! 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vesst!l Failure: Nothing mentioned. 
Miss.ile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Leakage is indicated by changes in con-

tainment radioactivity, which is monitored continuously. Gross leakage will be 

evidenced by changes of liquid level in the containment sump. 

Failed-Fuel-Detection Systems: Nothing found to indicate such a system. 

Emergency Power: There are two 345-kv transmission lines to the switchyard and 

two full-capacity diesel generators. If off-site power is unavailable, either of 

tw:o independent diesel generators can supply power needed for all engineered 
safety :Eeatures. 

.. 

Control of Axial Xenon Oscillations: 
·Burnable Shims - Boric acid in coolant and borosilicate glass sealed in 

stainless-steel tubes. 

Part-Length .Control Rods - Yes 

In-Core Instrumentation - Yes, used periodically to calibrate and verify 
information provided by·out-of-core inst rumen ta-
tion. 

Uriborated Water Control: Boric acid injection can bring plant to 1% shutdown in 
16' minu~es with no rods inserted (using one of two pumps). 

. 

Long Term _Cooling - Internal or External Systems: Borated water from the contain-
ment sump can be recirculated through the residual heat exchangers and the core 
for.extended periods. The low-head safety-injection pump provides this service . 

.. . . 
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Page 5, PWR 

Reactor: Seabrook-1 
F. MISCELLANEOUS 

Winds peed, Dir·ection Recorders, and Seismographs: Tower to· be constructed at least 
l year oerore operation. No seismographs.mentioned. 

Plant Operating Mode: Load following, automatically-when output exceeds 15% of 
nominal power. 

S_ite Features: Site is two miles inland from the Atlantic Oce.an. It is very flat 
since it is at the edge of the tidal marsh that surrounds Hampton Harbor.. Site 
grade is +20'. Site consists of 650 acres. The plant location is about 2 miles 
east of US Hwy_ #1. Inlet to Hampton Harbor is about iOOO ft wide. Recreational 
beaches line the ocean front. Day~ime summer population could reach 120,000 within 
5 mi radius due to beach traffic. 

Turbine Orientation: Turbine center-line is perpendicular to condenser tube 
bundles. 

·Emergency Plans:· Plans and procedures will be developed foi: handl i.ne emergencies. ·( 
Employees will be given assigned responsibilities a~d practice drills will be used. 
These plans wil.1 cover situations involving the plant site, or uff-site. 

Environmental Monitoring Plans: Two recording tid.e gages have been· installed. Pre 
liminary temperature and salinity measurements have been made. Further studies on 

.biological aspects, bathymetric work, etc., will be made. Preoperational radio
activity monitoring will be done. Samples of water, soil; air particulates, farm 

·and dairy.products, fish, shell fish, and other harbor organisms will be collected. 
_Post-operational monitor.ing· of similar ·nature will continue. 

Radwaste Treatment: Kadioactive. liquias are processea ana recainea insiue Lue ~r.~~ 

& Vol control recycle train. Processed liquid, suitable for release, .is dis~harged 
·into the circulating water discharge. Radioactive gases are held up in gas aecay 
tanks before disposal. Gases are discharged at a (::On trolled rate fro1'.1 ~old up· tanks 
:so as not to contaminate the environment. Solid wastes are .packaged in 55-ga~lon 
drums and shipped off-site for disposal. Max dose rate' for unshielded drums is 
·1 R/hr at one meter. Dose rates higher re~uire.lead shi~l~ing from drum. Annual 
tiquid discharge 246,510 gal. with 3.6lxl0 curies of tritium and 45.8 me of other. 
Annual gaseous discharge - 8809c; Annual solids - 150 to 300 drums. 

Waste Heat System: Once-thru system taking 420,000·gpm from Hampton Harbor, pump
ing thru condensers, which will heat water 30 F, and discharging about 1/2 mi from 
shore in the Atlantic ocean. 
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Page 6 

.G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Seabrook Nuclear Station, 

Unit l 

THERMAL TYPE OF NUCLEAR DOCKET NO. 50-340 

OUTPUT, MWt 2652 STEAM SYSTEM PWR 

NEARBY BODY or WATER Atlantic Ocean NORMAL LEVEL 0 (MSL) 

MAX PROB FLOOD LEVEL 16.5' (MSL) 

SIZE OF SITE 650 ACRES SITE GRADE Ei..EVATIOH 20 1 (M~L) 

TOPOGRAPHY or SITE Flat 
~~--------------------~~------------~--~---------------

0 F SURROUNDING AREA (5 MI RAD) 
~~---------------------------------------------

IN 5 MI RAD 24 ,325 (1968) ·TOTAL PERMANENT POPULATION IN 2 MI RAD. 2,828(1968) 

NEAREST CITY OF 50,000 POPULATION Lawrence, Mass. 
~--------------------~---------------------DISTANCE FROM SITE 20 MILES POPU~ATION 71,000 (1960 ) 

LAND USE IN 5 MILE RADIUS Undeveloped, mostly marshland 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM __ O_n_c_e __ t_h_r_o_u_gh __________________ __ 

WATER TAKEN FROM~f-la_m_p_t_o_n __ f_la_r_b_o_r __ ~~--~------~~~ FOR Condenser Cooling 

WATER BODY TEMPERATURES .;.. WINTER AVG F SUMMER AVG - F AVG - F 

RIVER FLOW NA (cfs) avg. '''QUANTITY' OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 420 ,OOO (gpm) TEMPERATURE RISE 30 F 

'"HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS None 
~--------------------------~----------~----~-------------

()THER INFORMATION Cooling water discharged into ocean 4000 ft from shore. 

This project was deferred in November 1969, • 

. NUCLEAR SAFETY. INFORMATION CENTER 
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ENRICO FERMI, 50-341 (BWR) Page 1 

Project Name: Enrico Fermi Atomic Power Plant 112 Reactor!Enrico Fenni 112 

Location: Lagoona Beach, Monroe Co 
Owner: Detroit Bdison Company 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design. MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate,· lb/hr 
Coolant Pressure, 
.psig 
Heat Transfer 
Area, ft2 
Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-ft2 

MaximUl'[I Fuel Tempera-
".tu·re, OF 
·Average Fuel Rod 
Surface Temo °F 

MCHFR 

Total Peaking 
Factor 
Avg Power 
Kw/R, 

TX-4377 
(8-70) 

Density, 

3293 

1150 

3428 

14.16 x 

102.5 x 

1020 

66,100 

18.4 

425,000 

163,229 

4380 

558 

> 1.9 -
2.6 

50.8 

106 

106 

Mich. 
A-E: Detroit-Edison w/Sargent & Lundy 
Vessel Vendor: GE responsibility 
Docket ·No.: 50-341 
Containment Constructor:Ralph Parsons Co. 

resoonsibility 

·B. NUCLEAR 

H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -5.0 x lo- 5 
Cold, IJ.k/k/°F 
Moderator Temp Coef -17.0 x lo- 5 
Hot No Voids 
Moderator Void Coef -1.0 x 10 3 

Hot, No Voids, b.k/.k/% 
Moderator Void Coef -1.6 x lo-j 
Operating 
Doppler Coefficient, 

lo- 5 
Cold -1. 2 x 

Doppler Coefficient, 
.10-5 Hot, No Voids -1. 2 .x 

Doppler· Coefficient, 
10- 5 

Operating -:t. 3 x 

Initial··Enn.cnment, 
% 2.25 
Average Discnarge ~x- · 

19,2SO posure, MWD/Ton 
Core Average Void 
Within Assembly, % --
k eff' 

All Rods In 
--· 

keff' Max Rod Out 
> 0.99 

Control Rod Worth, O.OH>k w/r..od 
% worth minimizer 
Curtain Worth, 
% ---· 
Burnable Poisons, Flat Boron 
Tyoe and Fonn. SST Curtains 
Number of .Cqntrol · 

185 Rods; 
· Number of Part-Length None 

Rods (PLR) 

Compiled by: Fred A. Heddleson 
Date: July 1969 

.. 
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Page 2 IlW'R . 
Reactor: Enrico Fermi 112 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. -· 0;41 (F .1. 5-ld) Design Winds in mph: 

Low Population Zone Dist., Mi. - 0 .• 44 At 0 - 50 ft 80 
Metro2olis Distance Po2ulation 

50 - 150 ft -
Design Basis Earthquake 0.10 150 - 400 ft -
Accel. ~ g 

w/60 Tornado 300 tang trans 
Operating Basis·Earthquake 0.05 

. Accel., g t:,p = 3-psi/ 3- sec 

Earthquake Vertical .Shock, 70 
Is intent of 70 design criteria 

.% of Horizontal Satisfied? Yes, page F-1 

Peak Fuel Enthalpy on Rod Dro2: .360 cal/gm limit, but 280 is probable peak during 
operation (P3-72) •. 

i 

Recirculation PumEing S~s'tem & MCHFR: Maintains MCHFR between limits of 1.0 and 
1.9 (Sect. 3.7.6.1, 3.7.6.2). 

Protective Ststem: Initiates shutdown of reactor in time to prevent-fuel-clad 
damage following abnormal ·operati.onal transients. This system overrides all 
operator &.process controls. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Design 56 Prim Ctmt Leak 
0.5 Press, psig Rate, %/day 

Supprn Chamb Design 56 Second Ctmt Design 
0 .. 25 Press, psig Press, psig 

Cale Max Internal 45 Second Ctmt Le.ak 
100 

Press, psig Rate .• %/day 

Type of Construction: Pressure-suppression, with a steel drywell, spherical lower 
portion, and cylindrical upper section, all encased in reinforced concrete. Sup-
pression-pool torus is steel shel,l. Secondary containment has reinforced concrete 
walls up to· refueling floor, and steel construction above. 

Design Basis: To provi~e'the·capability, in case of LOCA resulting from ruptu.re of 
main. cool~nt line, to limit release of fission products so that radiation doses do 
not exceed values specified in lOCFRlOO. 

Vacuum Relief Ca2abilit~: Primary containment max, design vacuum - 2 psi. Drywell 
vacuum is relieved thru vacuum breakers with air from suppression ~hamber, it in 
turn drawing air from secondary containment. 

Post Construction Testing: Primary containment tested at .Ll.:> design press. arter 
construction. Penetrations and isolation valves given special tests. 

J?enetrations: Penetrations are both double and single. Not all are· individually 
testable. Electrical, personnel access, access.hatches, and bellows-sealed pene-
trations are testable. . 
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Page 3. BWR 

Reactor: Enrico Fenni #2 
DZ. EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling Sys tern: Two independent 100.%'-cap 'y pumps and piping sys terns 
can each deliver 6250 gpm @ 122 psid from suppression pool to a spray sparger 
above the core. System operates automatically on signals of low water level in 
reactor or high pressure in the drywell. One system can prevent clad melting 
for the max. sized break. 

Auto-Depressurization System: When feedwater pumps, RCICS, & HPCIS cannot maintain 
proper reactor water level, safety relief valves on steam lines open, venting steam 
to suppression pool so reactor is depressurized. LPCI & core spray systems then be 
gin operation. 

Residual-Heat-Removal System (RHRS): Sys·tem consists of 2 heat exchangers, 4 main 
pumps (3 of which supply 100% cap'y) & 4 service-water pumps. Four modes of opera
tion: (1) Shutdown cooling - water pumped from reactor thru heat exchangers for 
cooling & returned to reactor. Can complete cooldown to. 125F in 24 hr & maintain. 
(2) Containment cooling - water pumped from suppression pool thru heat exchangers & 
back to pool. Flow can be diverted thru drywell spray headers. Pool maintained at 
170F or below. (3) Condensing mode - steam removed from reactor & condensed in hea1 
exchangers. (4) LPCI mode - main pumps transfer water from suppresdion pool to re
actor to maintain core flooding sufficient to prevent fuel clad melting. 

~igh-Pressure Coolant-Injection System: One 100% cap y steam turbine ·ariven pump 
supplies 5000 gpm @ 1120 psid to feedwater piping system. Suction taken from 
125,000-gal condensate storage tank or suppression pool .. This system prevents fuel 
melting in the case of small line breaks. • 

Low-Pressure Coolant-Injection System:·· Four 1/3 cap pumps (10,,000 gpm @ 20 psid 
each) supply water to the reactor thru the jet pumps to flood the core when other 
systems cannot maintain flooding. LPCI operates from 0 to 300 psi taking.water frorr 
the suppression pool. This system is part of Residual Heat Removal Systems describ~ 
ed above. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant System: RHRS main pumps and service water pumps discharge lines 
are cross-connected for infinite supp.ly of water to flood reactor. 

Main-Steam-Line Flow Restrictors: Ventur-type flow restricto·r in each steam line 
close to the reactor limits steam flow in a ruptured lined. 

Control-Rod Velocity Limiters: Large-clearance piston on bottom of each control 
rod limits free-fall velocity to <5 ft/sec, .a value which cannot result in nuclear 
system process barrier damage. 

Control-Rod-Drive-Housing Supports: Horizontal beams below reac~or vessel are 
arranged to catch & stop CRD housing if one breaks and falls. About 2 in. travel 
is max. in hot condition. The 2-in. free fall cannot cause da~age to any radio
active-material bar.r.ier. 

Standby Liquid-Control System: Sodium pentaborate injected by manual initiation 
to shut down reactor or maintain it subcritical with all control rods pulled out. 
Two independent systems available, either of which can inject -0.176k reactivity 
worth in one hour (-0.126k required for shutdown). 
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Paoe 4 BWR 
Reactor: Enrico Fermi tl2 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

"Containment Atmospheric Control System: Not discussed. 

Reactor Core Isolation Cooling System (RCICS): Starts automatically on signal of 
reactor-vessel low-water l~vel to prevent' need for operation of any core-standby 
cooling system. Removes decay heat and provides makeup water into feedwater line 
if feedwater pumps are inoperative, and/or if isolation valves have closed, isolat
ing reactor-from main condenser heat sink. One steam-turbine-driven pump delivers 
616 gpm'from main condenser condensate storage tank, RHRS heat exchangers, or 
suppression pool, alloWing 8 hr of operation. 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak...:Detection Systems: Pump & valve seal-leakage and leakage 
from reactor-vessel head-flange gasket are measured and are identifiable. Other 
leakage to drywell sumps cannot be identified. 15 gpm leakage can be detected, and· 
50-gpm is to'tal leakage-rate limit_. Leakage. is detected by high-water alarms in 2 
.sumps, and by integrating £°actors such as ventilation cooling-water temperatures, 
dryweli temp., pressure & hum.idity, & starts & running times of sump pumps. 

Failed-Fuel Detection Systems: Four gamma monitors are located near the main 
steam lines just outside primary containment. They detect a gross release of 
fission products from the fuel. Signals generated by monitors can initiate.reactor 
scram and isolation of released material. 

Emergency Power: Four diesel generators can supply power for critical loads if 
normal power is lost. Three storage-battery systems will supply control & emergency 
power for control systems & power for some motors necessary for safe shutdown. Two 
of the 4 diesels ca~ supply the required ac power for shutdown. Max. power for 
critical loads estimated at 6523 HP. Diesels can be loaded in 10 sec. Fuel-oil 
storage provides 48 hr of operation, and delivery is possible in 24 hr. 

Rod-Block Monitor: To prevent fuel damage as a result of rod withdrawal error. 
Two RBM channels, either of which can initiate a rod block using s·ignals from LPRM 
channels. Because MCHFR cannot reach 1.0 until rod is half way withdrawn, the 
highest rod-block setpoint halts rod motion before local fuel damage can occur. 

Rod Worth Minimizer: A function of on-line computer which prevents rod with
drawal above 30% power conditions if that rod is not in accordance with pre-planned 
pattern. 
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Page 5, BWR 

Reactor: Enrico Fermi 112 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: There·is an on-site weather 
station that measures wind speed and direction. No seismographs mentioned. 

' 

Plant 0Eerating Mode: Load-following. 

Site Features: Generally low and marshy, ~artially wooded. Elevation is ~575 ft 
and will be filled to 583 ft in the immediate station area. Population in 10 mi 
radius is 52,000. 70% of Monro~ County land is used for farming. The area is one 
of most seismically stable in the USA. Cooling water will be taken from Lake Erie. 
Monroe municipal water intake from Lake Erie is about 2 miles from the site. 

Turbine Orientation: Centerline ~245 ft off reactor centerline. 

Emergency Plans: Detailed written procedures will cover all anticipated acd.-
~ents. Persoun~l will be ' trained and practiced. A unified site-emergency plan 
will be developed covering both .plants on the site using State. Police, Red Cross, 
~oast Guard, and University of Michigan Hospital. 

Environmental Monitoring Plans: Monitoring started in 1958, including, at 
present, sampling and analysis of air-borne particles, rain, river· water, tap water, 
sediment, and fish, plus beta-ganuna· ambient measurements. 

Stack Height: .100 meters. 

Radwaste Treatment: Lig,uid Waste - Collected and processed on batch basis for 
disposal with condenser effluent in circulating-water discharge canal. Batches with 
high radioactivity processed in waste concentrator, and concentrate sent to concen-
t:rated-waste storage tank. Valving-redundency instrumentation protects against 
accidental discharge. G.aseous Waste - Collected & treated i·f necessary to reduce 
radioactivity level to safe concentrations for release from stack. Off.-gases from 
main condenser held up for 30 min for decay & then released thru highly efficient 
filters. Solid Wastes - Collected, processed, & packaged for storage. After suf-
~iri--it rtar;:i.v n~~~~~~~ ~re shinned offsite for disoosal. 

Waste Heat System: A once-through system is employed using.Lake Erie water. 
Four pumps move 832,000 gpm thru condenser which has 7530 x 106 Btu/hr heat re-
~oval capacity. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Enrico-Fermi Atomic· Power 

Plant Unit 2 

THERMAL 

OUTPUT, MWt 3293 

TYPE or NUCLEAR 

STEAM SYSTEM BWR 

DOCKET.NO. 50-341 ------
----- ------

NEARBY BODY OF WATER Lake Erie ---------------
SIZE OF SITE en 925 ACRES 

NORMAL LEVEL 572' (MSL) 

MAX PROB FLOOD LEVEL 584' (MSL) 

SITE GRADE ELEVATION ~ 575' (MSL) 

TOPOGRAPHY OF SI'I'.E_F_l_a_t ___________________________ _ 

OF SURROUNDING AREA (5 .MI RAD) Flat to Rolling 
__________ ..._ _________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD ~967 (1980) IN. 5 MI RAD 30 ,432 (1980) 

NEAREST CITY OF 50,000 POPULATION __ D_e_t_r_o_i_t_,.._M_i_c_h_ig~an----------------

DISTANCE FROM SITE 25 M,ILES POPULATION l,493,00~ -BO) 

LAND USE IN 5 MILE RADIUS Agricultura1~10% 
__ ....._ ___________________________ __ 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed cycle using towers and pond 

WATER TAKEN FROM Lake Erie ----------------------- FOR Makeup 

WATER HODY TEMPERATURES - ~INTER AVG F SUMMER AVG - F AVG - F 

RIVER FLOW NA (cfs) avg. >'•QUANTITY OF MAKEUP WATER (gpm) 

'''TOTAL FLOW THROUGH CONDENSERS 837 ,000 (gpm) TEMPERATURE RISE - F 

*HEAT REMOVAL CAPACITY OF CONDENSERS 7,547 X lO~Btu/hr) *Per Unit 

COOLING TOWERS Two natural draft hyperbolic towers ""'350' dia X 450' high. 

OTHER INFORMATION Cooling towers will discharge into cooling pond which is 
--- .. S·n . 

se arated from the lake b a barrier beach. 

'-· ,_ 

·---. 

NUCLEAR SAFETY INFORMATION CENTER 
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INDIAN POINT, 50-342 & 50-343 (BWR) Page 1 

Project Name: Indian Point Nuclear Units 4&5 Reactor: Indian Point 4&5 
A-E: Consolidated Edison Co. 

Location: Westchester Co., New York Vessel Vendor: G.E. responsibility 
Owner: Consolidated Edison Co. of N.Y. Docket No.: 50-342, 50-343 
NSS Vendor: General Electric Containment Constructor: Consolidated 

Edison 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3293 H20/U02 Volume 241 
MWt Ratio 
Electrical Output, 1115 .Moder a tor Temp Coef -5.0 x 10-5 
MWe Cold, b.k/k/°F 
Total Heat Output for 3440 Moderator Temp Coef -39.0 x lo- 5 
Safetv Desi2n. MWt Hot. No Voids 
Steani Flow Rate, 14.17 x 106 Moderator Void Coef -Lo " lo- 3 
lb/hr Hot, No Voids, t.k/k/% 
Total Core Flow 102.5 x 106 Moderator Void Coef -1.6 x lo-3 
Rate, lb/hr Operating 
Coolant Pressure, 1020 Doppler Coefficient, -1.3 x 10-5 
psig Cold 
Heat Transfer 66,100 Doppler Coefficient, -1.2 x lo- 5 
Arca; ft 2 Hot, No Voids 
Max Power per Fuel 18.4 Doppler Coefficient, <-1. 3 x 10-5 
Rod Unit Lgth, kw/ft Operating - . ,~ ... 
Maximum Heat Flux, 425,000 Initial Enrichment, 2.2 
Btu/hr-f.t 2 % 
Average Heat Flux, 163,229 Average Discharge Ex- 19, 250 . 2 MWD/Ton Btu/hr-ft posure, 
Maximum Fuel Tempera- 4380 Core Average Voia ·-
ture, OF Within Assembly, % 
Average Fuel Rod 558 keff' All Rods In -
Surface Temp 0 .F 
MCHFR > 1.9 keff' Max Rod Out <0.99 -
Total Peaking 2.6 Control Rod Worth, "'°. 0 ltik 
Factor % 
Avg Power Density, 50.8 Curtain Worth, -
Kw/'l % 

Burnable Poisons, Flat, boron -

15. 7-1: 
Type and Form stainless steel 

Quote from p. 

"The inclusion in the design of ... cryo-
genie offgas system, double containment, 
and core standby cooling system pump 
rooms - features •.• not included before -
is in accordance with Consolidated 
Edison's continuing effort 
build and operate •.. without 
••• the public." 

TX-4377 
(8-'10) 

to design, 
endangering 

Number o~ Control 
RodG 185 

Number of Part-Length 
Rods (PLR) None 

. 

Compiled by: Fred A. Heddleson 
Date: Auoust lQf.Q 

: 
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Page 2 DWR . 
Reactor: Indian. Point 4&5 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. - 0.2 min to 0.8 pesign Winds in ESf 

Low Populati~n Zone Dist., Mi. 0.50(P2.3-'-.1 ) At 0 - 30 ft 15 100 mph max 
MetroEolis Distance Po12ulation 30 - 50 ft 18 sustained 
New York City 25 mi --- 50 - 100 ft 24 

·Design Basis Earthquake 100 - up 2·7 
0.15 

Accel., g 

:Operating Basis Earthquake 
Tornado - 300 mph tangential, w/60-mph 

0.10 translational 
-Acee!., g f:,p = psi/ sec 

Earthquake Vertical .Shock, 
, 

Is intent of 70 design criteria 70% 
% of Horizontal Satisfied? Yes, Section 15, p 15.7-1 
Peak Fuel Enthalpy on Rod Dro12: 360 cal/gm is high limit, but 280 is probable 

peak during operation (P 3.6-17). 

Recirculation Pum12ing S}'.stem & MCHFR: Core heat-transfer surface area and coolant 
flow rate are designed to ensure MCHFR to be not less than 1.9 at rated conditions 
(P 3.7-12). 

Protective System: Initiates rapid, automatic shutdown in time to prevent fuel-
cladding damage .following abnormal transients. Overrides all operator & process 
,.,,.... ..... t" ._"" 1 c:: 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 
~ 

·· Drywell Design 56 P.rim Ctmt Leak 1.0 ·Press, psig Rate, %/dav 
Supprn Chamb Design 56 Second Ctmt Design 10.0 
Press, psig Press, psig 
Cale Max Internal 45 Second Ctmt Le.a~ 1.0 
Press, psig Rate, %/day 

Ty12e of Construction: Primary containment is the light-bulb shape steel vessel 
'·ith steel torus. Secondary containment is reinforced concrete with. a leaktight 
~ teel liner cylindrical in shape with hemispherical top. 

Dasign Basis: Primary system to withstand· equipment failures including double-
ended break of largest pipe without loss of integrity. Primary and secondary 
L ..,r-.ainment shall prevent release of radioactive materials that exceed volume 

·limits cif lOCFRlOO. 

Vacuum Relief Ca12ab ili ty: Drywell and suppression chamber . des.igned for 2-psi 
vacuum. Vacuum-relief vents from secondary to primary containment,. or from·sup-
press ion chamber to drywell. Self-actuating vacuum breakers oper; at 1 psid. 

Post Construction Testing: Drywell and suppression chamber .at 125% design pres-
sure, then again at design pressure; secondary containment at 10 psig. Primary 
containment leakage-rate tests at 56 psig. Periodic leakage-rate tests will be 
performed during life of plant at a reduced pressure. 

f>enetrations: Some of both do.uble and single penetrations. Only those with resi-
lient seals or expansion bellows are individually testable. 
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P 3 BWR age 

Reactor: Indian Point 4&5 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Sera:l:'. Cooling S;):'.stem: Two independent loops, each having 2 pumps and 1 spray 
sparger above core. Design flow is 3125 gpm @ 122 psid, with water from suppressior 
pool. Low water level in reactor vessel or high pressure in drywell initiates 
system to prevent fuel-clad melting. Low-Pressure Coolant-Injection starts from 
same signals and operate!:i iu<lependently to ach:i.eve i;;ime objectives. 

Auto-DeEressurization S;):'.stem: When feedwater pumps, RCICS, and HPCIS cannot main-
tain proper reactor water level, safety relief valves on steam lines open, venting 
steam to suppression pool so the reactor is depressurized. The LPCI and core spray 
systems then begin operation. 

Residual-Heat-Removal System (RHRS): System consists of 2 heat exchangers, 4 main 
pumps (1/3 cap each) & 3 service-water pumps arranged into 2 cross-connected loops. 
Four modes of operation: (1) Shutdown cooling - water pumped from reactor thru 
heat exchangers for cooling & returned to reactor, cool down to 125F in 20 hr & 
maintain. (2) Containment cooling - water pumped from suppression pool thru heat 
exchangers & back to pool to keep pool at 170F or below. (3) Condensing mode -
steam removed from reactor and condensed in heat exchangers. (4) LPCI mode -
water pumped from suppression pool to reactor for core flooding sufficient to pre-
vent fuel clad melting, "-30,000 gpm @ 20 psid. 

.lligh-Pressµre Coolant-Injection S:l:'.stem: One 100%-cap'y steam turbine-driven 
constant-flow pump supplies 5000 gpm @ 1180 psia to feedwater piping system 
(suction taken from 125,000-gal condensate storage tank or suppression pool) _ ·• 
to limit fuel melting for small line breaks where depressurizing does not "' 

occur. Starts on reactor low-water level or high drywell pressure. 

~ow-Pressure Coolant-Injection S;):'.stem: Part of the Residual Heat Removal System 
and uses 3 of 4 pumps (1/3 cap each) to pump water into reactor at lower pressures 
(0 to 300 psid). Water is taken from the suppression pool. Pump cap is 10,000 
gpm @ 20 psid. 

E. OTHER SAFETY-RELATED FEATURES 

Standb;):'. Coolant S;):'.stem: Service water used to cool Residual-Heat-Removal heat 
exchangers. However, no reference found indicating a connec·tion of service water 
into RHRS piping for unlimited cooling water supply. 

Main-Steam-Line Flow Restrictors: Venturi-type restrictor in each line limit loss 
of water from reactor vessel in case of line rupture, or steam flow in severed line 
restricted to <200% of rated flow. 

Control-Rod Velocit;):'. Limiters: Large-clearance piston on bottom of each control 
rod limits drop-out velocity to <5 ft/sec. Velocity of rod insertion is not af-
fected. This feature protects against a high reactivity rate of change in the 
event of a control-rod-drop accident. 

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

Standb:l:'. Li9uid-Control sistem: A redundant system for reactivity control used 
when control rods cannot shut down reactor. By manual initiation," sodium penta-
borate solution is pumped into the bottom of the reactor. About 1 hr required for• 
complete injection. System can be used to maintain shutdown if required. 
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p 4 a2e • BWR 
Reactor: Indian Point 4&5 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmos2heric Control S:istem: Cqntainrnent inerting is unwarranted. 
"Hydrogen is not a safety problem (P 5.9-1). 

Reactor Core Isolation Cooling S:istem (RCICS): Starts automatically on signal of 
reactor-vessel low-water level to prevent need for operation of any core-standby 
cpoling system. Can also be started manually. Removes decay heat and ·provides 
makeup water into feedwater line if feedwater pumps are inoperative, and/or if 
isolation valves have closed, isolating reactor from main condenser heat sink. One 
steam-turbine-driven pump delivers 616 gpm from main condenser condensate storage 
tank, RHRS heat exchangers, or suppression pool, allowing 8 hr of operation. 

Reactor Vessel Failure: Not discusse<;l. 
Missile & Reactor Forces -

Core Cooling Ca2ability -

Containment Floodabili t:t: -

Reactor-Coolant Leak-Detection Systems: Pump & valve seal-leakage in primary con-
tainment and leakage from reactor-vessel head-flange gasket are measured and are 
identifiable. Other leakage to drywell sumps cannot be identified. 15 gpm is 
·limit for u~identified, and 50 gpm is total leakage-rate limit. Leakage is dett:..:te< 
by high-water alarms in 2 sumps, and by the flow recorder, which- plots time versus 
discharge flow rates. 

--Failed-Fuel Detection S:istems: Four gamma-radiation monitors located near steam 
lines just outside primary containment designed to detect release of fission pro-
ducts from the fuel. High radiation initiates scram and system isolation. 

Emergenc:i Power: Four 3000-kw diesel-generators are provided, 3 of which will be 
adequate to start and ' carry. ,all essential loads. These units and their switch 
gear are sepai:ated. and_ indepE;ndent. A supply of fuel will be maintained for 6 days 
of continuous operation. 

Rod-Block Monitor: To prevent fuel damage as a result of ·r.od-withdrawal error. 
Monitor bypassed at >30% power. Two RBM channels, either of which can initiate a 
rod block using signals from LPRM channels. Because MCHFR cannot reach 1.0 until 
rod· is halfway withdrawn, the highest rod-block setpoint halts rod motion before 
local fuel damage can occur. 

Rod Worth Minimizer: Op-line computer prevents rod withdrawal at low power if 
rod being withdrawn is not in accordance with planned pattern, thus limiting reacti-
vity worth of rods by enforcing adherence to planned pattern. 



179 

Page 5, BWR 

Reactor: Indian Point 4&5 

F. MISCELLANEOUS 

WindsEeed 2 Direction Recorders, and Seismo~raEhs: Anemometers and temperature 
instruments located on three towers in N-S line. Max distance covered is 4 1/2 
miles. No seismographs mentioned. 

Plant 0Eerating Mode: Load-following. 

Site Features: 23 miles north or N.Y. City boundary, 1500 meters south of Indian 
Point 1. Site is flat, with adjacent areas hilly. Adjacent to liudson River. 
Surrounding land usage mostly residential. In 1975, 420 people will live within 
1/2 mile of the plant, 21,800 within a 2 mile radius, and 100,000 people within a 
5 mile radius. The size of the site is 130 acres. ·' .. . 

Turbine Orientation: Condenser tubes perpendicular to turbine axis. 

Emergency Plans: Emergency procedures for Indian Point 1 will be followed along 
with others developed for this plant. Meetings with local public agencies have 
;Deen held and will continue to be held to promote cooperation. Internal practices 
\Vill he held to train personnel. Arrangements have been made for the assistance of 
N.Y. University Hospital and Peekskill Hospital. 

~nvironmental Monitoring Plans: Detailed meteorology data has been collected for 
a long time. Environmental monitoring began in 1958 to sample air, water, and 
soil, including radioactivity measurements in fresh water, river water, river sedi-
ment, fish, aquatic vegetation, vegetation, soil, and air in the vicinity of the 
site. 

Radwaste Treatment: The liquid waste system collects, processes a;-.d either re-
turns to process system or discharges to river within 10CFR20 limits. The solid 
waste system coll~cts solid wastes which are stored, processed, and packaged for 
off-site disposal. The gasP.m1s wai ta eye tern us.es c1:yug~nics for removal, contain-
ment, and safe release of radioactive gases present in main condenser air ejector 
exhaust. Steam will dilute the gases to below combustible limit of hydrogen ("-4%). 

Stack Height -

Waste Heat System: Circulating water system is now set up as a once-thru syster:i 

taking water from the Hudson River and returning it there. Condenser flow per 
nuclear uni. t is 858,000 gpm Willi 16.8 F temp rise. Heat removal capacity of con-

denser is 7214 x 106 Btu/hr. Thermal studies are being conducted to determine if 
once·-thru system will meet New York State <equirements. 
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& SIT).!: FEATURES 
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RI:ACTOR NAME Indian Point Nuclear 

Generating Units II & 5 

. THERMAL 

OUTPUT, MWt 3293 

TYPE OF NU°CLEAR 

STEAM SYSTEM BWa 

DOCKET NO • 50-342 ------
50-343 ------

NEARBY BODY OF WATER Hudson River UORHAL LEVEL 0 (MSL) ----
MAX PROB FLOOD 1£VEL 14.5' (MSL) 

SIZE OF SITE 130 ACRES SITE GRADE ELEVATION 15' ( MSL) 

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

---~--------------------
TOT AL PERMANENT POPULATION IN 2 MI RAD 21, 700 (1975) IN 5 MI RAD 99 1 000 (1975) 

NEAREST CITY. OF 50 1 000 POPULATION White Plains, New York 

DISTANCE FROM SITE 17 MILES POPULATIO!i 50 1 000 (1960 ) 

LAND USE IN 5 MILE RADIUS Residential and Recreational 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through using a quarry 

WATER TAKEN FROM Hudson River FOR Condenser cooling ----------------------WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F --- ----
RI VER FLOW ,., (cfs) avg. tQUANTITY OF MAKEUP WATER (gpm) 

tTOTAL FLOW THROUGH CONDENSERS 858 ,000 (gpm) TEMPERATURE RISE· H;. 8 F 
tPer U~ tHEAT REMOVAL CAPACITY OF CONDENSERS 7 ,2111 X 106 (Btu/hr) 

COOLING TOWERS None •':so ;000 ,ooo gpm max tidal flow - runoff avg 4, 710 ,OOO 

OTHER INFORMATION Cooling water flows through the quarry and back into the 
______________________________ .._ __________ __ 

...;,:Hau~ds~o~n~R~i~v~e•r~·~-----------------------------------.... ---------~·=,~-----~ 

NUCLEAR SAFETY INFORMATION CENTER 
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TROJAN, 50-344 (PWR) Page 1 

Project· Name: Trojan Nuclear Plant Reactor: Trojan 
A-E: Bechtel Cor.poration 

Location: Columbia Co. , Oregon* Vessel Vendor: Westinghouse responsibility 
Owner: Portland Gen. Elec. Co. Docket No.: 50-344 
NSS Vendor: Westinghouse Containment Constructor: Bechtel respons. 

*30 mi north of Portland 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3423 (P 1.1-1) H20/U, 
3411 (T 1. 3-1) 3.48. MWt Cold 

Electrical Output, 1151 Avg 1st-Cycle 14,800 
MWe Burnup, MWD/MTU -
Tota.l Heat Output for 

3570 
First Core Avg 24,200 

Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

11,640 x 106 Maximum Burnup,NWLJ/NiU 33,000 
Btu/hr (Design Equilibrium) 
System Pressure, 

2250 
Region-1 2.04 

psia Enrichment, % 
LJl~D1', 

1.89 
Region-2 2.58 

Nominal Enrichment, % 
Tota.l F.low rate, 132.7 x 106 Region-J 3.20 
lb/hr Enrichment, % 
Eff F.lowrate for 

126.5 x 106 keff• Cold, No 1.225 
Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 

51.4 keff• Hot, Full Power 1.148 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 

15.5 
Total Rod 7 

Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 

2.47 x 106 Shutdown Boron, No 1420 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 

552.5 
Shutdown Boron, No 1420 

Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 

67.1 
Boron Worth, Hot, 85 

Core, OF % 6k/k/ppm 
Norn Hot Channel 647 Boron Worth, Co.id, 70 
Outlet Temp, OF % 6k/k/ppm 
Avg Film Coeff, 

5770 
Full Power Moderator +0.04 to -3.0)>< 

Btu/hr ft 2, OF Temp Coeff, llk/k/°F 1 n-1+ 
Avg Film Temp 

37.7 Moderator Press -0.4 to +3.0) x 
Diff, Op Coeff, Clk/k/psi 1n-6 
Active Heat Trans 

52,200 
Moderator Void Coeff 

+o.~ to -2.5x10-~ Surf Area, ft: 6k/k./?~ Void 
Avg Heat Flilx, 

217,200 
Doppler Coefficient, 

(-1.0 to -2.0)lo-S Btu/hr ft 2 llk/k/°F 
Max Heat Flux 

579,600 
Shutdown ~argin, Hot 1.0 to 1.6 

Btu/hr ft 2 One Rod Stuck. % 6k/k (p 3.1.3-2) 
Avg Thermal 

7.0 
Burnable Poisons, Borosilicate glass 

Output, kw/ft Type and Form 'n S S tubes 
Max Thermal 

18.8 
Number of Control 

Output, kw/ft Roda lOGO + PLR 
Max Clad Sur-

657 
Number of Part-Length 160 face Temp, OF Rods (PLR) 

No, Coolant 
.4 Loops 

Compiled By: Fred A. Heddleson · 
Date: September 1969 
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Reactor: Trojan 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.41 rad Design Winds in mEh: 

Low Population Zone Dist., Mi. 2. 5 (Radius At 0 - 30 ft elev - 105 

MetroEolis Distanc·e .PoEulation (ASCE Paper 3269) 
Portland 31 377,800(80) 

Design Basis Earthquake 
0.25 Accel., g 

Operating Basis Earthquake 
0.15 Tornado - ---

. Accel., G 

_Earthquake Vertical Shock, 
66 fj,p = -- psi/ -- sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes 

D. ENGINEERED SAFETY FEATURES 
--

Dl. CONTAINMENT 

Design Press, Calculate<l Max ' 
60 53 

· psig Internal Press, psig 
Max Leak·Rate at 0.2 

'Design Press, %/day 

Type of Construction: Reinforced concrete, cylindrical· walls with hemispherical 
roof and flat foundation slab. Cylindrical section prestressed by a two-way post-
tensioning system. Roof dome has two-way post-tensioni?g system. Inside face of 
concrete shell is steel-lined. 

Design Basil:;: Designed for all credible conditions of loading, including LOCA, 
earthquake, Stormi;, and LOCA coincident with earthquake·, such that structure will 
maintain integrity under th~ conditions named. 

VaculDll Relief CaEabiliti: Vacuum breakers are not required (P 5.1-6). 

.Post-Construction Testing: Leak rate test at 60 psig for 24 hr (P 5.1-74). I 

Continuous leakage monitoring system is unnecessary and not provided. 

. l:'enetrations: .IHectrical. penetrations are double seal.eel. All. other penetrations 
are single. Electrical penetra tio.ns are the only ones individually testable. None 
have water seal backup. 

Weld Channels: Some·installed in base slab liner (P 5.1-74). Pressurized for 
testing. 
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Pa2e 3 PWR . -
Reactor:Truja11 

02. CONTAINMENT SAFETY FEATURES 

Containment SEral Slstem: There are 2 in<lepen<lent systems each ltav:i111: two pumps·, 
one spray header, spray nozzles, and nec.:essary piping. The sod i u111 hy<l roxi<ll' a<l-
ditive tank is common to both. Each system is <lesig.ne<l to spray approx lma tl! ly 
2600 gpm of borated water into the containment ;itmospltcru to coo I , reduc.:e prcs:;ure, 
and wash out iodine, removing 225>< 10C IHu/hr of he<.1t. Two sets "r 2-out-of-4 
h"igh-high containment pressure signa·b ini.tiate startup. 

Containment Cooling: Four air coolers, each capable of J.6~10~ J:tu/hr hl·at l'.'l:-

moval use 95 F component cooling water c.:irculatcd th rough .coils. Three unl t~· 
operate to maintain 120 F or lower temperature. 

Containment Isolation S:tstem: Provides do uh le barriers to release () f actlvi ty 
·outside of containment by use of two isolation valves on penet.raL lng lines. Valves 
close automatically or manually. Safety injection initiation or high radiation ln 
containment signals closure of all valves except those required for operation of 
engineered safety features. 

Containment Air Filtration:Exhausted through high effici.enc:y particulate! f:ll.L(:rfl 
to the central exhaust plenum and then to tl1e vent stack (P y. 7. 2·-4) . 

Penetration Room:· Yes, Electrical Penetration Area and Piping l'enetrations Area 
provided. These are two separate rooms. 

Organic-Iodide Filter: Not discussed. 

~_):'drogen Recomhi.ner: Total metal-water reaction in core will be limited to less 
than 1%. Hydrogen recombiner not discussed. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks, each with 6350 gallons of horated water, are 
maintained at 650 psig hy nitrogen over-pressure. When reactor system prcsfltJre 
drops below accumulator pressure, 2 check valvt!1:1 open to <lump water into the 4 
cold legs of the reactor vessel. 

H:lgh-head Saf et;t Injection: Two centrifugal charging pumps. driven by elec.:trlc 
·motors deliver 150 gpm each of borated water at 2800 psig from the refueling-
water storage tank. Eicher pump and piping system can supply 100/.'. <le!:I i gn capacity 
to recharge for small leaks. Safety-injection pumps (2) are aval I.able to pump 
borated water into the system at 1700· psig with 400 gpm each. 

Low-head Safetl Injection: Performed by residual-heat-re111oval pumpH (Pf>.1-7), 
which inject 3000 gpm of borated water at 600 p!:lig. Normal ope1·;it.lng pressure at 
shutoff. is 170 psig. 
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Reactor: Trojan 
E •. OTHER SAFETY~RELATED FEATURES 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment FloodabilitX -

Reactor-Coolant Leak~Detection sxstems: Containment air is monitored continuously 
for· changes in.air activity and humidity, 'including air-particulate activity, 
radiogas activity, and humidity. Gross leakage is indicated by liquid inventory .. 
Total expected leakage from ·all sources will be about 1800 cc/hr to the atmosphere 
and 50 cc/hr to the sump tank. However, sump pumps have a capacity of 50 gpm and 
discharge to waste-holdup tanks. 

Failed-Fuel-Detection sxstems: Not discussed. 

Emergencx Power: Two diese-engine generators and two 125-v de station batte.ries 
furnish emergency power. One diesel generator has capacity to carry. all 
'engineered-safety-feature loads. Emergency generators will be ready to start 
loading 10 sec.after the starting signal.is received, with full load applied 30 
se.c after signal. Diesel generators are isol·ated and separated by walls·. Fuel 
supply is available for 1 day of full-load operation plus 6·days of hot-shutdown 
operation. 

Control· of Axial Xenon Oscillations: 
Burnable Shims - Borosilicate glass in S.S., plus soluble boron in reactor 

coolant, 

Part-Length Control Rods - Yes; 160 rods in 8 assemblies. 

In-Core Instrumentation - Yes, to periodically calibrate and verify out-of-
core instrumentation. 

Unbora ted Water Control: Boric acid is pumped from boric tanks by one of. two 
boric acid transfer pumps to the suction of one of three charging pumps which in-
ject boric acid into reactor coolant. ·Boric acid can be inj.ected at a rate which 
takes plant to 1% shutdown in hot condition with no rods inserted in less than 16 
min. Safeguards to prevent dilution of borated water by unborated water were not 
discussed. 

Long-Term Cooling - Internal or External Sxstems: Residu~l-heat-removal pumps and 
heat exchangers provide long~term internal .cooling of core. Two pumps can circu-
late 3000 gpm each at 600 psig. 
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Reactor: ·Tro]an 

F. MISCELLANEOUS 

. Windspeed, Direction Recorders, and Seismographs: On-site measurements will be ob
tained to confirm data taken at Kelso (6 mi) and Portland (3l·mi). No seismo
gr~phs mentioned. 

·Plant Operating Mode: Load following when output is approximately 15% of nominal 
power and higher. 

S~te Features: Located on the Columbia River with site grade 45 to 90 ft. Valley 
. width ~2.mi. Surrounding area is hilly. Columbia River is deep-sea access to 

Portland. US highway Rt. 30 passes within 2800 ft of reactor, and a railroad 
right-of-way is within 600 ft. Site consists of ~625 acres. Closest town is 

·Prescott, 1/2 mile north of site. Within 5-mi radius, population is under 2000. 
Major portion of surrounding area is. federally controlled forests. Highest 
structure on the site will be a 492-ft ·high cooling tower: 

Turbine Or~-~~tation: Turbine centerline is about 180 ft off centerline of reactor 
Turbine blades could be thrown tangentially toward containment. 

. ~ .. 
Emergency Plans: A site-emergency plan will be prepared which describes appropri
ate action within the ·plant to limit consequences of an incident. Liaison will be 
established with federal, state, and local agencies responsible !or public safety. 
Off-site surveillance will be organized which can assess extent and significance 
of radioactive releases. All of· plant staff will have specific puties assigned to 
them in the plan. 
Environmental Monitoring Plans: The surveillance program of Hanford.operations 

.will be used for records on the past, An environment-monitoring program for the 
site will be started 2 years before plant operation. Media samples will be ground 
water, surface water, air particulates, soil, crops, milk, fish, shell-fish, and 
river-bottom sediment. Analysis will include. alpha, beta, K-40, gamma spectral 
analysis, as well as specific nuclide identification. 

~adwaste Treatment: Treatment systems designed to· collect, store, process, and 
monitor solid, liquid, and gaseous wastes. Syste'ins peciit .. controlled release: 
of liquid and gaseous wastes within limits of 10CFR20. Fission products removed 
from reactor coolant by decay, processiug, or bleeding to waste-di~posal system. 
Gaseous fission products removed in gas stripper, Liq111.d wastes arc collected, 
processeJ, analyzed, and released to cooling-tower outfall at a controlled re
lease rate. Gaseous wastes are discharged through high.-effi_ciency filters. or 
are.collected, compressed, stored for decay, and later released at a controlled 
rate. Solid wastes are packaged, stor~d, and shipped off-site for burial. 

Stack Height: Steel stack vents just above cont.ain,ment roof. 

Waste Heat System: 350,000 gpm total flow thru a closed loop system using a 
hyperbolic cool.ing tower, Makeup water will be taken from the Columbia River. 
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REACTOR NAME Trojan Nuclear Plant 

Page 6 

THERMAL 

OUTPUT, MWt 3423 

TYPE OF NUCLEAR 

STEAM SYSTEM PWR 

DOCKET No. ___ 5_b_-_3_4_4_ 

------
NEARBY BODY OF WATER Columbia River NORMAL LEVEL __ o __ ( MSL) 

MAX PROB FLOOD LEVEL 411 1 (MSL) 

SIZE OF SITE 623 ACRES SITE GRADE ELEVATION 115 1 (MSL) 

TOPOGRAPHY OF SITE __ F_l_a_t_t_o_R_o_l_l_i_n.g.._ ________ -------------

OF SURROUNDING AREA ( 5 Ml RAD ) __ H_i_l.,.ly_t_o_l1_o_·u_n_,t..,a..,i.-n ... ou ... s.._ ___________ .,....._ 

TOTAL PERMANENT.POPULATION IN 2 MI RAD 541 (1980) IN 5 MI RAD 7,445 (1980) 

. NEAREST CITY OF 50 1 000 POPULATI~N __ P_or ... t_· 1_a_n_d_.1..._o_r_e_g_on _____________ _ 

DIST~CE FROM SITE 31 MILES POPULATION 377,800 (1968) 

LAND USE IN S MILE RA'DIUS y/ooded 
_....,,.....,.__ _____________________ ___ 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM __ c_1o_s_e_d_1_o_o_p_u_s_in_g_c_o_o_1_i_n_g_t_o_we_r_ 

WATER TAKEN FROM Columbia River FOR_..M,..ak,..e,..u,..p _____ _ 

WATER BODY TEMPERATURES• - WINTER AVG - F SUMMER AVG - F AVG - F 

RivER FLOW 430,QOO(cfs) avg. 

'''TOTAL FLOW THROUGH CONDENSERS 

--- ---- ---
*QUANTITY OF MAJ<EUP WATER 11255ggo (gpm) 

350 1 000 (gpm). TEMPERATURE RISE 45 F 

•''HEAT REMOVAL CAPACITY OF CONDENSERS ______ (Btu/hr) *Per Unit 

COOLING TOWERS One natural-draft hyperbolic variable~cycle tower 492' high. 

NUCLEAR SAFETY INFORMATION CENTER 
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DAVIS-BESSE, ·50-346 (PWR) Page 1 

Project Name: Davis-Besse Nuclear Reactor: Davis-Besse 
Power Station A-E: Bechtel 

Location: Ottawa Co., Ohio* Vessel Vendor: B&W 
Owner: Toledo Edison & Cleveland Elec.IllDocket No.: 50-346 
NS.S Vendor: Babcock & Wilcox Co. Containment Constructor: Bechtel 

* of Toledo 21 mi. E. 

A. THER.'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2,633 H20/U, 2.85 MWt Cold 
Electrical Output, 

872 
Avg 1st-Cycle 13,686 

MWe Burnuo MWD/MTU 
Total Heat Output for 2772 First Core Avg --
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 8,987 x 106 Maximum Burnup, MWD/MTU 55,000 
Btu/hr (Design, p 3-1) 
System Pressure, 2,200 Region-1 2.32 
psia Enrichment, % 
DNJ:H<., 1.92 Region 2 2 .. 32 
Nominal Enrichment, % 
Total Flow rate, 

131. 32 x 106 Regi on-J. 2.68 
lb/hr. Enrichment, % 
Err Flowrate tor 124 x 106 keff, Cold, No 1. 276 
Heat Trans lh/hr Power, Clean. 
Ef f Flow Area for 49 .19 
Heat Trans, fe 

keff • Hot, Full Power 1.088 
Xe and Sm 

Avg Vel Along 15.7 Total· Rod 8.0 
Fuel Rods, ft/sec Worth, % 
Avg Mass. Vel.ocity 2.52 Shutdown Buron, No 1316 
lb/hr.;...ft 2 Rods, Clean, Cold, ppm 
Nominal Core 557 Shutdown Boron, No 1284 
Inlet Temp, op Rods, Clean, Hot,· ppm 
Avg Rise in 52.9 'Boron Worth, Hot, 1/100 
Core, OF % tlk/k/ppm 
Norn Hot Channel 648.8 Boron Worth, Cold, 1/75 
Outlet Temp, OF % tlk/k/ppm . 
Avg Film Coeff, 5000 Full Power Moderator 0 to -3.0xl0-4 

Btu/hr ft 2 , °F Temp Coeff, 6k/k/°F 
Avg Film Temp 31 Moderator Press +4xlO 7 to 
Diff, OF Coeff, tlk/k/psi +3.0xl0-6 
Active Heat· Trans 49, 734 Moderator Void Coeff -t1.ux.Lu- .. to 
Surf Area, ft 2 tlk/k/% Void +3.0xl0- 3 

Avg HE:!at Flux, 175,810 Doppler Coefficient, (-1.1 to 1. 7)10-S 
Btu/hr ft 2 tlk/k/°F 
Max Heat Flux 538,730 Shutdown !1argin, Hot 1.0 
Btu/hr ft 2 One Rod Stuck % tik/k 
Avg Thermal 5.8 Burnable Poisons, AR.203B4C in 
.Output, kw/ft Type and Form Zircalov-4 
Max Thermal 17.8 Number of Control 

784 Output·, kw/fl Rods 
Max Clad Sur- 650 Number of Part-Length 

128 face Temp, OF Rou:; (PLR) 
No. Coolant 2 
Loops 

Compiled By: Fred A. Heddleson 
Date: ·September 1969 

~ 
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Pao,. 2. PWR 
Reactor: Davis-Besse 

c. SAFETY-RELATED DESIGN CRITERIA 

~xclusion Distance, Mi. 0.45 rad_ Design Winds in I?Sf: 

Low Population Zone Dist., Mi. 2.0 0-- 30 25 Natural-Bureau of· 

MetroEolis Distance PoEulation ·30-- so 30 Standards 
recommendations 

Toledo, Ohio 20 429,000(80) 50--100 40 
Design Basis ·Earthquake 100--500 45 
Accel., g 0.15 

Tornado 300 mph 
Opera.ting Basis Earthquake 

(p 2-18) Accel., G 0.06 

Earthquake Vertical Shock, 
.% of Horizontal 

Is intent of 70 ~esign Criteria satisfied? Yes 

' 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 
40 

Calculated Max 
36 (Fig. 14-49) .Psig Internal Press, psig 

Max Leak Rate at 
0.5 Design Press, %/day 

T:n~e of Construction: Free-standing steel containment vessel with cylindrical 
walls, hemispherical head and ellipsoidal bottom surrounded by reinforced-con-
crete· shield building. Except for concrete foundation, there will be no rigid 

·ties -between the two structures. 

·-D'es':i-i~ Basis: 
- ~ -- -

Protection of the 'public from cunsl:!queuceis of double-ended braak 
of largest ·reactor-coolant pipe., assuming. coolant loss from break. Also, pro-
tection from radiolpgical consequences of this assumed break. Containment sys-
tem along with enginee~ed safety features will ensure public exposure, in case 
of accident,· to be less than guidelines of lOCFRlOO. 

: 

·Vacuum Relief CaEabilitx: Max. external pressure di.rrerential a.l.lowea 1s u . .J4 psi.. 
Automatic vacuum relief provided by 2 vacuum breakers in series in·each of two . . 
lines connecting containment to annulus. One valve actuated-by differential pres-
sure signal independent of electrical power. Second valve is self-actuating (p 5-5 
Post Construction Testing: During and after construction, pressure tes tea at ::>, <+u, 

and 45 psig. Leakage-rate test at 40 psig after previous tests. Periodic leakage-
rate tests will be conduct'ed to verify leak tightness. 

t'enetrat1ons: Electrical and hot piping are double and ·individually testable. 
. Cold piping are single and not testable • Water seals are not used. 

. Weld Channels: None mentioned. 
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·Pa""e 3. PWR 

Reactor: Davis-Besse 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEra:z'. S:z'.stem: Two half-capacity pumps·, two half-capacity spray he~d-
ers, valves, piping, and instrumentation com.prise the system. High containment. 
pressure and emergency injection-actuation signal start the pumps , which take sue-
tion first from the borated-water storage tank and then the containment sump. 
Pumps deliver 1300 gpm each. 

Containment Cooling: Air recirculation cooling system consists of three fan-
cooler units. Each unit is a finned-tube cooling coil and a direct driven fan. 
Containment air maintained at maximum of 120 F during operation and a minimum of 
40 F during shutdown. In case of LOCA, any two units capable of cooling contain-' 
ment atmosphere to reduce the pressure. A purge system provides clean fresh air , 
to containment. 

Containment Isolation S:z'.stem: Leakage thru all penetrations not serving accident-
consequence-l.imiting systems minimized by double barriers in the form of isolation 
valves installed in pipes inside and outside containment wall. Isolation initiated 
on signal of hi pressure in containment. On loss of power, valves fail closed. 
Switches and position-indicating lights provided in control room. 

Containment Air Filtration: Space between containment shell and shield building 
and penetration rooms maintained at slight vacuum during accident conditions. Ex-
haust from these areas would be through HEPA and charcoal filters. Two completely 
indeoerident svstems (fans & filters) are available. one of whi.ch has 100% capacity. 

Penetration Room: 'l'here are several rooms at different levels. 

Organic-Iodide Filter: None mentioned. 

Hydrogen Recombiner: Since limited metal-water reaction is expected, recomb1ner 
not discussed. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks, each holding 7000 gal. of coolant, are pressurized 
with nitrogen to 600 psig. Except during normal cooldown, when the pressure in the 
reactor system drops below 600 psig; check valves open to dump contents of tanks 
into the reactor vessel. The 14,000 gal. of coolant can completely cover the core 
even if all liquid is lost from the reactor vessel. 

High-head Safetl Injection: Provided by makeup and purification system to prevent 
uncovering core for small- and intermediate~sized pipe breaks. System designed to 
hold clad temperatures below 2300F. Source of water is borated-water storage tank .. 
Emergency injection will occur when system pressure reaches 1500 psig or a contain-
ment pressure of 4 psi during operation. Pumps will deliver about 400 gpm at 1600 
psi.. 

Low-head Safet:z'. Injection: This system starts when reactor pressure is about 135 
psi or containment pressure of 4 psi. Two pumps are available, one of which can 

. delive·r 3000 gpm of borated water at 100 psi. This system doubles as the decay-
heat-removal system. 



190 

Pa2e '. p 4 WR 

Reactor: Davis-Besse 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: Rupture is incredible (p 4 19). 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilit1 -

Reactor-Coolant Leak-Detection Sistems: Le~ka~e can be detected by: 
(1) Pressurizer makeup-water tank level deviation, 
(2) Increase in activity in containment, 
(3) Changes in building.humidity and water level in the sump. 

Failed-Fuel-Detection sistems: Not discussed. 

.. Emergenci Power: Two inqependent diesel-generators and their auxiliaries, in-
stalled in separate rooms, will (either one) supply power needs to operate engine-
ered safety .features. A supply of diesel oil for 10 days operation of both units 

· at half power will be provided. 

Contro.l of Axial Xenon Oscillations: 
Burnable Shims - Burnable poison rods and soluble boron in coolant. 

Part-Length Control Rods - Yes 

In-Core Instrumentation - Yes - one instrument position for each fuel 
assembly (177 total). 

Unborated Water Control: A series of check valves, automatic valveB, aud manual 
valves are arranged to prevent backf low of reactor coolant into the borated-water 
storage tank and boric acid addition tank. 

Long-Term Cooling - Internal or External S1stems: Decay~Heat-Removal System has 
two pumps and two ·decay-heat coolers. Reactor•coolant is circulated from one re-
actor outlet line thru the decay-heat ·coolers and back into the reactor vessel. 
Design flow, both pumps and coolers ope.rating, will lower reactor coolant temp 
from 280F to 140F in 14 hr. This same system is used for low-pressure injection 
in case of LOCA, and also ·to' maintain 140F or lower temp during refueling. 
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P 5 PWR 

Reactor: Davis-Besse 
F. MISCELLANEOUS 

.. Winds12eed, Direction Recorders, and Seismogra12hs: A 300-f t-high tower has col-
lected data since fall 1968. Wind speed, direction, and directional variation 
are recorded at three elevations. No seismographs menti6ned. 

Plant 012erating Mode: Load-following. 

S.ite Features: Located on south shore of Lake Erie about 16 ft ·above mean low 

water level. Surrounding area is flat. Site consists of about 900 acres. Eastern 

half of site is marshland, and western half· is farm land. Land use is agricultural 

.. with military installations and firing ranges. Two areas having summer cottages 

are within one mile of plant (summer and winter populations of 800 and 200 respec-

tively). 

Turbine Orientation: Turbine center-line is 220 ft east of containment center-
line; turbine could throw blades tangentially toward coula.i.um1:mt. 

Emergencl Plans: An emergency plan will be developed before operation. It will 
cover accidents such as fire, medical, injury, radiation and contamination, and 
pthers resulting.from operational malfunctions and natural disasters. Outside 
iagencies such as Ohio State Highway Patrol, U.S. Coast Guard, local authorities and 
the AEC, etc., will be called upon as needed. All station personnel will be 
familiar with orocedures. 

Environmental Monitoring Plans: A preoperational monitoring program will be 
~tarted at least 18 months before startup and will continue after startup. Col-
lected samples will be lake and well water, soil, air particulate, farm products, 

·lake biota, and bottom sediments. Air radiation dosimeters are planned for on-site 
and for nearby communities. 

Radwaste Treatment: Liguid waste is colle~ted and processed. Boric acid and de-
mineralized water is a by-product and will be saved. Liquid wastes remaining will 
~e released in batches, passing thru a monitor before release ·into circulating 
water outlet. Gaseous wastes will be compressed and stored for decay, retaining 
time up to 30 days. It will be released through high efficiency filters and dis-
charged to atmosphere. Solid wastes will be collected, packaged, and shipped off-
site for disposal. 

Stack Height -
Waste Heat Slstem: A closed-loop cooling system with 450-ft-high hyperbolic 
natural-draft wet cooling tower will be used. Makeup water will come from Lake 
Erie. Flm,r thru the condenocr will be 685,000 gpm with 18 F temp rice. 
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G. CIRCUL.·TlNG WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Davis-Besse Nuclear Power 

Station 

THERMAL TYPE OF NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 50-346 

OUTPUT, MWt -----2633 ------
NEARBY BODY OF WATER Lake Erie ---...---------- NORMAL LEVEL 

MAX PROB FLOOD LEVEL 

SIZE OF SITE 900 ACRES SITE GRADE ELEVATION 

TOPOGRAPHY Of SITE Flat 

------
570' (MSL) 

584' (MSL) 

583' (MSL) 

--------------------------------------0 F SURROUNDING AREA (5 MI RAD) Flat 
~----------------------------

TOTAL PERMANENT POPULATION IN 2 MI RAD 731 ( 19 80) IN 5 MI RAD 2328 (1980) 

NEAREST CITY OF 50
1
000 POPULATION __ T_o_le_d_o_,.._o_h_i_o _______________________ __ 

DISTANCE FROM SITE 20 MILES POPULATION 429,000 (1980) 

LAND USE IN 5 MILE RADIUS Agricultural-75%, with marshland around the site 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling tower 

WATER TAKEN FROM Lake Erie FOR_M_ak_e __ up ______ _ 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F 

RIVER FLOW NA (cfs·) avg. tQUANTITY OF MAKEUP WATER - (gpm) -------
tTOTAL FLOW THROUGH :.:vNDENSERS "' 685 ,000 (gpm) TEMPERATURE RISE '~ 18F 

tHEAT REMOVAL CAPACITY OF CONDENSERS - (Btu/hr) -------- tPer Unit 
COOLING TOWERS One natural-draft hyperbolic tower 450 1 high 

OTHER INFORMATION * Original proposal was for a once through system with flow 

and temperature rise as shown above, Flow through cooling tower not known. 

NUCLEAR SAFETY INFORMATION CENTER 

.. 
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FARLEY, 50-348 & 50-364 (PWR) Page 1 

Project Name: Joseph M. Farley N'uclear Plant, Reactor: Farley 
Units 1 & 2 ·A-E: Southern .services, Inc., & Bechtel 

Location: Rous ton Co. , Ala.* Vessel Vend.or: Westinghouse Responsibility 
Owner: Alabama Power Company Docket No.: 50-348 & 50-364 
NSS Vendor: Westinghouse Containment Cons t'ruc tor: Not yet 

. * 16.5 mi E. of Dothan determined . 

A. THER..'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2660 H20/U, 4.18 
MWt Cold 
Electrical Output, 861 Avg 1st-Cycle 13,500"' 
MWe Burnup MWD/MTU l ".I 100** 
Total Heat Output for 2774 First Core Avg 24,200* 
Safety Design, MWt Burnup, MWD/MTU 21 200** 
Total Heat Output, 9051 x 106 Maximum Burnup, MWD/MTI 32,500 Btu/hr (Design Eouilibrium) 
System Pressure, 2250 Region-! 

2.0 psia Enrichment, % 
DNBR, 1.85 Region-2 

2.6 Nominal Enrichment, % 
Total Flow rate, 100.7 x .106 Region-j 

3.2 lh/hr Enrichment, % 
Ett Flowrate for 92.6 x 106 keff, Cold, No 

1. 207 Heat Trans lb/hr Power, Clean 
Eff Flow Area for 41. 8 keff• Hot, Full Power 1.137* 
Heat Tr~n~, ft 2 Xe and Sm 1. 094** 

;. 

Avg Vel Along 14.2 Total Rod 
7 Fuel Rods, ft/sec Worth, % 

Avg Mass Velocity 2.30 )( 106 Shutdown Boron, No 1460 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 543.5 Shutdown Doron, No 1560 Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise in 70.2 Boron Worth, Hot 

1% 85 
Core, OF per ppm 

Norn Hot Channel 645 Boron Worth, Cold 
1% per 70 ppm 

Outlet Temp, OF 
Avg Film Coeff, 5370 Full Power Moderator 

0.3 to -3. 5) ?<10- 4 
B.tu/hr ft 2, °F Temp C.oeff, 6k/k/°F 
Avg Film Temp 

38.7 
Moder a tor Press 

-0.3 to 3.5)x10-6 
Diff, OF Coeff, 6k/k/psi 
Active Heat Trans 

42,4fi0 
Moderator Voi.d Coe ff +0.3'.i to -1.7) 

Surf Ar.ea, ft 2 6k/k/% Void x 10-3 
Avg Heat Flux, 

207,600 
Doppler Coefficient, -1.0 to -1.6) 

Btu/hr ft 2 6k/k/°F x 10-S 

Max Heat Flux 
579,600 

Shutdown :'1argin, Hot 
1.0 Btu/hr ft 2 One Rod Stuck.% 6k/k 

Avg Thermal 
6.7 

'.Burnable 'Poisons, Borosilicate glas 
Output, kw/ft Type and Form in SST tubes 
Max Thermal 

18.8 
Number of Control 45 x 20 = 900 Output, kw/ft Rods 

Max Clad Sur-
657 

Nwnber of 'Part-Length 8 x 20 - 160 face Temp, OF Rods (PLR) . 
No. Coolant 

3 * Table 1-1 
Loops ** Table 3-1 

Compiled By: Fred A. Heddleson 
'Date: November 1969 
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P<>no ?_ PWR 

Reactor: Farley 

c. .SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0. 78 Design Winds in mEh: 

Low Population Zone Dist., Mi. 2 At 0 - so ft elev llS 

MetroEolis Distance PoEulation so - lSO ft 140 
Albany., Ga. 60 6S,OOO (69) 
Design Basis Earthquake 0.10 lSO - 400 ft 170 
Accel., g 

Operating. Basis Earthquake o.os Tornado - 300 mph tangential, 
Accel., G 60 mph forward 
Earthquake Vertical Shock~ 

66% llP = psi/ sec 
% of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes '· 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, Calculated Max 
psig S4 Internal Press, psig 
Max Leak Rate at 
·Design ·Press, %/day 0.3 at 47.7 psig 

·T:tEe of Construction: Pres tressed concrete vertical cylindrical structure with 
shallow-domed roof and flat base. Interior will be lined with 1/4-in.-thick steel 
P.late. 

Design i:sasis: Dt!sl~w:d for all cr.,.r'lihlP r.onditiom; of loading, including normal 
loads, LOCA loads, test loads, and loads d~_ie to adverse environmental c6nci1t:iuns, 
meeting all these conditions and maintaining integrity against release of radio-
activity to the outside atmosphere in excess of allowable limits. 

Vacuum Relief CaEabilit:t: Designed for 2-psi different1.aT. Purge va.Lves ana 
vacuum breakers are not required (Sect. s.L2.9). 

Post-Construction Testing: Entire containment will be lie-IO at Tf5% aesign 
pressure for 1 hr. Leak-rate tests will be conducted at 100% of design pressure 
and at successively lower pressures. Postoperational leak-rate tests will be run 
at ·50% of peak LOCA pressure. 
' .l:'enetrat1ons: Single penetrations.- Electrical, personnel & equipment hatch, & re-
fueling tube are individually testable. No water seal backury. 

Weld Channels: Not mentioned. However, vacuum box will be used to·inspect welds 
with soap bubbles under 5-psi differential. 
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Paoe 3. PWR 

Reactor: Farl<~y 

D2. CONTAINMENT SAFETY FEATURES 

Containment S2ray System: Borated water mixed with 30% sodium hydroxide is sprayed 
into containment atmosphere to limit rise of te'mp. and press. followfog LOCA. Sys-
tern has capacity to maintain t.emp. and press: below design conditions even for 
double-ended ruptu.re of largest pipe .. Ha OH is for postaccident iodine control. 
Automatically initiated by coincidence of Safety Injection actuation and high con-
tainment press. Two pumps (1450 gpm at 470-ft head) take suction from refueling 
s_torag~ ·tank _or _from discharge. of ~R heat _e;x:changer. 

Containment Cooling: Four ·fan coil cooler uni.ts circulate ana coo+ tne cu.< "" 

temperature during operation is heid below 120F. Service water thru coils is 

heat-removal agent. Three units have capacity to maintain design temp. after 

LOCA. 

Containment Isolation System: Isolation valves are installed on all penetrations, 
·inside and outside containment shell, to provide double barriers to release of 

radioactivity. Safety injection signal causes nonessential process-line valves 

to close. Essential process-line valves close coincidentally with containment 

spray actuation. 

Containment Air Filtration: Air exhausted from penetration rooms can be passed 
thru particulate filters, absolute filters, and charcoal filters before discharge 
.to the vent stack. Air from ·Fuel-Handling Area, Radwaste Area, and containment 
onace nasses thru narticulate and absolute filters. 

Penetration Room: Yes. Leakage into penetration rooms is collected, filtered, 
and exhausted thru vent stack. 

·organic-Iodide Filter: No reference found in PSAR. 

Hydrogen Recombiner: No reference found in PSAR. 

D3. SAFETY INJECTION SYSTEMS 

_Accumulator Tanks: Three tanks discharge borated water independently into three 
coolant-system cold-legs when reactor pressure drops below 600 psig. Two check 
valves, in series, are the only moving parts. Each t:auk supplies 7000 gallon, 
14,000 gallon of which covers the core to limit fuel-rod-cladding temp. and to 
limit metal-water reaction. Tanks are pressurized with nitrogen. 

·-
High-head Safet;t Injection: Three high-head pumps (150 gpm- @ 2750 psig each) 

deliver borated water from refueling storage tank to the 3 hot-legs and 3 cold-legs 
of coolant loops. This system's purpose is to make up water lost by small breaks 

. to prevent depressurization. Pumps start on safety injection actuation signal . 

Luw-head Safet;t Injection: Two separate systems each with pump , piping, heat ex-
changer, and accessories. Each pump delivers 3750 gpm @ 600 psig to flQod core 
afr~r accumulators have perfurwed their function to make up water lost thru large 
break. Pumps first draw borated water from the refueling water storage tank for 
injection phase and then switch over to water in co11tainment sump for circulation 
phase. In circulation phase, water is cooled by residual-heat exchanger. 
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Paize 4. PWR 

Reactor: Farley 
E. OTHER SAFETY-RELATED FEATURES 

• Reactor Vessel Failure: Not discusi;ed . 
Mis.sile & Reactor Forces -

Core Cooling CaEabiliti -

' 

Containment Floodabiliti -

Reactor-Coolant Leak-Detection Sistems: By two radiation-sensitive instruments: 
.air-particulate monitor is the most sensitive, with the containment radio-gas 
monitor as backup. Also, by measuring the increased coolant makeup water and 
monitoring containment sump level. 

Failed-Fuel-Detection S:z:stems: No reference tound in t'::iAK. 

Emergenc:z:.Power: Power is available from startup auxiliary transformer as re-
·dundant off-site power. .Also two diesel gene,rators provide emergency power for 
engineered safety features and· essential auxiliaries. One unit can supply 
emergency power needs. Fuel oil is ,available for 48-hr operation at rated power. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Yes (chemical) 

Part-Length Control Rods - Yes 

In-Core Instrumentation - Yes, used periodically to calibrate and verify out-
of-·cour instruments. 

Unborated Water Control: Boric acid from boric acid tank is blended with reactor. 
makeup water in the blender and composition is· determined by preset flow rates of 
.boric acid-and reactor makeup water. Two separate operations are required. First, 
.operator must switch from automatic makeup mode to dilute mode. Second, start 
button must be depressed. Omitting either step would prevent dilution. So, 
possibility of adding unborated water is very small. 

Long-Term Cooling - Internal or External Systems: Long-term core cooling accompli~ 
shed by continued ·operation of low-head safety-injection pumps in the circulation 
phase (see D3); then operated as the.Residual-Heat-Removal System. This. system 
begins operai:ion when reactor coolant is 350F at 350 psig and operates 20 hr to 
reduce temp. to 140F. 
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Page 5 PWR 
' 

Reactor: Farley 
F. MISCELLANEOUS 

Windseeed, Direction Recorders, and Seismograehs: On-site meteorology program wil1 
start in 1970 or 71. Wind speed· and direction will be measured at 100 ft min. ht. 
No seismographs mentioned. 

Plant Oeerating Mode: Reactor power adjusted in response to turbine load. demand. 

SJ.te Features: Area is gently rolling, with site (155-ft gr. elev.) flat to roll-
ing and near the Chattachoochee River. Sparsely populated - nearest house is 4500 
ft from plant, and ~2300. residents in 5-mi radius. Land use is 50% farming and 50% 
forest, Private landing strip on site provided for plant personnel. Cooling 
towers will cool circulating water, and a reservoir will store makeup water pumped 
from river. Area has high incidence of tornadoes. 

Turbine Orientation: Turbine centerline is ~145 ft west of containment center-
line. Turhine blades could be thrown toward containment. 

Emergencl Plans: Course of action planned for on-site and off-site emergencies to 
safeguard plant personnel and the public in case of accidental release of activity. 
Plans stress good communication and liason among all involved, particularly 
Federal, State, and local agencies. An outline of authority and responsibility is 
presented, stating that all plant personnel will have specific duties. 

Environmental Monitoring Plans: Plans now being formulated for pre- artd post-
operational testing. Sampling stations will be located to measure representative 
natural radioactive backgrounds arid closer to the plant to measure effects of 
liquid and gaseous releases. Three levels of sampling activity are planned, and 
the actual level used will depend upon results found after the first year of post-
operational testing (Section 2.9). 

Radwaste Treatment: Designed to collect, store, p·rocess, and monitor solid, liquid . 
and gaseous. wastes; permitting controlled release of liquids and gases within 
limits of 1UCFR20. Liquid wastes collected in sumps and tanks Hr'?' identified ai1J 
activity measnr.ed, then proce~~~d as re qui red, ·and released thru a monitored line 
into water discharged from the plant. 

Waste gases are collected in vent header flowing from there to one of two gas com-
pressors which discharge to waste-gas-decay tank. Tank contents released to en-
virorunent in accordance with 10CFR20. 

Waste Heat S;):'.stem: Closed-loop system with 3 mechanical-draft cooii_ng towers. 
Water will be pumped from the Woodruff ReserVoir of the Chattahoochee River into 
a 1639 acre-feet storage pond. Water from this storage pond wi11 serve as make-
up supply for the system. River flow average is 10,600 cfs. 
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G. CIRCULATING WATER SYSTEM 
& S !TE FEATURES 

REACTOR NAME Joseph M. Farley Nuclear 

Plant, Units .. l & 2 

THERMAL TYPE OF NUCILAR DOCKET NO. 50-348 

OUTPUT, MWt 2660 STEAM SYSTEM PW!{ 50-364 

~EARBY BODY OF WATER Chattahoochee Rlver NORMAL LEVEL 76 I (MSL) 
Woodruff Reservoir MAX PROB FLOOD LEVEL 144 1 (MSL) 

SIZE OF SITE 800 ACRES SITE GRADE ELEVATION 155' (MSL) 

TOPOGRAPHY OF SITE~•F•l•a-t_t_o __ R•o•l•l•i•n•g"-----------------------------------------
OF SURROUNDING AREA. ( 5 MI RAD) __ .Ro.-1 .. 1.i.n.g.._ _________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 486 (1975) IN 5 MI RAD 2300 (1975) 
NEAREST CITY· OF 50,0QO POPULATION~_c_o_l_umb~u-s_,i....;G_e_o_r~g-i_a ________________________ ~ 

DISTANCE FROM SITE 87 MILES POPULATION 116,800 (1960) 

LAND USE IN 5 MILE RADIUS Agricultural and Wooded 

CIRCULATING· WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM Woodruff Reservoir FOR Makeup 

WATER BODY TEMPERATURES - WINTER AVG__::,__F SUMMER.AVG--=---F AVG~---F 

RIVER FLOW 10,600 (cfs) a.vg·. *QUANTITY OF MAKEUP WATER~._(gpm) 

•''TOTAL FLOW THROUGH CONDENSERS (gpm) TEMPERATURE RISE - F 

•~HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Uriit 

COOLING TOWERS. Three mechanical-draft towers with makeup from a 1639 acre-

· OTHER INFORMATION ___ fe_e_t __ s_t_o_r_.a .. g .. e_...p_o_n_d_. __ s_t_o_r_a .. g .. e_..p_o_n_d_s_u_.P.,.P._l_i_e_d __ f_r_o_m_r_e_s_e_r_v_o_i_r_._ 

'\ ~·, .... ,.·,, 
~,./~'P'/ ,,,../ 

NUCLEAR SAFETY INFORMATION CENTER 
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LIMERICK, 50-352 & 50-353 (BWR) Page 1 

Project Name: Limerick Generating 

Location: Montgomery Co. , Penn.* 
Owner: Philadelphia Electric 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 
3293 MWt 

-Electrical ·output, 1100 
MWe 
Total Heat Output for 

3440 Safetv Desiirn. MWt. 
Steam Flow Rate, 

14.156 lb/hr 
Total Core Flow 

106.S Rate, lb/hr 
x 

Coolant Pressure, 
1020 psig 

Heat Transfer 
66,100 Area, ft 2 

Max Power per Fuel 
18.35 Rod Unit Lgth, kw/ft 

Maximum Heat Flux, 
425,060 Btu/hr-ft 2 . 

Average Heat 
Btu/hr-f t 2 

Flux, 
163,230 

Maximum Fuel Tempera- 4430 
ture, OF 
Average Fuel Rod 560 
Surf ace Temp OF 
MCHER >1.9 

Total Peaking 2.6 
Factor 
Avg Power Density, so. 8 Kw/9., 

* 20 mi :t{W of Philadelphia 

.TX-4377 
(8-70) 

x 

Sta -

106 

106 

1 & 2 Reactor: Limerick 
A-E: Bechtel 
Vessel Vendor: Chicago Bridge & Iron 
Docket No.: 50-352, 50-353 
Containment Constr.uctor: Hechtel 

B. NUCLEAR 

H20/U02 Volume 
2.43 Ratio 

Moderator Temp Coef ---Cold, f>.k/k/°F 
Moderator Temp Coef ---Hot, No Voids 
Moderator Void Coef 

-1.0 10-3 
Roi:, 6k/k/% 

x 
No Voids, 

Moderator .Void t.oet -1. 7 x 10-3 
Operating 
Doppler Coefficient, -1.18 x 10-5 
Cold 
Doppler Coefficient, 

-1. 15 x 10-s 
Hot, No Voids 
Doppler Coefficient, 

-l.19 x 10-s 
Operating 
Initial Enr1chment, 

2.19 
% 
Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Void ---Within Assembly, % 

keff' All Rods In ---
k eff' Max Rod Out 

< 0.99 

Control Rod Worth, 0.012 max** Llk,,f'f' 
Curtain Worth, 0.012 % 
Burnable Poisons, 372 flat, boron-
Type and Form ss-curtains 
Number of Control 

185 cruciform Rods 
Number of Part-Length 

None mentioned Rods (PLR) 

** At rated power (Fig. 3.6-4); max 
possible rod worth is 0~38llk (page 
3.6-16). 

Compiled by: Fred Heddleson 
Date:: July 1970 
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Page 2 IlWR 
Reactor: Limerick 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.47 Design Winds in moh: 

Low Population Zone Dist., Mi. --- - 90 At 0 - 50 ft 
MetroEolis Distance PoEulation 
Reading, Pa. 20 107,800 (80) 50 - 150 ft - 105 

·Design Basis Earthquake 0.12 150 - 400 ft - 125 
Accel., g 

Tornado - 300 
Operating Basis Earthquake 0.06 
·Accel., g fj,p = 3 psi/ 3 sec 

Earthquake Vertie.al .Shock, 66 Is intent of 70 design criteria 
% of Horizontal Satisfied? Appendix H 

Peak Fuel Enthalpy on Rod DroE: The specified control-rod withdrawal sequences to 
·be used are designed to limit rod worth,. so that the drop of any control rod from 
the core to the oosition of its drive results in a oeak fuel enthalpy of not more 
Recirculation Pumping Slstem & MCHER: than 280 cal/ g. 
Pump speeds are adjusted to change coolant flow rate to accomplish load· following. 
MCHFR is effected by flow rate. 

Protective System: Initiates a rapid, automatic shutdown of reactor. Action taken 
in time to prevent excessive fuel cladding damage or process-barrier damage fol-
lowing abnormal operational transients. System overrides .all operator actions .and 
orocess controls. 

D. ENGINEERED SAFETY FEATURES 

DL CONTAINMENT (Ctmt) 

Drywell Design 
48 

Prim Ctmt Leak 
o.~ Press, psig Rate, %/day 

Supprn Chamb Design 
48 

Second Ctmt Design 0.25 
Press, psig Press, psig 
Cale Max Internal 38.2 Second Ctmt Leak 100· 
Press, psig Rate, %/day 

TyEe of Construction: The dryweJ.l is in the form of a truncated cone, & the 
cylindrical pressure-suppression chamber is immediately below. These two units 
comprise a structurally integrated reinforced-concrete pressure vessel, lined with 
welded steel plate. Drywell & supprn chamb separated by reinforced-cone floor. 

Design:Basis: Primary containment designed to withstand pressures ~ temp induced by 
rupture of reactor coolant system, up to and including a recirculation line - with-
out loss of integrity; namely, to withstand effects of metal-water reactions~ per-
mit total flooding, rapidly condense steam escaping from ruptured system, limit 
leakage of contaminants, an4 withstand jet forces and missiles. 

Vacuum Relief CaEabilitl: Primary containment is vented thru ventilation purge 
connections, which are normally closed when reactor temperature exceeds 212 F. 
System_designed for 2-psi vacuum differential. 

Post-Construction Testing: Before initial loading, containment wi.L.L oe t:est:ea at: 
1.15 design pressure (55). Pressure will then be reduced to calculated peak 
(38.2) to verify leakage-rate design. Integrity of containment will be tested 

·during the life of the plant. 

. _Penetrations: Personnel and access hatches are double; all others are sing.Le. 
· Electrical, personnel, and access hatches are testable. 
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a Pe .. P 3 BWR 

Reactor: Limerick 
D2. EMERGENCY CORE COOLING SYSTEMS 

.· Core Ser al Cooling Sls tern: Two indepen~ent pump loops deliver cooling water to 
spray spargers over core. System actuated by breach in nuclear-system process 
barrier, but water is delivered to core only after reactor pressure is reduced. 
Syst.em has capability to cool fuel with sprayed water. Either core spray loop is 
capable of preventing fuel clad melting fol.lowing LOCA. Four 50% capacity pumps 
~"" ~~~i. ...loli,.or ~l?t; nnm (cl 122 nsid from sunnression pool. 

Auto-De2ressurization Slstem: Acts rapidly to reduce reactor pressure in LOCA 
where HPCIS fails to maintain reactor-vessel water level. Depressurization enables 
LPCI systems to start & deliver cooling water to reactor. 

Residual-Heat-Removal Slstem (RHRS):System consists of 4 heat exchangers (7ox106 
Btu/qr ea), 4 main pumps (3 of which supply 100% cap 'y) & 4 service-water pumps ar-
ranged into 2 cross-connected loops. Three modes of operation: .1. Shutdown cool-
ing - water pumped from reactor thru heat exchangers for cooling & returned to re-
actor. Can complete cooldown to 125F in 20 hr & maintain. 2. Containment cooling-
water pumped f~om suppression pool thru heat exchangers & back to pool so pool will 
be maintained at 170F or below. Flow (5%) can be diverted thru drywell spray hdrs. 
3. LPCI.mode - main pumps transfer water from suppression pool to reactor to main-
tain 2/3 core flooding sufficient to prevent fuel clad melting. ~30,000 gpm@20psid. 

~igh-Pressure C~~lant-Injection Slstem: ·Pruvides and maintains coolant inside re-
actor to prevent fuel-clad damage as results of small breaks in process barrier. 
The HPCIS turbine-pump, powered by reactor steam, delivers 5000 gpm @ 1120 psid to 
t.he reactor vessel from condensate storage tank or suppression pool. 

~ow-Pressure Coolant-Injection System: Four pumps \lTJ cap ea Tor 10,000 gpm I!' .lU 

psid) serve as part of RHRS to :iperate at lower pressures, ~o to 300 psi, to flood 
the core and limit rise of fuel-clad temp. Starts automatically 011 low-water level 
in reactor, or high drywell press. 

E. OTHER SAFETY-RELATED FEATURES 

Standbl Coolant Slstem: The Residual-Heat-Removal Service-Water System is cross 
tied to the RHRS to provide an additional source of water for postaccident contain-
ment flooding. 

Main-Stea!ll-Line; Flow Restrictors: Venturi-type flow restrictors installed in 
each steam line close to reactor. Limits loss-of-coolant :i.n caiiQ of main steam 
line break. Also prevents uncovering core before steam-line-isolation. 

Control-Rod Velocitl Limiters: Protects against high reactivity insertion rate 
in case of control-rod~drop accident by limiting rod velocity. Velocity limited 
in one direction but does not effect scra)II rate. Accomplished· with large clearance 
pi"ston and baffle inside control rod guide tube. 

Control-Rod-Drive-Housing Su22orts: 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 and drops from the reactor. 
Under operating conditions, hou::dng 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 shut down reactor. By manual initiation, sodium penta-
borate solution is pumped into the bottom of the reactor. About 2 hr required for 
complete injection. System can be used to maintain shutdown if required. 
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. Paoe 4 '. BWR 
Reactor: Limerick 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment AtmosEheric Control S1stem: No system mentioned for nitrogen purging 
or recombining hydrog~°: in primary containment. 

Reactor Core Isolatiori•Cooling S1stem (RCICS): Star.ts automatically on signal of 
reactor-vessel low-water level to prevent 'need for operating of any core-standby 
cooling system. Can also be·started manually. Removes decay heat and·provides 
makeup water into feedwater line if feedwater pumps are inoperative, and/or if 
isolation valves have close~, isolating reactor from main condenser heat sink. One 
st~am-turbine-driven PUlllP delivers 616 gpm from condensate storage tank or suppres-
sion pool. .. 

.. 
Reactor Vessel Failure: No references. to vessel failure. 

Missile & Reactor Forces -

Core Coo~ing Ca2abilit1 -.. 

Containment Floo'dabilit1 - Primary containment can be filled with water to a 
level above reactor core. 

Reactor-Coolant Leak-Detection S1stems:·plllllp and valve seals, & reactor-vessel 
head-flange gasket leakage are measurable & identifiable. Unidentifiable leakage 
which could signal piping system cracks is detected by unusual pressure rise, in-
crease in containment temp, and/or containment sump-pump operation which is moni-
tored by a flow integration and recorder. 

.. 
Failed-Fuel Detection S1stems: Four gamma-radiation moni.tors located near steam 

lines just outside primary _containment.designed ~o detect release of fission pro-
ducts from the fuel. High radiation initiates scram and system isolation. 

Emergenc1 Power: Four 3000-kw diesel-generators are provided, three of which are 
adequate to start and c.arry all essential loads. These units and their switch gear 
ar.e separated and independent. A sU:pply ·of fuel will be maintained for 6 days of 
continuous operation. A day- tank supplies fuel for 2 1/2 hr of operation. Units 
start automatically ori loss of offsite power, low-water level in reactor, or high 
drywell pres·sure. 

· Rod-Block Monitor: To prevent fuel damage as a result of single rod~withdrawal 
·error. Monitor bypassed at <30% power. Two RBM channels, either of which can 
initiate .a rod block using signals .from LPRM channels. Because MCHFR cannot reach 

· 1.0 until rod is halfway withdrawn, the highest rod-block.setpoint halts rod motion 
before local fuel damage can occur. 

Rod Worth Minimizer: On-line computer prevents rod withdrawal at low power if rod· 
being withdrawn is not in accordance with planned pattern, thus limiting reactivity 
worth of rods by enforcing adherence to plan.ned pattern. 

'!' 
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Page 5, BWR 

Reactor: Limerick 

F. MISCELLANEOUS 

Windsoeed, Direction Recorders, and Seismographs: A 350-ft-high tower will be 
erecte<I to measure wind speeds, temperatures, and other meteorological data. 
No seismographs mentioned. 

Plant 02erating Mode: Recirculation flow to the reactor is varied to 
accomplish load following. 

Site Features: 587A, gently rolling along the Schuylkill River. Site elevation 
varies from 100' to 280' with reactors at "-220' and hyperbolic cooling towers at 
260' .• Reactors will be -850' from edge of river, which has limited use by pleasure 
boaters. Railroad right-of-way will be 500' from reactor. Population (1968) 
within 5 mi of site was 66,600. Max population is in northwesterly direction be-
ing "-30,000 within 5 mi of site. Preva.iling wind direction is NW. Land use is 
mostly rural ·within 10 mi of site. Site is well above max flood level (by 100 
ft). Nearest town is Pottstown 2 to 4 mi NW from site. 

Turbine Orientation: Could not be found. 

Emergencx Plans: Procedures will be written and practiced for familiarity. State 
police, local fire department, local hospital, and other public agencies will be in 
volved. Plant personnel will be trained in use of procedures and practices, and 
training drills will be held. Proper communication systems will be used for 
emergency warning. Nuclear-medicine consultants at University of Penn. is develop-
ing emergency medical plans. 

Environmental Monitoring Plans: Preoperational studies will be made to measure 
radioactivity of the air, river, rain and snow, well water, vegetation, garden 
vegetables, river-bottom silt, soil, fish, milk, and aquatic biota. An independent 
lab has been engaged to gather water-quality data on the river. One item that will 
be measured is river temperature. 

Radwaste Treatment: Liquid and solid wastes are routed to radwaste burloing ror 
collection, processing, sampling and disposal. Gaseous wastes are routed to off-
gas building for hold-up and filtration before release. Solid wastes are packaged 
for shipment offsite. The Liquid and Gaseous Radwaste Systems will reduce acti-
vity such that concentrations in routine discharges are significantly less than 
regulatory limits. Effluents are continuously monitored, and discharge is auto-
matically stopped if concentrations exceed limits. 

Stack Height - Roof top vent, steel pipe·, 200 ft above ground. 

Waste Heat sxstem: Circulating water system takes 107 cfs max from river. About 

54 cfs is needed to make up for evaporation in the 4 hyperbolic, natural-draft 

cooling towers. The other 53 cfs is returned to river as cooling-tower blowdown 

and/.or dilution. Average river flow is 1816 cfs. Main condenser heat removal 
capacity is 7800 x 106 Btu/hr. Two or more circulating pumps ( 250, 000 gpm each). 

pump thru a closed loop of the cooling LuweI:s. 



G. CIRCULATING WATER. SYSTEM 
& SITE FEATURES 

204 

Page 6 

REACTOR NAME Limerick Generating 

Station, units l & 2 

THERMAL 

OUTPUT 1 MWt .3293 

TYPE· OF NUCLEAR 

STEAM SYSTEM BWR 

DOCKET NO. 50-352 _____ .....,._ 

50,..353 

NEARBY BODY OF WATER Schuykill River 

SIZE OF SITE 587 ACRES -----

------
NORMAL LEVEL 110' (MSL) 

MAX PROB FLOOD LEVEL 144 1 (MSL) 

SITE GRADE ELEVATION 220 1 (MSL) 

' TOPOGRAPHY OF SITE_·_._R_o_11_i.·n.-..--------------------------
. OF SURROUNDING AREA ( 5 MI RAD)_. _Ro_1 .. 1 ... i_.n,..g..._ _________________________ _ 

· TOTAL PERMANENT POPULATION IN' 2 MI RAD 5258 ( 1968) IN 5 MI RAD 66 .600 ( 1968) 

NEAREST CITY. OF 50,000 POPULATION. Reading, Penn. ----':""""--------------------------DISTANCE FROM SITE 20 MILES POPULATION 107,790 (1968) 

. LAND USE IN 5 MILE. RADIUS Agricultural and Undeveloped 

.CIRCULATING WATER SYSTEM .TYPE OF SYSTEM Closed loop using cooling towers. 

WATER TAKEN FROM Schuykill River FOR-Mak_·e_u..,p ____ _ 

WATER BODY TEMPERATURES"- WlNTER AVG 42 F SUMMER AVG 82 F AVG .- F - - ~ 

RIVER· FLOW 1816 (cfs) avg. "'QUANTITY OF MAKEUP WATER· 24 ,300 (gpm) · 

"~OTAL FLOW THROUGH CONDENSERS 450,000 (gpm) TEMPERATURE RISE 30 F 

'"HEAT REMOVAL CAPACITY OF CONDENSERS 7800 X 106 (Btu/hr) *P~r Unit 

COOLING TOWERS One hyperbolic natural-draft towers 475 wide X 500' .high, 

OTHER INFORMATION Applicatipn filed with Delaware River Comm. for water from 

that river.during low flow in Schuykill. lp mi of pipe required + creek usage, 

NUCLEAR SAFETY INFORMATION CENTER 
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NEWBOLD ISLAND, 50...:354 & 50-355 (BWR) Page 1 

Project. Name: Newbold Islanc;l Nuclear 
Station 1 & 2 

Location: Burlington Co., N.J.* 
Owner: Public Service Electric & Gas 
NSS Vendor: General Electric Company 

A. THERMAL-HYDRAULIC 

Thermal Output, 3293 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 3440 
Safetv Design MWt 
Steam Flow Rate, 14.2 x 106 
lb/hr 
Total Core Flow 106.5 x 10 6 

Rate, lb/hr 
Coolant Pressure, 1020 
psig 
Heat Transfer 66,1000 
Area, ft 2 

Max Power per Fuel 18.35 
Rod Unit Lgth, kw/ft 
Maximtun Heat Flux, 425,060 
Btu/hr-ft2 

Average Heat F;l.ux' 163,230 
Btu/hr-ft2 

Maximtun Fuel Tempera:-
ture, OF 4430 
Average Fuel Rod 
Surface Temo "F 
MCHFR 

~1.9 

Total Peaking 
2.6 Factor 

Avg Power Density, 
Kw/9. 50.8 

* 
On Island in Delaware River. 

~ 

TX-4377 
(8-70) 

Generating Reactor: Newbold Island 
A-E: Public Service Electric 
Vessel Vendor: Not discussed 

Co. Docket No.: 50-354, 50-355 
Containment Constructor:Public Serv. Elec 

B. NUCLEAR 

H20/U02 Volume 2.43 
Ratio 
Moderator Temp Coef 

x 10-5 
Cold, fik/k/°F -5.0 

Moderator Temp Coef 
-17.0 x 10-'5 Hot No Voids 

Moderator Void Coef. 
10-3 

Hot, No Voids, l:ik/k/% ·-LO x 

Moderator Void: -Coer 
Operating -1.6 x 10-3 

Doppler Coefficient, 
-1.3 x 10-5 

Cold 
Doppler Coefficient, 

.-1.2 X lQ-B 
Hot, No Voids 
Doppler Coefficient, 

-1.3 x 10-5 
Operatinp, 
Initial Enrichment, 

2.25 % 
Average Discharge Ex-

19 ,000 posure, MWD/Ton 
Core Average Vofa 
Within Assembly, % ---
keff' All Rods In See curve 

3. 6-14 

keff' Max Rod Out 0.99 

Control Rod Worth, 0.016k max 
% 
Curtain Worth, ---% 
Burnable Poisons, Boron in 372 
Type ancl Form ·flat ss curtains 
Number of Control 185 
Rods 
Number of Part-Length None mentioned 
Rods (PLR) 

Compiled by: Fred Heddleson 
Date: July 1970 
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PaQe 2- IlWR 
Reactor: Newbold Island 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.32 Design Winds in mph: 

Low Population Zone Dist_, Mi. 1 At 0 50 ft 108 sustained -
MetroEolis Distance Po~ulat.ion (Table 1. 6-4) 
Trenton, N.J. 6.4 11 ,167 {60) 50 - 150 ft --
Design Basis Earthquake 150 - 400 ft --

·Acee!., g 0.15 
Torna.do 300 

Operating Basis Earthquake 
Acee!., g 0.08 f).p = psi/ sec 

Earthquake Vertical.Shock, Is intent of 70 design criteria. 
% of Horizontal --- Satisfied? Yes (See Pg. 15.2-1) 
Peak Fuel Enthalpy on Rod DroE: Not more than 280 calories per gram. 

Recircu.lation PumEing S:z:stem & MCHF.R: Pumping rate can be varied to cnange 
·flow rates thru core. Type of boiling is altered by rate of flow and thus 
MCH:FR also is changed. 

Protective System: Initiates a rapid, ·automatic shutdown of reactor. Action taken 
in time to prevent excessive fuel cladding damage and process barrier damage fol-
.lowing· abnormal operational transients. System overrides all operator actions and 

process control 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Design 
56 

Prim Ctmt Leak 0.5 Press, psig Rate, %/day 
Supprn Chamb Design 56 Second Ctmt Design 3 
Press, psig Press, psig 
Cale Max Internal 47 Second Ctmt Lea'K 10 
P:r;oss, p,;:ig Rate, %/day 

···- - -·=-· .. 
T>'f?e of Construction: Primary containment - steel shell in form of inverted.light-
but> enclosed in reinforced concrete. Drywell interconnection to torus-type steel 
pressure-suppressipn chamber supported by reinforced concrete pad. Secondary con-
tainment-cylindrical, reinforced concrete shell (2.5 ft thick} w/spherical dome. 

Design Basis: Desj,gned to withstand LOCA with 4 sq ft break area, ·simultaneously 
with forces imposed by the design-basis earthquake, and also to maintain design 
leak tightness during such an accident so that radioactive release will cause no 
off-site dose in excess of values specified in 10 CFR 100. 

Vacuum Relief CaEabilitl: A vacuum re.lier system wi.ll. oe · aes:i::gneci: L:o 
prevent a negative pressure differential on either the dyrwell or suppression 
chamber. The design value will be 2 psid. 

Post-Construction Testing: Tested at l.L:>7. design pressure using 21l% rreon and a 
halide leak detector. After holding_for i hr at 125% design pressure, pressure 
.will be reduced to design pressure for soapsuds inspection. Leak-rate tests will 
be performed during the plant lifetime. 

i>enetrations: Electrical and steam are double and testab.Le. A.L.l ot:ners ai:e ... 

·single. 

0 
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Page 3. BWR 

Reactor: N_ewbold Island 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling System: Two independent loops, each having 1 pump and 1 spray 
sparger above core. Design flow is 6250 gpm at 122 psid each, with water from sup
pression pool. Low water level in reactor vessel or high pressure in drywell ini
tiates system to prevent fuel-clad melting. Low-Pressure Coolant-Injection System 
starts from same signals and operates independently to achieve same objectives. 

Auto-Depressurization System: When feedwater pumps, RCICS, and HPCIS; cannot main
tain proper reactor water level, safety relief valves on steam lines open, venting 
steam to suppression pool so the reactor is depressurized. The LPCI & core-spray 
systems tgen b~g~n opefa

1
tion. Relief valves (5) open & stay open on coincident 

..... :.: - , - ri.1" h; ,..,....., ..t- .. _,.:_.,...,.I -n.,.-0....,,..••._,... 

R-esidual-Heat-Removal Sys tern (RHRS): Sys tern cons is ts of 2 heat exchangers, 4 main 
pumps (each 1/3 capJ-, and service-water system to cool heat exchangers. Four major 
modes of operation are: (1) LPCI Mode - main pumps transfer water from condensate 
storage tank or suppression pool to react.or to maintain core flooding to hold clad 
temp <2700F. ~30,000 gpm. (2) Containment-Spray Mode - water pumped from suppres
sion pool thru heat excha(1geri:; to spray headers in drywell to condense steam. (3) 
Reactor Isolation Mode - suppression-pool water is pumped thru residual heat ex
changers to maintain pool temperature below 170F. (4) Shutdown Cooling Mode - used 
to remove decay & residual heat from core. 

~igh Pressure Coolant Injection System: Steam turbine-driven constant-flow pump 
supplies 500 gpm @ 1140 psia to feedwater piping system. Suction taken from con
densate storage tank or suppression pool. This system prevents fuel melting in the 
case of small line breaks where rapid depressuring does not occur. Reactor low
water level or high drywell pr.essure signals automatically start system. 

Low-Pressure Coolant-Injection System: Four 1/3 cap pumps flood the core at low 
pressures (Oto 300 psi). Each pump can supply 10,000 gpm@ 20 psid from the sup
pression pool. These pumps are classed as part of the Residual Heat Removal 
System. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant System: Fig. 6.4-3 shows piping connection so that Essential Serv
ice Water System could supply water (from the river) the the drywell spray system 
or to the reactor coolant recirculation system, or for containment flooding. Four 
low-head pumps are available. 

Main-Steam-Line Flow Restrictors: Venturi-type restrictor in each of 4 main lines 
limits loss flow from reactor vessel in case of line rupture; steam flow in severed 
liue restricted to •v200% of rated flow. 

Control-Rod Velocity Limiters: Two nearly mated conical elements that act as a 
large-clearance piston and baffle inside the control-rod-guide tube over the length . 
of the control-rod stroke limits drop-out velocity to <5 ft/sec. Velocity of rod 
insertion is not affected. This feature protects against a high reactivity rate of 

·- ·- ~- .. t- ... - ___ ._. _,e ""J ,..- ....... ~--..1 --.J .J--.. ..... ":ll ...... ;A--.~ 

Control-Rod-Drive-Housing Supports: Loc~ted underneath reactor vessel j11st tmder 
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 Jrop only 1/ 4 in. in case of failure. 

Standby Liquid-Control System: .I\ reaunuant Sy::>cem ror reactiVl.Ly conrru.1. -~-
wnen control rods cannot snut down reactor. By manual initiation, sodium pentabo
rate solution is pumped into the reactor. About 1 to 2 hr required for complete 
injection. System can be used to maintain shutdown if required. 
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Paize 4 BWR 
Reactor: Newbold Island 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control System: Containment inerting is unwarranted since 
· hydrogen p.oses no· problem; however, required nozzles, piping, and connections will 
be installed t~ facilitate later purging installation, if required. 

Reactor Core Isolation Cooling System (RCICS): Starts automatically on signal ot 
reactor-vessel low-water level, or can be started manually. Removes decay heat and 
provides makeup water into feedwater life if feedwater pumps are inoperative, and/o 

. if isolation valves have closed, isolating reactor from main condenser heat sink. 
O~e steam-turbine-driven pump delivers 616 gpm at 1500 psig from either conde·nsate 
storage tank, RHRS heat exchangers, or suppression pool. Turbine is driven with 
decay heat steam from reactor vessel. 

Reactor Vessel Failure: Has an extremely low probability ot taiLure aue ~o any 
Missile & Reactor Forces - known failure mechanism. (Sect. 4.2.S). 

Core Cooling Capability - not discussed relative to vessel failure. 

Containment Floodability - an analysis will be made to establish capability of 
system to withstand flooding. 

Reactor-Coolant Leak-Detection Systems: Leakage is designated as 
"Unidentitied Four variables are available for detecting leaks: 
drywell pressure, drywell temperature, and air sampling. Detailed 
wil,l evaluate these methods. 

"Identif ie9 or 
sump flows, 

system design 

Failed-Fuel Detection Systems: Four gamma-sensitive monitors ~ocatea near main 
steam lines just outside primary containment will detect significant increases in 
radiation levels which could be caused by gross fuel failure. Dete.c:tion of in
creased radiation levels will initiate a scram and closure of steam-line-isolation 
valvP.s, and also. a t~~P signal is transmitted to the Gaseous Radwaste System. 

·Emergency ?ower: Four diesel-generator sets. are provided. They are sized so any 
three can supply all .necessary power for one unit under design basis accident. 
Each unit is physically separated from the others. A 7-day fuel supply is availabl 
on the site. Units will start and receive loa<l within 10 seconds after receiving 
the starting signal. 

Rod-Block Monitor: Operates in conjunction with on-line computer ana rod worth 
minimizer system to block rod withdrawal that could cause damage to the fuel. 

Rod Worth Minimizer: A function of the on-line computer which prevents rod 
withdrawal under low power conditions if rod to be withdrawn is incorrect for 
.the pre-planned pattern. 

•. 



209 

Page 5, BWR 

Reactor: Newbold Island 

F. MISCELLANEOUS. 

Windsoeed. Direct.ion Re·corders, and Seismographs: Tower facility will be in-
stalled on or adjacent to the site. No seismographs mentioned. 

Plant Operating Mode: InnerentLy nigh moderator-to-Doppler coerricient permits 
use oi cooiant for from load-following. 

Site Features: Site is on Newbold Island (530 acres) in the Delaware River. The 
site is above all probable flood levels except for the probable max hurricane water 
level, which could be 4 .ft above site grade. Area surrounding site mostly commer-
cial, industrial, and residential. Center of 'Philadelphia is 26 mi from site. 
Trenton, N.J. is 5 to 8 miles. High-population areas are westerly and north-
easterly. Wind directions are variable. . . 

Turbine Orientation: Ejected blades could possibly strike containment shell. 

Emergencl Plans: Written procedures will be prepared and personnel will he 
trained in these procedures. Periodic tests and reviews will be conducted. Off-
site emergency plans will be fqrmulated in cooperation with state government, 
police, fire departments, etc. 

Environmental Monitoring Plans: Programs will be conducted before and after 
operation to evaluate radiation levels and ecology.of the site, and to determine 
effects, if any, of the station on the radiation levels and ecology. Monitoring 
program w.ill include sampling of atmospheric, land and aquatic environment, using 
indicators such as air, water, soil, and sediment, as well as potable water, milk, 
vegetables, and marine life. Sampling wil.l be conducted on-site, and off-site in 
all directions in N.J., and Penn., and up and down-stream of.the Delaware River. 
An ecological study will establish before and after biological and physiocochemical 
~~• .. Ht-~~~"' in t-'ho ";,.;~~+-•• ~{: t-h., Q+-~t-;~~ 

Radwaste Treatment: Designed to control release qr radioactive effluents by 
methods such as collection, filtration, holdup for decay; dilution, and concentra-
tiou. Liquids will be collected, treated and stored, and released to the wat&1r dio 
charge ~anal fnr dilution. Golld~ will be collected and processed for storage in 
drums. Gaseous wastes are collected and held for decay, being released within es-
tablished limits. Design bases for 30 second decay is annual average rate of 
100,000 ~c/sec. With 3 day holdup of Krypton and 25 day holdup of Xenon, rate is 
about 11 µc/sec. 

Stack Height - Radioactive gas~s ven~ed thru elevated exhaust duct. &Ht ~f vent 

Waste Heat System:Circulating water system will circulate 585,000 gpm thru con-
denser & natural draft hyperbolic cooling tower. Temp rise not given. 20,000 gpm 
makeup will be provided, probably from riv~r. TWo cooling towers will be used for 
each unit. Avg river flow at Trenton is 11,680 cfs. Mean tidal flow at Burlington 
(6 mi down river) is about 45,000 cfs. 

·• 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Newbold Island Nuclear 

THERMAL 

3293 

TYPE OF NUCLEAR 

STEAM SYSTEM BWR 

Generating Station 

DOCKET NO. 50-.354 ------
50-355 OUTPUT, MWt ----- ------

NEARBY BODY OF WATER Delaware River NORMAL LEVI.:L __ o __ (MSL) 

MAX PROB FLOOD LEVLL 30.5'(MSL) 

SIZE OF SITE 530 ACRES SITE GRADE ELEVATIO!I 25.0' (MSL) -----
TOPOGRAPHY OF SITE Flat -------------------------------0 F SURROUNDING AREA (5 MI RAD) Flat to Rolling ----------=---------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 4900 (1960) IN 5 MI RAD1~~ :888 d:~~8) 
NEAREST CITY OF 50,000 POPULATION_L_e_v_i_t_t_o_w_n~1--Pe_n_n_. _____________________ __ 

DISTANCE FROM SITE 4 MILES POPULATION 70 1 000 (1960) 

LAND USE IN 5.MILE RADIUS Re~idential & Industrial 

. CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM Delaware River 

WATER BODY TEMPERATURES - WINTER AVG - F · 

FOR Makeup 

SUMMER AVG - F AVG - F 

RIVER FLOW 11,680 (cfs) 45 ,000 tidal *QUANTITY OF MAKEUP WATI.:R 20 ,000. (gpm) 

*TOTAL FL9W THROUGH CONDENSERS 585 ,000 (gpm) TEMPERATURE RISE - F 

AlJI;AT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS Two natural-draft hyperbolic towers (4 total for both units) 

OTHER INFORMATION----------------~-----------

----~-~--------------------------------------.~----=-~------

NUCLEAR SAFETY INFORMATION CENTER 

-

-;. 

,, 
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ZIMMER, 

Project Name: Zimmer Nuclear Power 

Location:Clermont Co., Ohio* 
Owner: Cincinnati Gas & Elec.**et 
NSS Vendor: General Electric 

A. THERMAL-HYDRAULIC 

Thermal Output, 2436 
MWt 
Electrical Output, '1.840 
MWe 
Total Heat Output 
Safetv Desi2n. MWt 

for . i550 

.Steam Flow Rate, 10.48 x 106 
lb/hr 
Total Core Flow 78.5 x 106 
Rate, lb/hr 
Coolant Pressure, 1020 
psig 
Heat Transfer 48,451 
Area, ft 2 

Max Power per Fuel 18.5 
Rod Unit Lgth, kw/ft 

"Maximum Heat Flux, 428,308 
Btu/hr-ft2 

Average Heat Flux, 164,734 
Btu/hr-ft 2 

Maximum Fuel Tempera- 4480 
ture, OF 
Average Fuel Rod 558 
Surface Temp OF 
MCHFR ~1.9 

Total Peaking 2.6 
Factor 
Avg Power Density, 51.2 
Kw/9., 

*25 mi. SE of Cincinnati 

**Cincinnati G&E 37% 
Columbus & s. Ohio 32% 
Dayton Power & Light 31% 

-- - -- --
TX-4377 
(8-70) 

211 

50-358 "& 50-359 .(BWR) Page 1 

Station 1&2t Reactor: Zimmer 
A-E: Sargent & Lundy 
Vessel Vendor: Not specified, but GE's 

al Docket No.: 50-358, 50-359 resp. 
Containment Constructor: No-t specified 

B. NUCLEAR 

H20/U02 Volume 2.41 
Ratio 
Moderator Temp Coef -5.0 x 10-s 
Cold, /'::,.k/k/°F 
Moderator Temp Coef -39.0 x lo-5 
Hot. No Voids 
Moderator Void Coef .:.i.o lo- 3 x 
Hot, No Voids, t::.k/k/% 
Moderator Void Coef -1.6 x lo-3 
Operating 
Doppler Coefficient, 

~1.3 x 10-S 
Cold 
Doppler Coefficient, -1.2 x 10-S 
Hot, No Voids 
Doppler Coefficient, -1.3 x lo-s 
Operating 
Initial Enrichment, 1.8 
% 
Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Void .38*** Within Assembly, % 

keff' All Rods In ---

keff' Max Rod Out 0.-977**** 

Control Rod Worth, 
% 

0.01 tik 

Curtain Worth, ---
% 
Burnable Poisons, 248 flat, boron 
Type and Form stainless steel 
Number of Control 137 
Rods 
Number of Part-Length 
Rods (PLR) 

None 

***Fig. 3.6-6 
****Fig. 3.6-1 

tApplication for Unit .2 withdrawn. 

Compiled by: Fred A. Heddleson 
Date: August 1970 
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·---·-· Pa2e WP 2 13 
"-" Reactor: Zimmer Nuclear Power Sta. 

c. SAFETY-RELATED DESIGN CRITERIA 

•Exclusion Distance, Mi. 0.13 Design Winds 
Derived from ASCI 

Low Population ·zone Dist., Mi. 4 At 0 - 50 ft 35 psf paper 3269. Pres-
Metropolis Distance Population sures include 
Cincinnati, Ohio 25 mi. 600,000 (70) 50 - 150 ft 45 psf positive & nega-

Design Basis Earthquake 
tive pressure, 

0.10 150 - 400 ft 53 psf gusts, and shape 
Accel., g 

300 mph factor. 
Tornado 

Operating Basis Earthquake 
llP = 3 psi/ 3 sec Accel., g 0.05 

Earthquake Vertical ·Shock, Is intent of 70 design criteria 
% of Horizontal 70 to 80 Satisfied? Yes, see page F.1-1 
Peak Fuel Enthalpy on Rod Drop: Drop of any rod from core to the position of lts 
drive results in peak fuel enthalpy no~ more than 360 cal/g. Analyses show 280 
cal/!! is orobablv max. ' 
Recirculation PlD!lping S~stem & MCHFR: Core is sized with heat transfer area and 
a co6lant flow rate (recirculation pump speed) to ensure that MCHFR is not less 
than 1.9 at rated conditions (page 3.7-12). 

Protective S~stem: 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Design 45 
Prim Ctmt Leak 

0.5 Press, osig Rate. %/dav 
Supprn Chamb Design 45 Second Ctmt Design 

0.25 Press, psig Press, psig 
Cale Max Internal 36 Second Ctmt Le.ak· 

100 Press, psig Rate, %/day 

T~pe of Construction: Primary ctmt - a steel-lined prestressed-concrete pressure-
suppression system. Drywell to be located directly above suppression chamber in 
form of a frustum of a cone. The suppression chamber to be cylindrical and sepa-
rated from drywell by reinforced concrete slab. 

Design Basis: To provide the capability, in the event of the postulated design 
basis loss-of-cool~nt accidents, to limit the release of fission products to the 
plant site environs so that off-site doses would be in compliance with the values 
specified in lOCFRlOO. 

Vacuum Relief Capabilit~: No vacuum relief to be provided between inside of 
primary containment and reactor building. Containment structure has ability. to 
accommodate subatmospheric pressures of approximately 5 psi absolute. 

Post-Cons true tion Testing: After construction and before opera ti on, primary con-
tainment will be pressure-tested pneumatically at 45 psig. Leakage rate will then 

.be measured. Leakage tests will be run periodically thereafter. Penetrations will 
be tested for leakage during plant life •. 

l'enetrations: Steam lines and electrical penetrations are double sealed and in-
dlvidually testable. Personnel ~ccess is double sealed. All other penetrations 
are single. 
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Pall'e 3 BWR . 
Reactor: Zimmer Nuclear Power Sta. 

D2. EMERGENCY CORE COOLING SYSTEMS 

Core S2ra:zi: Cooling S:zi:stem: Two systems available, one high pressure and the other 
low pressure. (HPCS and LPCS respectively). Each system consists of one pump and 
one loop with capabilities as follows: 

HPCS 1300 gpm @ 1130 to 4725 psid from cond. tank or pool 
LPCS 4725 @ 119 psid from suppres~ion pool or cond. tank 

Auto-De2ressurization S:zi:stem: In case RCICS & HPCS cannot maintain reactor water 
level, this system acts to reduce pressure so flow from LPCI or LPCS can enter 
reactor to cool core and limit clad temp. Six of the relief valves open to reduce 
pressure when small breaks occur. Valves stay open until reset by operator. 

Residual-Heat-Removal System (RHRS): System consists of 3 (1/3 cap.) pumps rated 
5050 gpm @ 270 psia', 2 heat exchangers (30. 8 x 106 Btu/hr ea)., & service-water 
pumps arranged into 3 loops not interconnected. There are.5 modes of operation. as 
follows: (1) Shutdown cooling & Reactor-vessel heat spray - can complete cooldown 
to 125 F in 10 hr & maintain. (2) Suppression pool cooling - keeps pool tenip be-
low 170 F. (3) Low-pressure coolant injectiun - supplies water to flood core when 
reactor pressure drops to ~zo psid; water from suppression pool. (4) Containment 
spray sprays water into drywell to condense steam. (5) Reactor core isolation 
cooling - see system description on page 4. 

Jligh-Pressure Coolant-Injection S:zi:s tern.: In case of sma°ll breaks, the high-press. 
core spray injects into the reactor thru spray nozzles (described above under Core 
Spray System). HPCS designed to prevent clad temp from exceeding 2700 F. HPCS .. 
operates on signals of low water level or high drywell pressure. 

~ow-Pressure Coolant-Injection System: Automatically refloods core to limit 
clad temp rise after LOCA. Core can be completely flooded in ~zoo sec with max 
temp of 2000 F. Three 1/3 cap pumps (5050 gpm @ 20 psid eac.h) take water from 
suppression pool. 

E. OTHER SAFETY-RELATED FEATURES 

Standb:zi: Coolant S:zi:stem: "Prime source of liquid for cooling reactor after LOCA 
shall be a stored source located in primary containment. II No other source 
mentioned, but flow diagram 10.8-1 shows connections to 11 flood reac·tor. 11 

Main-Steam-Line Flow Restrictors: Venturi-type flow restrictors installed in 
each line close to reactor. Limits loss-of-coolant in case of main steal line 
break. Also prevents uncovering core before steam-line-isolation valves close. 
Steam flow limited to 200% of rated flow. 

Control-Rod Velocit:zi: Limiters: Two nearly mated conical elements that act as a 
large-clearance pistion & baffle inside the control-rod-guide tube over the length 
of the control-rod stroke limits drop-out velocity to <5 ft/sec. Velocity of rod 
insertion i.s not ·affected. 

Control-Rod-Drive-Housing Su22orts: Located underneath reactor vessel just under 
control=rod houcing to limit travel or i.:atch the control rod if housing ruptures. 
Will prevent a nuclear excursion even if housing fails & drops from the reactor. 
Under operating conditions, ho1,1f?ing can drop only l/4 in. in case of failure, 

Standb:zi: Liguid-Control S:zi:stem: A redundant system for reactivity control used 
.-, when control rods cannot shutdown reactor. By manual initiation, sodium penta-

borate solution is pumped into the reactor. About 1 to 2 hr required for complete 
injection. System can be used to maintain shutdown if required. 
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Pa2e 4. BWR 
Reactor: Zinnner Nuclear·Power Sta. 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control System: No reference found in PSAR except to 
report of P. W. Ianni (APED-5454). 

Reactor Core Isolation Cooling System (RCICS): Starts automatically on signal of 
reactor-vessel low-water level to prevent need for operating of any core-standby 
cooling system. Can also be started manually. Removes decay heat and provides 
makeup water into feedwater line if feedwater ptunps are inoperative, and/or if 
isolation valves have closed, isolating reactor from main condenser heat sink. 
One steam-turbine-driven pump delivers 400 gpm @ 1135 psig from condensate 
storage tank or suppression pool. 

Reactor Vessel Failure: Not aiscussea. 
Missile ~ Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Unidentified leakage rate max is set at 
15 gpm, with the total of identified and unid'entified at 50 gpm. Leakage is de
tected by measurements. of drywell pressure and temp, floor drain and sump-ptunp 
operation, & gross beta activity in drywell and suppression chamber. 

Failed-Fuel Detection Systems: .Four gamma-radiation monitors located near 
steam lines just outside primary containment designed to detect release of 
fission products from the fuel. High radiation initiates scram and system 
isolation. 

·Emergency Power: There will be six diesel-generator sets for both reactor units, 
two of the six shared between the two units. There will be sufficient capacity 
·to shut down both reactors simultaneously on emergency power. Diesels will start 
automatically, and generators will accept loads in 10 sec. Fuel, in underground 
tanks, provides for 7 days of operation. 

Rod-Block Monitor: To prevent fuel damage· as a result of single rod-withdrawal 
error. Monitor bypassed at <~0% power. Two RBM chann!:!ls, either.of which can 
initiate a rod block using signals from LPRM channels. Because MCHFR cannot 
reach 1.0 until rod is halfway withdrawn, the highest rod-block setpoint halts 
rod motion before local fuel damage can occur. 

Rod Worth Minimizer: Assists operator with backup control-rod-monitoring routine 
.. enfor.cing .established startup, shutdown, & low-power-level control-rod procedures. 
Computer helps operator select control-rod patterns consistent with prestored RWM 
sequences. RWM sequences stored in computer memory based on control-rod-withdrawal 
procedures designed to minimize individual control rod worths to acceptable levels. 
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Page 5, BWR 

Reactor: Zimmer Nuclear Power Sta. 

F .. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: A meteorological tower will be 
installed at the site with sufficient height to take measurements at the layer of 
air where releases will be made. Temporary station now in operation, no seismo-
graphs mentioned. 

Plant 0Eerating Mode: Load-following. 

Site Featµres: Site comprises 491 acres on E. side of Ohio River. Plant site 
on level flood plane about 1/2 mi wide. .Normal river pool is 455'' site grade 
to be 520', which is just above max possible flood level of 517'. Surrounding 
area is hilly, used for farming and forests. Highway-52 passes within 1/2-mi 
of reactors. Moscow (700 pop) is 1/2 mi from site. Within 5 mi of site, 1985 
pop to be 5800. 

Turbine Orientation: Turbine & reactor centerlines are parallel & 220' apart. 
Ejected turhine blades would probably miss containment. 

Emergenci Plans: Procedures will be prepared for 2 conditions - on-site and 
off-site. Details not yet available, but things to be covered are authority 
and responsibility, incidents, fires, accidents, training, communication, 
medical facilities, and liason with off-site authorities. 

Environmental Monitoring Plans: Radiological program will start 2 yr before start 
up and will run at least 2 yr after. Purpose is to establish natural background 
levels at the nuclear station and at off-site locations. The program will con ti-
nually monitor the plant environs to ensure that the radioactivity released from 
the plant is well below established limits. Pre-operational monitoring will in-
elude collection and radiometric analysis of airborne particles, well water, sur-
face water, precipitation, bottom sediments, bottom organisms, fish, milk, vege-
tation, soil, misc. food stuffs, & ambient gamma radiation. Post-operational 
nro2ram will be similar. 

Radwaste Treatment: Liquid & solid radwaste systems are common to both units. 
Liquid waste will be collected, treated, stored, or held up, & released diluted 
with the service water discharged. Max liquid waste concentration will be 10-7 
microcuri P-8 /019., Solid was tee: will be collected ai1d i:; luLl::!u in 5-' gal. drtJms using 
a homogenized slurry that solidifies. Drums will be shipped off-site for dis-
posal. Gaseous waste systems. will be independent for each unit, but using a com-
mon stack. Low levels will be released without treatment. Other levels will be 
treated and/or held up before release. Condenser off-gases will be held up & 
then filtered. 800 micro-curies/sec will be released durinl! oneration. 

Waste Heat Sistem: Heat rejection to condenser will be 7054 x 106 Btu/hr, with 
water from circulating system entering at 94 F and leaving at 114. Total flow 
will be 450,000 gpm thru the condenser in a closed-loop system using a natural 
draft cooling tower. Makeup water comes from Ohio River, which has avg flow of 
96, 800 cfs and 7-day min of 10,000 cfs. Service-water system also uses river 
water. 

Stack Height: 125 meters 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Zimmer lluclear Power 

Station, Units l & 2 

THERMAL 

.OUTPUT I MWt 2436 

TYPE OF NUCLEAR 

STEAM SYSTEM BWK ------
NI:ARBY BODY OF WATER Ohio River 

--------------~ 

DOCKET NO. 50-358 ------50-359 

NORMAL LEVEL 455' (MSL) 

MAX PROB FLOOD LEVEL 517 1 ( MSL) 

SIZE OF SITE 491 ACRES SITE GRADE ELEVATION 520' (MSL) 

TOPOGRAPHY· OF SITE Flat 
_......, _____________________________ ~ 

OF SURROUNDING AREA (5 MI RAD) Hilly ---------------------------
TOTAL PERMANENT POPULATION IN 2 MI RAD 1496 (1970 ) IN 5 MI RAD 4885 (i970 ) . 

NEAREST CITY OF 50 1 000 POPULATION __ C_o_v_i_n_g_t_o_n_,_K_e_n_t_u_c_k.Y ___________ __ 

DISTANCE FROM SITE 20 MILES POPULATION 74 ,087 (1970) 

LAND USE IN 5 MILE RADIUS Agricultural & Wooded 
__ ..;;:.. _______________________ ___ 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop using cooling towers 

WATER TAKEN FROM Ohio River -------------------- FOR Makeup 

WATER BODY TEMPERATURES - WINTER AVG 42 r SUMMER AVG 83 r AVG - F 

RIVER FLOW 96 ,BOO (cfs) avg. *QUANTITY OF MAKEUP WATER (gpm) 

1°I'OTAL FLOW THROUGH CONDENSERS 450 ,ooo (gpm) TEMPERATURE RISE 20 r 
·*H£AT REMOVAL CAPACITY OF COND~NSERS 705 3 X 106 (Btu/hr) "'Per Unit 

COOLING TOWERS One natural-draft hyperbolic tower (two for both units) 

OTHER INFORMATION Application for unit #2 withdrawn 

·NUCLEAR SAFETY INFORMATION CENTER 
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SAN ONOFRE~ 50-361 & 50-362 (PWR) Page 1 

:project Name: San Onofre Nuclear Gen Sta, 2 & 3 Reactor:· San Onofre 2 & 3 
A-E: Bechtel 

Location: San Diego Co., Calif. Vessel Vendor: Combustion Engineering 
Owner: Southern Calif. Edison Co.* Docket No.: 50-361, 50-362 
NSS Vendor: Combustion Engineering Containment Constructor: Bechtel 

A. THERMAL-HYDRAULIC B. NUCLEAR 

.Thermal Output, 3390 HzO/U, 3.35 MWt Cold 
Electrical Output, 1175 ·Avg 1st-Cycle . 13,138 
MWe Burnup, MWD/MTU 
Total Heat Output for 3410 First Core Avg ; 21,700 
.Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 11,600 x 106 Maximum Burnup, ---
Btu/hr MWD/MTU 
System Pressure, Region-1 

1.9 psia 2250 Enrichment, % 
UN!H<., Region-£ 

2.3 Nominal 2.11 Enrichment, % 
Total l'·.Low rate, 

106 
Region-J 

2.9 lb/hr 147.8 x Enrichment % 
r;ff Flowrate for 

106 keff• Cold, No 
Heat Trans lb/hr 142.6 x Power, Clean 1.29 
Eff Flow Area for keff • Hot, Full Power 
Hea·t Trans, ft 2 53.2 Xe and Sm(equilibrium) 1.15 
Avg Vel Along Total Rod 
Fuel.Rods, ft/sec 16.6 Worth, % 8 
Avg Mass Velocity 

x 106 
Shutdown Boron, No 

lb/hr-ft 2 2.68 Rods, Clean, Cold, ppm 1400 
Nominal Core Shutdown BoTon, No 
Inlet Temp, OF 553 Rods, Clean, Hot, t>rim 1600 
Avg Rise in 

60. 
Boron Worth, Hot, 

-0.013** Core, OF % l.lk/k/ppm 
Norn Hot Channel Boron Worth, Cold, -0.017** 
Outlet. Temp, °F 645 % l.lk/k/ppm 
Avg Film Coeff, Full Power Moderator 

0 -2 x 10-4 
Btu/hr ft 2

, °F 6160 Temp Coeff, l.lk/k/°F to 

Avg Film Temp 
34 

Moderator Press 
0 to +2 x 10-6 Diff. °F Coeff, i:J.k/k/psi 

Active Heat Trans Moderator Void Coeff 
-1.6 io- 3 

Surf Area, ft 2 .'.i.'.i,000 l.lk/k/% Void 0 to )< 

Avg Heat· Flux, 
205,100 

Doppler Coefficient, 
(-1 to -l.8)x10-S Btu/hr ft 2 · l.\k/k/°F 

Max Heat Flux Shutdown ~argin, Hot 
1.0 Btu/hr ft 2 549,300 One Rod Stuck. % l.lk/k 

Avg Thermal Burnable Poisons, Boron vnem1cal 
Output, kw/ft 7.1 Type and. Form Shim 
Max Thermal Number of Control 425 Output, kw/ft . 19.0 Rods 
Max Clad Sur- Number of Part-Length None 
fa<;e. T&lllJ>. or ___ ----·- --· 657 Rods (PLR) 
No. Coolant ** 
Loops 2 Table 3.2-1 

*South. Calif. Edison -------80% Compiled By: .Fred Heddleson 
San Diego Gas and Electr.fc--20% Date: September 1970 
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PaoP 2. PWR 
Reactor: San Onofre 2 and 3 

c. SAFETY-RELATED DESIGN CRITERIA *conclus.ive figures not given in ·psAR 

Exclusion Distance, Mi.0.10.See Amend. 1 Design·Winds in mph: 

Low Population Zone Dist., Mi. 2* . At 0 - so ft elev 90 

Metro12olis Distance Po12ulation sb - 150 ft 105 
San Diego 51 722,000 
Design Basis Earthquake 150 - 400 ft 125 
Accel., g 0.50 

Operating Basis Earthquake 0.25 Tornado Not discussed 
Accel., G 

Earthquake Vertical Shock, 
t:.P = psi/ sec r.·of Horizontal ,..,75 

Is intent of 70 Design Criteria satisfied? Section 1. 7 discusses criteria and 
intent.of conformance. On page 1.6-1 applicant concludes that they meet all 
applicable laws and regulations. 

D. ENGINEERED SAFETY FEATURES 

.Dl. CONTAINMENT 

Design Press, 6,0 
Calculated Max 

52.6 ' psig Internal Press, psig 
Max Leak·Rate at (Page 1. 3-16) 0.3 
Design Press, %/day. (Page s.i-74) 0.1 

T~12e of Construction: Reinforced concrete structure, cylindrical in shape with 
shallow dome roof on a flat concrete slab, prestressed by post-tensioning system. 
Walls are 4' thick with 3'-6" thick roof. Concrete shell is steel lined. 
Dimensions. 130' diameter and 185' high. 

Design Basis: Designed for all credible loading including LOCA.and earthquakes 
without loss of integrity. Other loads considered are thermal loads , dead loads, 
live loads, wind forces, hydrostatic loads, and prestressing loads. 

Vacuum Relief Ca12abilit~: Vacuum breakers not required - designed for 2 psid 
vacuum (see page 5.1-6). 

Post-Construction Testing: Pressure tested at 69 psig for 1 hr. Leak rate 
determined at 60 psig .and lower pressures. Leakage rates will be determined 
periodically thereafter. Tendon system will be periodically inspected for 
corrosion. 
Penetrations: Electrical type are double sealed and testable. Piping 

penetrations.are single barrier. 

Weld Channels: Welds are first tested with vacuum box and soap bubbles. If 
satisfactory, test channels are installed and welds pressurized for 15 minutes, 
during which time no drop in pressure is allowed. 
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Paoe '• p 3 w R 
-· ··- --

Reactor: San Onofre 2 and 3 
02. CONTAINMENT SAFETY FEATURES 

Containment Seral Slstem: Borated water from refueling water storage tank is mixed 

with NaOH and sprayed into atmosphere to lower temp and press follow·i ng LOCA. Two 
independent systems have capacity to hold temp and press below design limits. Two 

pumps deliver 1750 gpm @ 220 psi (each) to dissipate 280 x 106 Btu/h"r. 

Containment Cooling: Four fan-coJ.l cooling units sized for emergency service 
can remove a total of 280 x 106 Btu/hr. This is a backup system for containment 
spray. Component cooling water system supplies water to the heat exchangers. 

Containment Isolation Slstem: Isolation valves are installed on alT penetrations, 
inside ·and outside containment shell to provide double barriers against release of 
radioactivity. Isolation (closing of valves) occurs in _conjunction with safety 
injection, closing all valves not required for operation of engineered safety 
features. All valves can be operated remotely by manual signal. 

Containment Air Filtration: All air is exhausted from containment oy tlie purge 
exhaust system and then passed thru prefilters, HEPA filters, and activated char-
coal filters before discharge from the vent stack. In emergency, ventilation 
rat<> is 112 air chanQe ner hour. 
Penetration Room: Two floors just outside reactor bldg. Piping penetrations are 

on one floor and electrical are on the floor above. 

Organic-Iodide Filter: Not· mentioned. 

H::z'.drogen Recombiner: None - Accumulation of H" will be controlled to hold 
max limit of 3% by using purge system. (Page 14.4.2-14) 

DJ. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks discharge borated-water each into one of 4 safety 
injection nozzles when reactor pressure drops. below 200 psig• Each tank dumps 
8200 gallons. Tanks are pressured with nitrogen-. When tanks dump,. core is quickl) 
flooded to limit cladding temp and limit zirconium-water reaction to less than 1%. 
Three tanks will cover core in about 30 to 40 sec. Clad melting starts ~100 sec 
after LOCA if core is not cooled. 

High-head Saf etl Injection: The safety-injection-actuation signals starts both 
high and low head pumps. Three high-head pumps _(380 gpm @ 1750 psig) deliver 
borated water from refueling storage tank to each of 4 cold legs. This system 
operates to make up water lost by small break, or as first injection system to 
function after LOCA . . These pumps also circulate water from containment sump for 
long term cooling. 

Low-head Safetl Injection: Two pumps each delivering 4000 gpm ~ .:iuu ps1g can 
flood core to prevent clad melting or limit metal-water reaction. These pumps 
serve as back-up for containment spray pumps. Pump suction is tanked· from 

refueling storage tank. 

-·-
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P 4 PWR a2e 

Reactor:San Onofre 2 and 3 
E. OTHER SAFETY-RELATED FEATURES 

. Reactor Vessel Failure: Not mentioned 
Mis.sile & Reactor Forces -

Core Cooling· Capability -

Containment Floodabilitx -

Reactor-Coolant Leak-Detection Srstems: Tqtal expected leakage from reactor 
coolant system is 0.3 to O.S_gpm. Leakage is indicated by changes in temp, press, 

. airborn activity in· containment, by monitoring containment sump, and by monitoring 
componerit cooling water temp to and from containment atmosphere coolers. Also 
low-level in l?ressuri'zer \o!ould indicate leakage. 

Failed-Fuel-Detection srstems: A ~hielded NaI scintillation detector will be 
installed in a sampling line of the letdown stream of coolant system. It will 
measure gross gamma or .specific isotopes depending upon operation of the 2 
spectrometer ratemeters in the control room. Travel time of water from core 

_to point of detection is estimated at 5 minutes. 

Emergencr Power: Uhits 2 and 3 are each provided with two diesel generators, each 
capable of providi~g suf.ficient·· capacity to safely shut down the associated reactor. 
unit during loss of the preferred source of power with or without a LOCA. A common 

·spare diesel generate~ is provided to operate additional backup equipment over .and 
above the minimum redundancy requirement. Engines ~ill be started with compressed 
air, capacity provided for five crankings of 15 sec each. On-site fuel storage 
will be provided for 7 days.of ,operation at full load. Units are isolated from 
each other. · 

Control of Axial Xenon Oscillations: 
Burnable ·Shims. - Yes, chemical (Boron) 

Par_t-Length Control Rods - No reference found. 

In-Core Instrumentation - Fixed ne~tron-sensitive detector will be spaced in 
core for flux mapping and temp monitoring so core power evaluations can be made. 
The detectors will be inserted into center of fuel assemblies. 

Unborated Water Control: The shutdown group of control element assemblies must 
be in· the fully withc1.rawn position before the operator may start diluting the con-
centration of boric acid in the reactor coolant system. The.operator may inject 
a predetermined amount of demineralized makeup water by operating the system in the 
"dilute" mode. The concentration of boric acid in the reactor coolant is deter-
mined by sample analysis and by the boronometer reading. 

Long-Term Cooling - Internal or External Srstems: 1 t ll the ~hutdown ~ooling n erna y, 
System will reduce reactor. coolant temp from 300 F ~o re~ueling temp in 28 hr. 
The system uses two low-press safety-injection pumps circulat·ing water thru two 
shutdown-coolin~ heat exchangers, and back into reactor coolant system. 
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Pa~e 5, PWR 

Reactor: San Onofre 2 and 3 
F. MISCELLANEOUS 

Windspeed, Direction Recorders,.and Seismographs: Wind measuring system was 
installed on a 64-ft high pole in 1964 for San Onofre #1. 

Seismographs - PSAR makes no reference. 

Plant Operating Mode: Load following - In response to load changes automatic con
trol systems maintain press, temp, and liquid ·level in reactor ·within control bands 

·s~te Features: Site overlooks Pacific Ocean 62 mi SE of Los Angeles and 51 mi 
NW of San Diego, entirely within boundaries of US Marine Corp Camp Pendleton 
(leased from US Govt until 2023). Interstate 5 and Sante Fe RR pass within 1000 
ft of site. San Clemente is closest town (~4 mi) with 18,000 population. Troops 
wili·never be quarte~ed closer than 2 mi of site. Land use is mostly undeveloped. 
Plant will be ~20' above the ocean with a sea wall up to 28' for protection 
against tsunami. 

Turbine Orientation: Turbine centerline is 216 ft from reactor centerline. 
Dlades ejectetl from turbine could hit containment structure. 

Emergency Plans: The San Onofre Radiological Emergency Plan has been developed to 
safeguard station personnel, the public, and equipment in event of a major radio-' 
logical emergency. Plan is based upon Emergency Plan for Unit 1., which has been 
expanded to include Units 2 & 3. The plan provides guidelines for prompt evalua
tion of emergencies, orderly evacuation of station personnel & visitors, & perfor
mance of follow-uo actions to safe~uard oersonnel and eauioment. 
Environmental Monitoring Plans: 

. Radiological and oceanographic monitoring started 
in 1964 in conjunction with unit #1 and will continue long after unit 2 and 3 con
struction to determine prior conditions and any changes due to plant operation. 
Samples are collected to observe levels of SR90, Krypton, Xenon, radioactive 
particulates, Iodine, and water. Marine plants and aquatic organisms will be 
monitored for effects of condenser cooling water discharge. Other misc. prog~ams 
will .be conducted. 

Radwaste Treatment: Wastes will be collected, stored, processed, diluted for 
release or shipped off-site. Liquid wastes after. processing will be either 
shipped off-site or released diluted in the condenser cooling water, Gases will 
be .collec.teJ autl i.:umpressed in tanks to allow for decay and/or released thru 
filters to vent stack. Solid wastes will be collected and stored in drums.for 
shipment offsite. All waste releases will be well within limits specified by 
10CFR20. 

Stack Height - ~180 ft above grade elevation which is 20 ft 

Waste Heat System: Circulating water system pumps 800,000 gpm thru the main 
condenser. Temp rise across condenser is 20 F. Water intake is ~.3200 ft offshore 
and outfall will be about 2600 ft offshore. Expected max temp rise in ocean water 
is 10 F at surface just above outfall. An area 2 miles wide will have about 4 F 
temp rise. (These expected temp rise in ocean are for a11 3 plants operating.) 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME San Onofre Nuclear 

Generating Station, Units 2 & 3 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 

OUTPUT, MWt 3390 ------
NEARBY BODY OF WATER Pacific Ocean 

SIZE or SITE 83.6 
Surrounded by Camp 

ACRES Pendleton Marines 

NORMAL LEVEL 

MAX PROB FLOOD LEVEL 

SITE GRADE ELEVATION i• 

'"A sea-wall has top 

0 

22' 

20 1 

Page 6 

50-361 

50-362 

(MSL) 

(MSL) 

(MSL) 

at 28 1 (MSL) TOPOGRAPHY OF SITE_R_o_l_l_i_n~g __________ ......,.-.--...._..--....._ _______ _ 

OF SURROUNDING AREA ( 5 MI RAD )_H_i_· l_l .. y_t_o_M_o_un_ta_i_· n_o_u_s _____________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 500 (1980) IN 5 MI RAD 12 ,600 (1980 ) 

NEAREST CITY OF 50,000 POPULATION __ o_c_e_a_n_s_i_de ..... ,_c_a_l_i_f_o_r_n_i_a __________ _ 

DISTANCE FROM SITE 17 MILES POPULATION 39,000 ) 

LAND USE IN 5 MILE RADIUS Military Reservation that is mostly Wooded 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 

FOR Condenser cooling WATER ~AKEN FROM Pacific Ocean ------------------WATER BODY TEMPERATURES - WINTER AVG 56 F SUMMER AVG 73 F AVG - F 

RivER FLOW NA (cfs) avg. *QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 800 ,ooo (gpm) TEMPERATURE RISE 20 r 

*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS None ------------------------------------------
OTHER INFORMATION For all 3 units, temp rise of ocean surface at discharge is 

estimated to be 10 r with a 2 mile wide area 

WCI.EAR SAFETY INFORMATION CENTER · 
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FORKED RIVEk, 50-363 (PWR) Page 1 

Project Name:Forked River Nuclear Gen. Sta. Ill Reactor: Forked River Ill 
A-E: Burns & Roe 

Location: Ocean Co., N.J.* Vessel Vendor: Combustion Engineering 
Owner: Jersey Central Power & Light Co Docket No. : 50-363 
NSS Vendor: Combustion Engineering Containment Constructor: Not indicated 

*., ... ~ nf {)uc+-~- (',-AAJ,. TiJnr'lA'IT C:t-<> 

A. THER..'1AL-HYDRAULIC B . NUCLEAR 

Thennal Output, 
3390 . H20/U, 3.35 

MWt Cold 
Electrical Output,· 1184 Avg 1st-Cycle 
MWe Burnup. MWD/MTU 13,138 
Total Heat Output for 3580 First Core Avg 

21,700 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

x lOG 
Maximum Burnup, 

50,000 Btu/hr 11,600 MWD/MTU (page 3-4) 
System Pressure, Region-1 
psia 2250 Enrichment, % 1.90 
IJl~nK, Region-2 
Nominal 2.11 Enrichment, % 2.30 
Total Flow rate, 

147.8 x 106 Region-J 
lb/hr Enrichment, % 2.90 
Eff Flowrate for 

106 keff, Cold, No 
i.29 Heat Trans lb/hr 142.6 x Power, Clean . 

Eff Flow Area for 
53.2 . keff• Hot, Full Power 

Heat Trans, ft 2 Xe and Sm 1.23 
Avg Vel Along 

16.6 
Total Rod 

Fuel Rods, ft/sec Worth, % (Hot) 8.0 
Avg Mass Velocity x 106 Shutdown Boron, No 
lb/hr-ft 2 2.68 Rods, Clean, Cold, ppm 1400 
Nominal Core Shutdown Boron, No 
Inlet Temp, OF 553 Rods, Clean, Hot, ppm 1600 
Avg Rise in 

60 
Boron Worth, Hot, 

-0.13 x 19-3 
Core, OF % 6k/k/ppm (coef) 
Norn Hot Channel 

645 
Boron Worth, Cold, 

-0 .17' x io- 3 
Outlet Temp, OF % 6k/k/ppm (coef) , 

Avg Film Coeff, 
6160 

Full Power Moderator 
(0 -2) x 10-4 

Btu/hr ft 2, °F Temp Coeff, 6k/k/°F to 

Avg Film Temp Moderator Press 
(0 +2) x 10-6 Diff, OF 34 Coeff, 6k/k/psi to 

Active Heat Trans Moderator Void Coeff 
(0 ,,.l.6)xl0-3 Surf Arca, ft 2 55,000 6k/k/i. Void to 

Avg Heat Flux, 
205,100 

Doppler Coefficient, 
(-1 to -1.S)xlo-5 

Btu/hr ft 2 6k/k/°F 
Max Heat Flux 

549,300 
Shutdown !1argin, Hot, 

Btu/hr ft 2 One Rod Stuck.% 6k/k 1 

Avg Thennal 
6.9 

Burnable Poisons, Boron 
Output, kw/ft Type and Form ·f"h~~ ,..,., .,...,.,~ 

Max Thermal 
18.5 

Number of Control 
Output, k;.7/ft Rods. Sx85 425 
Max Clad Sur-

657 
Number of Part-Length 

None face Temp, OF Rods (PLR) mentioned. 
-···-·· No. -coo.Lant 

Loops 2 

Compiled By: Fred Heddleson 
Date: September 1970 
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PaPe 2 PWR 
Reacto"r: Forked River Ill 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.38 radius Design Winds· in mph: * Extrapolated 
Low Population Zone ·Dist ... Mi. 2 At 0 - so ft elev 100 

MetroEolis Distance Po2ulation so - lSO ft 130* 
Atlantic City 34 63,000 
Design Basis Earthquake 

0.22 lSO - 400 ft lSO* 
Accel., g 

. Operating Basis Earthquake 
O.ll Tornado 360 mph 

Accel., G· 

Earthquake Vertical Shock, 
6S 70 f:ip = 3 psi/ 3 sec. % of Horizontal to 

Is int.cat of 70 Design Criteria satisfied? Section 1.4 discusses conformance 
to .design criteria. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 60 Calculated Max 51.S 
psig Internal Press, psig 
Max Leak Rate at 
Design Press, %/day 0.2 

T~Ee of Construction: Reinforced concrete with cylindrical walls (130 ft dia x 

157 ft high), with domed roof with 20-ft-thk flat slab. Walls and roof will be 
prestressed with a post-tensioning system. Inside surface will have 3/8-in-thk 
steel liner. Walls will be 4 ft .thk with 3-ft-thk roof. 

Design Basis: Designed to withstand all credible conditions and still maintain 
leaktightness integrity. Loadings considered - seismic, wind, tornado, external 
and internal missiles, uplift and buoyant forces, and loads.impos~~ by LOCA. 
Designed for an external pressure of 2.5 psi greater than int~rnal. 

Vacuum Relief CaEabi·li t~: Vacuum breakers will not be used. The 2.5-psi 
differential provides sufficient protection. 

Post-Construction Testing: Leakage rate test will be run as well as a pressure 
test at 69 psi. Leakage-test pressures will be 60, 30, and lS just after con-
s tr1.1ction and periodically thereafter. Other pressure proof tests will not be 
run unless experience at Three Mile Island indicates the need. 
t'enetrations: All penetrations are double-barrier with captive air spaces with 
pressures above containment pressure. A Penetration Pressurization System is 
provided for this· function. All units are testable. 

Weld Channels: Provided at all base-liner seam welds and at other welds that will 
be inaccessible. Also provided around piping-penetration welds. 

·-
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-- a11:e . P 3 PWR 

Reactor: Forked River Ill 
D2. CONTAINMENT SAFETY FEATURES 

Containment S£ray System: Borated water f_rom refueling water-storage tank is sprayec 
into atmosphere to lower temp & press & remove iodine following LOCA. Two indepen-
dent systems have capacity to hold temp & press below design limits. Two pumps 
deliver 1750 gpm @ 200 psi (each) to dissipate 240 x 106 Btu/hr. Water can be 
pumped from containment sump and cooled with shutdown heat exchangers. High press 
·in containment along with Safety Injection Actuation signal starts the spray system 

Containment Cooling: Four fan-coil cooling units are available. Three will run dur-
ing normal operation to hold temp below 110°F. All 4 units will run after LOCA. 
Three booster fans are installed in duct-work to improve air distribution. - During 
normal oper.at:i.on, coil cooling water is cooled by outside evaporative coolers. Af-
ter an accident, cooling water will come from component cooling water system. Sys-
~ • 1 1 ... _ 

·~ ...l ~-*"" ..... --A- '-•• ,. __ ,_,,.; ___ .,,. <:--~·· Art-11<>t-i nn cd on"l 

Containment Isolation System: Isolation valves are installed on all penetrations, 
inside & outside containment shell to provide double barriers against release of 
radioactivity. Isolation (closing of valves)· occurs in conjunction with safetY. 
injection, closing all valves not required for ooeration of engineered safety 
features. Valves in engineered-safety-feature lines can be closed manually. 

Containment Air Filtration: All releases pass thru both absolute and charcoal 
filters before rcleaae up the stack. 

Penetration Room: Apparently the penetration pressurization system eliminates 
need for penetration rooms. 

Organic-Iodide Filter: No references found. 

Hydrogen Recombiner:. After LOCA for a 2% zirconium-water reaction, .H. _ tt2 concen-
tration will occur after 20 days. Controlled purging will be used to maintain 
concentration below 3%. A recombiner was not mentioned, 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks discharge borated-water each into one of 4 safety 
injection nozzles when reactor pressure drops below 200 psig. Each tank dumps 
7500 gal. Tanks are pressurized with nitrogen cover gas. When tanks dump, core 
is quickly flooded to limit cladding temp and zirconium-water reaction. Three 
tanks have full capacity to achieve design requirements. 

High-head Safety Injection: Safety Injection Actuation signal starts both high-
and low-head pumps. Two high-head pumps (380 gpm ~ 1750 psig) deliver borated 
water from refueling stor13e tank to each of 4 cold legs. Design capacity is 
adequate to limit metal-water reaction to less than 1% for all break sizes with 
one high-head and one low-head pump running. The high-head pumps can circulate 
water from the sump. One additional high-nead pump is available as an extra 
backup pump. 

Low-head Safety Injection: Two pumps ·each delivering 4000 gpm <!! 5uu psig can 
flood the core to prevent clad melting or limit metal-water reaction. These pumps 
serve as back-up for con-tainment spray pumps. Pump suction is taken from refuel-
ing storage tank. 
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Paire 4. PWR 

Reactor: Forked River #1 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodability -

Reactor-Coolant Leak-Detection Systems: Leakage within containment indicated by: 
increased pressure and temp' monitoring con.tairunent sump levels' increase in air
borne activity as measured by air radiation monitor, monitoring cooling-water 
temp to and from fa~ coolers, and by the pressurizer water level. 

Failed-Fuel-Detection Systems: Liquid monitors are located in 
detect fission-product activity in the primary cooling system. 
auxiliary lines as listed in Table 11-8 . 

7 various lines to 
Locations are in 

.Emergency Power: Two diesel-generator sets ,will start, accelerate to rated speed., 
and accept, load in 10 sec. Units are started when engineered safety features are 
actuated. or on loss of off-site power. Loss of voltage on the 4160-v engineered
safety-feature bus will also start the diesels. Fuel is available at the diesel 

·for 1 hr ·Of full-load operation, or in the separate main fuel tank for 7 days' 
operation of one diesel at full load. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid dissolved into reactor coolant. 

Part~Length Control Rods - None mentioned. 

In-Core Instrumentation - There will be 40 fixed neutron-sensitive assemblies, 
spaced radially & axially for flux mapping of the core. Temp will be measured alsc~ 
In<:t-ruments will not- be used for control. 

Unborated Water Control: Boron dil.ution ·is done manually under strict procedural 
controls. If unborated water is added to the reactor cooling system, a correspond
ing amount of coolant must be removed (feed and bleed). For. dilution to take 
place, both a boron charging pump and a primary makeup water pump must be running. 
In addition to automatic controls, several control-room alarms make the probabilit) 
of erroneous dilution very low. 

Long-Term Cooling - Internal or External Systems: Long-term cooling is possible 
by using the shutdown cooling system, which is designed to reduce reactor temp 
from 300 F to·-135 F in 27 1/2 hr. This system circulates reactor coolant thru two 
heat exchangers, which are cooled by component cooling water system. Two low
pressure safety injection pumps circulate the reactor coolant. Containment-coolin~ 
fan-coil units.can also be used for inner-atmosphere temp control. These units 
are described under Containment Cooling. 
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Pa~e 5, PWR 

Reactor: Forked River Ill 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Wind speed and temp have 
been continuously recorded at 75- and 400-ft levels above grade since 1966. 

Plant OEeratin~ Mode: Load FollQwing. 

S.i te Features : Located on the Atlantic Coastal plain between two small streams, 
Oyster Creek and Forked River, 3 mi inland from shore· of Barnegat Bay. Site 
consists of 1425 acres with plants located between Garden State Parkway and State 
Hwy 9. Nearest town is Forked River (-v2 mi), and nearest area of sizable popula-
tion is Dover Twp with 30,340. Within 2 mi of plant, population is 1000 in winter 
with 5700 ·during the summer, mostly along the shore. Within 40 mi radius, 70% of 
land is forested, vacant, or farm land. Site grade wiil be 30 ft, well above max 
hurricane water level of 21.S (calculated). Many severe storms have hit ·the near 
area, with nearly 40 hurricanes or tornados striking in 35 years. Predominant 
wind direction is NE, blowing off the ocean. 

Turbine Orientation: About 230 ft between centerlines of turbine arid containment. 
Orientation is such that blades could be thrown off turbine and strike 'containment. 

Emergencl Plans: Will cover fire, medical, injury, or illness,· radiation, and . 
contamination accidents. Oyster Creek #1 plans. will be modified to cover Forked 
River. Ou'tside agencies such a$ State Police, Fire Depts., AEC, and N.J. Dept. of 
Health will be called as needed. Toms River Hospital can handle contaminated 
casualties. Written procedures will be prepared, and practice drills will be held. 

Environmental Monitoring Plans: A radiological survey of the environment was 
started for Oyster creek in 1966. This program will be reexamined to learn pathway! 
by which radioactive materials may· cause exposure to people living in the area. A 
study of thermal discharge concludes that there will be no possible influence on 
shell fish and fin fish. The depth of clam beds in the area are will below the 
effect of discharge. Also, fin fish will change their migratory paths around the 
discharge jet. Boating, swiunning, and fishing will not be affected. Table 2-ll 
shows the monitoring program to be followed for radioactivity sampling. Items to 
be monitored - air, water, rain, wells, milk, crops, shellfish, and .sediment. 

Radwaste Treatment: Wastes will be collected, stored, processed, diluted for 
release, or shipped off-site. Liquid wastes after processing will be either 
shipped off-site or released diluted in th'e condenser cooling water. Gases will 
be collected and compressed in tanks to allow for decay and/or released thru 
filters to vent stack. Solid wastes will be collected and stored in drums for 
shipment off-site. All waste releases will be well within limits specified by 
10CFR20. 

Stack Height - 'Vl40 ft above grade elev. 

Waste Heat Slstem: Condenser cooling water is taken from Barnegat Bay and from 
Oyster Creek Plant condenser cooling effluent. After passing thru the condenser, 
che water is pumped into an open receiving tank from which it flows by gravity 
thru a 16-ft-dia pipe for "'7 miles, discharging 2000 ft out into the ocean where the 
water depth is "'30 ft. Thermal discharge to cooling wa~er wil.l be 12. 8 x 10 6 Bt~/hr 
for. both Oyster Creek and Forked River #1. Fellows, Read, & Weber, consultants, 
say discharge at outfall will cause an area of the ocean 1/2 to 2 sq miles to have 
an average temp rise of 1.4 F during the summer. Information is lacking on the 
quantity of flow, temp rise in condenser, condenser heat-removal capacity, and 
aspects of design of the open receiving tank and gravity-flow consideratio~. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Forked River Nuclear 

Station #1 

THERMAL TYPE OF NUCLEAR 

STEAM SYSTEM PWR 

DOCKET No. ___ 5_o_-_3_6_3 

OUTPUT, MWt __ 3_3_9_o __ ------
NEARBY BODY OF WATER Atlantic Ocean NORMAL LEVEL 0. ( MSL) 

MAX PROB FLOOD LEVEL 21.5 1 (MSL) 

SIZE OF SITE l425 ACRES SITE GRADE ELEVATION 30' (MSL) 

TOPOGRAPHY OF SITE __ F_l_at.._-------------------------
OF SURROUNDING AREA (5 MI RAD) Flat 

------------------------------------------5.725 summer 21953 summer 
. TOTAL PERMANENT POPULATION IN 2 .MI RAD 1015 (1968) IN 5 MI RAD 5881 (1968) 

NEAREST CITY OF 50,000 POPULATION Atlantic City, New Jersey 

DISTANCE FROM SITE 34 MILES ---- POPULATION 60,000 (1960) 

LAND USE IN 5 MILE RADIUS __ w_o_od_e_d_, _u_n_d_e_v_e_l_o.._p_e_d ________________________ _ 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 
WATER TAKEN FROM_._B_a.rn•e•gaa_t ___ B_a~y.._ _____________ _ FOR Condenser cooling 
WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - F AVG - F -
RIVER FLOW NA (cfs) avg. 

*TOTAL FLOW THROUGH CONDENSERS 

*QUANTITY OF MAKEUP WATER (gpm) 

------ (gpm) TEMPERATURE RISE - F 

"'HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/h.r) ------ *Per Unit 

COOLING TOWERS None 
_......_....._ ________________________ _ 

estimated ft 1.~ F 
... ..-""-

--""-- ... ·-· 

.--

jll. 

NUCIEAR SAFETY INFORMATION CENTER 

.J 
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BAILLY, 50-367 (BWR) Page 1 

Project Name: Bailly Generating Sta. Nuclear 1 Reactor: Bailly 

Location: Porter Co., Indiana 
Owner: Northern Indiana Public Service 
NSS Vendor: General Electric Co. 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output.for 
Safetv Design MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Area, ft 2 

Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximlllll Heat Flux, 
Btu/hr-ft 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximlllll Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surf ace Temo °F 
MCHFR 

Total Peaking 
Factor 
Avg p·ower 
Kw/9-

TX-4377 
(8-70) 

Density, 

1931 

685 

2028 

7 .925 x 

61.5 )( 

1020 

38,413 

18.5 

428,240 

164,707 

4380 

558 

> 1.9 -
2.6 

51 

106 

106 

A-E: Sargent & Lundy 
Vessel Vendor: Not specified 

Co ·Docket No.: 50-367 
Containment Constructor: Not specified 

B. NUCLEAR 

H20/U02 Volume * L·ater 
Ratio 
Moderator Temp Coef " Cold, /).k/k/°F 
Moderator Temp Coef " 
Hot No Voids 
Moderator Void Coef " 
Hot, No Voids, /:,k/k/% 
Moderator Vo10 Coef II 

Operating 
Doppler Coefficient, II 

Cold 
Doppler Coefficient, II 

Hot, No Voids 
Doppler Coefficient, II 

Operating 
Initial Enrichment, " 
% 
Average Discharge Ex- 19 ,000 
posure, MWD/Ton 
Core Average Void ---
Within Assembly, % 

keff' All Rods In ---

keff' Max Rod Out < 0.99 

Control Rod Worth, ---
% 
Curtain Worth, norma.L 0.01 
operation max, tik 
Burnable Poisons, Flat, Boron --
Type and Form SST (196) 
Number of Control 

109 Ro do 
Nlllllber of Part-Length 

None Rods (PLR) 

* PSAR says info will ·be supplied 

later (Table 1. 6-1). 

Compiled by: Fred Heddleson 
Date: November 1970 
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PaS?e 2. llW~ .. - .. 

Reactor: Bailly 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.13 pesign Winds in psf 

Low Population Zone Dist., Mi. 1. 5 
At 0 - so ft 40 ASCE Paper 

MetroEolis Distance Po12ulation so - 100 ft so 3269 

Garv, Ind. 10 182,000 (' 60 so - lSO ft 64 

Design Basis Earthquake lSO - 400 ft 73 
Accel., g 0.15 

Operating Basis Earthquake 
Tornado - 300 mph tang., 60 mph trans. 

Accel., g 0.08. f::,p = 3 psi/ 3 sec 

Earthquake Vertical Shock, Is intent of 70 design criteria 
% of Horizontal 67 Satisfied? Yes, see Sect. F .1. 

Peak Fuel Enthalpy on Rod Dro12: 280 cal/g design limit. 

Recirculation Pwnping Slstem & MCHFR: Rate of recirculation flow affects type ot 

boiling in core, which in turn affects heat flux. Flows will be maintained to 
prevent MCHFR from reaching fuel-damage limits. 

Protective System: Initiates a rapid, automatic shut-down of reactor, follo_wing ab-
normal operation, in sufficient time. to prevent fuel damage System over-rides 
operator action. Design based on fail-safe philosophy. 

' 

D. ENGINEERED SAFETY FEATURES 

.Dl. CONTAINMENT (Ctmt) 

. Drywell Design 45 Prim Ctmt Leak o.s 
Press, psig Rate, %/day 
Supprn Chamb Design 45 Second Ctmt Design0 _2s 

. ·Press, psig Press; psig 
Cale Max Internal 36 Second Ctmt Leak 100 
Pr_ess, psig Rate, %/day 

T~Ee of Construction: Primary containment will be a steel-lined, prestressed~~on~ ---

crete, pressure-suppression system of the over-and-under configuration. The dry-
well will be directly above the suppression chamber in the form of a frustum of a 
cone. Suppression pool will be cylindrical and separated from the drywell by a 

concrete slab. 
Design Basis: The basic objective of the primary containment system is to provide 
the capability, in the event of the postulated design-basis loss-of-coolant acci-
dent, to limit the release of fission products to the plant site environs so that 
off-site doses would be in compliance with the values specified to lOCFRlOO. 

Vacuum Relief Capability: Vacuum breakers will equalize static pressure oetween 
.suppression pool and drywell, but no vacuum relief will be provided between pri-
mary containment and the reactor-building atmosphere. Concrete containment 
structure will withstand S psig external pressure. 
Post Construction Testing: "Leakage-rate testi;; wi.1..1. run at sevtaca.1. pLt':s:suL .. o. 

Periodic leakage-rate tests will be run during the life of the reactor. Drywell 
and suppression chamber will be pneumatically tested at l.lS the design pressure 
of 45 psig. 

.L'enetrations: All penetratrons are cioub.l.e sea.I.eel. £..1.ect:rica.1. ona ITOL process 
types can be individually tested. Weld channels are installed around -penetrations 

. and at other critical locations. 
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a Pe .. P 3 BWR 

Reactor: Bailly 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Spra;t Cooling S;ts tern: (HPCS) One piping system with one electric-motor-

driven pump provides water to two semicircular spargers inside the reactor vessel· •. 

Capacity is 1145 gpm @ 1130 psid for small br.eaks and supplying up to 3620·gpm@ 

200 psid as size of leakage is greater.· Water comes from condensate storage or 
suppression pool. System starts on low-water-level signal or high-drywell press. 
to limit fuel temperature to 2100 F. See low-pressure core-cooling below. 

Auto-Depressurization S;tstem.: In case RCICS & HPCS cannol'. maintain reacLOI wc>L"''" 

level, this system acts to reduce pressure so flow from LPCI or LPCS can enter 

reactor to cool core and limit clad temp. Five of the 'relief valves open to re-
duce pressure when small breaks occur. Valves stay open until reset by operator. 

Residual-Heat-Removal S;tstem (RHRS): System consists ot ~ ll73 cap.} pumps ratea 

4457 gpm @ .20 psid" 2 heat exchangers, and service-water pumps a-rranged into 3 

loops. There are 5 modes of operation: (1) Shutdown cooling & Reactor-vessel 
head spray - can complete cooldown to 125 F in 20 hr & maintain. (2) Suppression-
pool cooling - keeps pool temp below 170 F. (3) Low-pressure coolant injection -
supplies water to flood core when reactor pressure drops to iv20 psid; water from 
suppression pool. (4) Containment spray - sprays water into drywell to condense 

steam. (5) Reactor core isolation cooling - see system description on page 4. 

~igh-Pressure Coolant-Injection S:t:stem: HPCS accomplishes this functJ.on. A J.OW-
pL't:!ssure core spray (LPCS) does same job as HPCS except that it starts at 119 
ps.id, dispensing 3620 gpm @ 119 psid thru one system with one pump. Starts on 
same signals as HPCS. 

Low-Pressure Coolant-Injection S:t:stem: Automatically refloods core to limit 
clad-temp rise after a large pipe break. Core can be completely flooded in time 
to limit fuel temp to less than 2700 F. ·Three 1/3-capacity pumps can supply 
4457 gpm @ 20 psid each (water taken from the suppression pool). 

E. OTHER SAFETY-RELATED FEATURES 

Standb:t: Coolant S:t:stem: No reference found in printed text or in cross-connecti-
ons noted on piping diagrams. Fuel-pool cooling system is only supply other than 
co.ndensate storage and suppression pool. 

Main-Steam-Line Flow Restrictors: Venturi-type flow restrictors in each main 
steam line between reactor and 1st isolation valve. Limits coolant loss if line 
breaks outside of primary containment. Allio prevents uncovering core before 
isolation valve closes. Steam flow limited to.200% of rated flow. 
Control-Rod Velocity Limiters: Two nearly mated conical elements that act as a 
large-clearance piston & baffle inside the control-rod-guide tube over the length 
of the control-rod stroke limits drop-out velocity to <5 ft/sec. Velocity of rod 
insertion is not affected. This feature protects against a h.igh reactivity rate 
of change in the event of a control-rod-drop accident. 
Control-Rod-Drive-Housing Supports: Structural-steel safety grid under control-
rod-drive housing designed to 1.:1.m:lt travel or stop descent of housing in case it· 
breaks loose from reactor. During operation, housing could fall only about 1/4" 
plus the compression length of the grid springs ("-2"). 

Standb;t Liguid-C.ontrol S;tstem: A redundant system for reactivity control used 
when control rods cannot shut down reactor. By manual initiation, sodium pent a-
borate solution is pumped into the reactor. About 1 to 2 hr required for complete 
injection. System can be used to maintain shutdown if required. 
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Pa2e 4 BWR 
Reactor: Bailly 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment AtmosEheric Control S1stem: A purging system is available to reduce 
residual contamination before personnel access. It can make 3 air changes per hr. 
Drywell and suppres~ion chamber can both be purged, but only one at a time. 

Reactor Core Isolation Cooling Slstem (RCICS): Starts manually or automaticaTiy 
on signal of reactor-vessel low-water level to prevent need. for operating core-
standby cooling system, or in case feedwater system becomes inoperative. Removes 
decay heat, provides makeup water into feedwater lines, and does· the same if 
isolation valves have closed, isolating the reactor form main condenser heat sink. 
One steam-turbine-driven pump delivers 400 gpm to the system from the condensate 
storage tank, .with suppression pool as backup supply. 

Reactor Vessel Failure: No reference to such. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilit1 - Objective stated under 5.2.2 is:adequate design 
"to permit filling primary containment with water to a level above the reactor 
core .. "· 
Reactor-Coolant Leak-Detection Slstems: Unidentified leakage has ·a rate of 15 gpm 
set as the max acceptable rate. The total of identified and unidentified leakage 
must be under 50 gpm so as not to exceed the capacity of one sump pump. Drywell 
sumps have two 50 gpm pumps. Leakage can be detected by abnormal changes in dry-
well pressure and/or temperature, floor drain, and sump-pump operation,.and gross· 
beta activity in drywell and suppression chamber. 

Faile·d-Fuel Detection S1s terns: This system consists ot tour gamma radiation 
monitors located external to the main steam lines just outside the primary .con-
tainment. The monitors are designed to detect a gross release of fission products 
from the fuel. Upon detection of high radiation, the trip signals generated by 
the monitors are used to initiate a reactor scram and isolation of radioactive 
material released. from the fti~l, by l'.lui:; ure 0£ the main oteam lin~ :i.~ola ti.on 
valves. 

Emergenci·Power: The standby ac power supply will consist of 3 diesel-generator 
sets having ample capacity to supply all power required for shutdown of the unit 
if all off-site power is lost. If one diesel-generator is lost, the other two can 
do the job. Starting of engines is automatic and generators can accept load in 10 
sec. Fuel will be supplied from one tank with capacity for 7 days of full-load 
operation. 

Rod-Block Monitor: To prevent ~uel damage as a result of single rod~withdrawa~ 
error. Monitor bypassed at <30% power. Two RBM channels, either· of which can 
initiate a rod block using signals from LPRM channels. RBM supplies a trip 
signal to the reactor manual control system to inhibit control rod withdrawal. 
The trip·is initiated whenever the RBM output exceeds the rod block setpoint. 

· Rod Worth Minimizer: The rod-worth-minimizer function of tlie on-line computer 
prevents rod withdrawal ·under low power conditions .if the rod to be withdrawn is 
not in accordance with a pre-planned pattern. The effect of the rod block is to 
limit the reactivity worth of the control rods by enforcing adherence to the pre-
planned rod pattern. 
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Page 5, BWR 

Reactor: Bailly 

F. MISCELLANEOUS 

Windspeed, Direction Recorders, and Seismographs: A tower will be. built on 
the·site for meteorological data collection - as close to the lake as possible. 
Seismographs not mentioned. 

Plant Operating Mode: Load-following by varying the reactor recirculation 
flow rate. 

Site Features: Site on shore of Lake Michigan consisting of 350 acres. Site 
grade is about 40 ft above lake level with very little possibility of flooding. 
3ite is flat and the area surrounding the site within 5 mi is flat to rolling. 
Population within 2 mi radius is about 1000, and within 5 mi radius about 27,000. 
The nearest large city is Gary, Indiana, which is 10 mi distance having about 
182,000 population. Land use surrounding the site is mostly industrial and re
creational, becoming more agricultural as you move out to 3 or more miles from 
the site. Highway US 12 runs along the SE border and US 20 passes within 2 mi, 
A NIKE Missile Site, C-32, is located 2 1/2 mi SE of site. Indiana Dunes State 
Park borders the site on the east side. 

Turbine .Orientation: Center lines of reactor and turbine are 52'-6" apart, with 
turbine about 270' from reactor. Ejected blades could not strike containment • 

. Emergency Plans: Emergencies will be covered by detailed written procedures di
vided into 2 categories, ·on-site and off-site. The appropriate Northern Indiana 
Public Service Co. plant person~el will be trained in these procedures, and routine 
or periodic drills will be conducted so proficiency can be maintained. Procedures 
that might involve agencies such as the Red Cross, local hospitals, and civil 
authorities (police and fire depts.) will be written and finalized later. 

Environmental Monitoring Plans: Radiological monitoring will begi.n at least 2 yr 
before fuel loading and will continue at least 2 yr after startuo The preopera
.tional phase will establish background radiation reference me.asur:!='1"ents in aquatic 
and terrestrial ecosystems. Postoperational program will monitor releases in the 
operational phase. This program will ass·ess the impact, if any, this reactor will 
have upon the air-land-water environment. Preoperational progrCl)Il will include 
measurement of ambient gamma radiation and the collection and radiological analyses 
of airborne particles, surface waters, bottom sediments. bo.ttom organisms, well 
water. precipitation soil veP:etation milk <>nd other fnnrl ,:;t-• ,ffc 

Radwaste Treatment: Liquid waste system collects, monitors, processes, stores, & 
returns some wastes to plant for reuse. Excess treated water is discharged. Sub
systems handle different categories of liquids •. Concentration oµ released wastes 
is no more than 10-7 µc/ml in water discharge canal. Solid wastes are collected, 
monitored, processed, and packaged in 55-gal drums for offsite disposal. Gaseous 
wastes are collected, processed, held for decay, and released thru the stack, pass
ing thru charcoal filters. Design basis for noble gas input averages 100,000 µc/ 
sec (based ,on 30 minute decay). 

Stack Height - 350' above ground ..., reinforced concrete. 
Waste Heat System: The PSAR specifies a once-thru system taking water from.Lake 

Michigan. Condenser uses 607,100 gpm with a temp rise of 14 F. Heat removal 
capacity of condenser is 4251 x 106 Btu/hr. Lake temperatures vary from a low of 
45 F average in the winter to a summer high average of 71 F. Water intake is 1500 
ft out in the lake with water coming to the shore thru 2 pipes to the intake crib. 
Water is discharged through a flume to a point in the lake 300 ft from shore. It 
is probable that a later amendment will change this once-thru system.* 

* A 400 feet high natural draft tower will be used. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Bailly Generating Station, 

Nuclear l 

THERMAL TYPE or NUCLEAR DOCKET NO. 50-367 

OUTPUT, MWt 1931 STEAM SYSTEl1 BWR 

UI;ARBY BOllY or WATER Lake Michigan NORMAL LEVEL 579 1 (MSL) 
I 

MAX PROB FLOOD LEVEL 590 1 (MSL) 

SIZE or SITE 350 ACRES SITE GRADE ELEVATION u,620 ' (MSL) 

TOPOGRAPHY or SITii Flat 
-------------------~--------~ OF SURROUND.ING AREA (5 .MI RAD)_F_l_a_t_t_o_·_R_o_l_l_in_.g _______________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 995 (1970 ) IN 5 MI RAD 26 ,931 (1970) 

NEAREST CITY. OF 50,000 POPULATION __ G_a_ry...,.,__I_n_d_i_an_a ______________ _ 

llISTANCE FROM .. SITE 10 MILES · POPULATION 182 ,000 U960 ) 

LAND USE IN 5 MILE. RADIUS •Industrial & Recreational in 2 mile radius, and mostly 

Agricultural in.3 to 5 mile radius 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM qosed loop with cooling tower 

WATER TAKEN FROM Lake Michigan · FOR make up 

WATER BODY TEMPERATURES - WINTER AVG 45 r SUMMER AVG 71 r AVG - r 
RIVER FLOW NA (cfs) avg. '''QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL °FLOW THROUGH C~NDENSERS 607 ,100 (gpm) TEMPERATURE RISE 14 r 
*HEAT REMOVAL CAPACITY or CONDENSERS 4251 x 106 (Btu/h~) *Per Unit 

COOLING TOWERS One natural draft tower, 400 feet high 

OTl:IER INFORMATION Intake is 300 feet from shore, and discharge point is· 1500 

feet from shore. , 

NUCLEAR SAFETY INFORMATION CENTER 
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ARKANSAS ONE,. 50-368 (PWR) Page 1 

Project Name: ARKANSAS NUCLEAR ONE, UNIT 2 Reactor· Arkansas One, 112 
A-E: Bechtel Corp. 

Locat1on: Pope Co., ·Arkansas Vessel Vendor: Combustion Engineering 
Owner: Arkansas Power & Light Docket No.: 50-368 
NSS Vendor: Combustion Engineering Containment Constructor: Be.ch tel 

A. THER.."1.AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 2760 H20/U, 3'.35 HWt Cold 
Electrical Output, 950 Avg 1st-Cycle 12,000 -MWe Ilurnuo. MWD/MTU 
Total Heat Output for 2900 First Core Avg 22,000 Safety Design, MWt Burhup, MWD/MTU 
Total Heat Output, 9420 x 106 Maximum Burnup,MWDtn~u 50,000 Btu/hr (local expos. limit) 
System Pressure, 2250 Region-1 ........ 
psia Enrichment, % 

. 2.00 

lJNtiK, 2.12 Region-2 't* 

NominaJ_ Enrichment, % 2.36 

Tota.l· .!:''.low rate, Region-3 ** 
lh/hr. 120.4 x 106 Enrichment, % 2.97 

EU Flowrate for 
106 keff, Cold, No l.272 Heat Trans lb/hr 116. 2 x Power, Clean 

Eff Flow Area for keff• Hot, Full Power 
1.142 Heat Trans, ft 2 43.41 Xe and Sm 

Avg Vel Along Total Rod >8* 
Fuel Rods, ft/sec 16.8 Worth, %· 
Avg Mass Velocity 

106 Shutdown Boron, No ** 
lb/hr-ft 2

' 2.68 x 
Rods, Clean,· Cold, 1470 ppm 

Nominal Core Shutdown Boron, No ** 
Inlet Temp, OF 553 Rods, Clean, Hot, opm 1600 

Avg Rise in 
60 

Boron Worth, Hot, 
-0.13 x 10-3 

Core, OF % 6k/k/ppm 
Norn Hot Channe.l 

645 
Boron Worth, Cold, -0.17 x 10-3 

Outlef Temp,. °F % 6k/k/ppm 
Avg Film Coeff, · Full Power Moderator (O to -2) x 10-4 
Btu/hr ft 2

, °F 6150 Temp Coeff, 6k/k/°F 
Avg Film Temp Moderator Press (0 to +2) x 10-6 
Diff .. °F 34 Coeff, 6k/k/psi 
Active Heat. Trans 

44,900 
Moderator Void Coeff 

(0 to -l.b)xl0:3 Surf Ar .. ;oi, ft 2 tik/k/% Void 
Avg H_eat Flux, 

204,800 
Doppler Coefficient, 

(-1 to -1.8)x10-S Btu/hr ft 2 6k/k/°F 
Max Heat Flux ** Shutdown !1argin, Hot 

1 Btu/hr ft 2 548,740 One Rod Stuck_% tik/k 
Avg .Thermal ** Burnable Poisons, Boric acid in 
.Output, kw/ft 6.9 Tvpe and Form c~"1~..;1-
Max Thermal ** Number of Control 
Output, kw/ft 18.5 ·Rods 385 
Max Clad Sur-

657 
Ntunber of Part-Length 

face Temp,. °F Rorls (PLR) None 
-Nu. Coolant 

Lo ups 2 * Table 3.2-1. 
** S_upplement No. 1 Compiled By: Fred Heddleson 

Date: December 1970 
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Pai>E> 2 PWR 

Reactor: Arkansas One, 112 

c. SAFETY-RELATED·DESIGN CRITERIA 

Exclusion Distance, Mi. 0.6S rad. Design Winds in mph: 

Low Population Zone Dist., Mi. At 0 - so ft elev 80 mph @ 30 ft, 
based.on ASCE 

Metropolis , Distance Population so - lSO ft Paper 3269 
Little Rock, Ark. S7 128,929. 

Design Basis Earthquake. lSO - 400 ft 
· Accel., g 0.20 

Operating Bas is. E"arthquake 
0.10 Tornado 300 mph tangential +60 mph 

·Acee!'., G 
transverse 

Earthquake Vertie~!- Shock, 
66 f),p = 3 psi/ 3 sec 

% of Horizontal 

Is intent of 70 Design Criteria satisfied? Appendix lB gives response on 
conformance. 

D. , ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, If va:).ue wa~ given, it Calculated Max 
S4 psig could not be found. Internal Press, psig 

Max Leak Rate at 
0 .. 1 

Design Press, %/day 

T;ipe of Construction: Containment is a fully continuous reinforced concrete struc-
ture in the shape of a cylinder·with a shallow domed.roof and a flat foundation 
slab. Cylindrical-portion is prestressed by a post-tensioning system consisting 
of horizontal and vertical tendons. Dome has a 3-way post-tensioning system. 
Foundation slab is reinfo~ced ~ith high-strength reinforcing steel. A welded . 
steel liner is attached to the inside face of the concrete shell to ensure a 
high degree of leak-tightness. 

Design Basis: Designed for all credible conditions of loading, including normal. i' loads, test loads, loads dut:! t_o LOCA, and environmental loads such as wind, tornado, 
earthquake, etc. The 2 critical loads are LOCA and earthquake. Containment must 
maintain integrity in either 
limit;s. 

case with radioactive ·leakage less than AEC allowable 

Vacuum Relief Capabilit}'.: .. Supplement 1, P· 6 13 Designed for 2 psig external 
pressure. Pressure relief valves open at 1. S-in. water pressure differential. 

Post-Construction Testing: One leakage-rate test will be run after completion at 
100% of design pressure, Continued leakage monitoring will not be done. Contain-
ment will be. strength-tested at 11S% of design pressure. 

l:'enetrations: Electrical penetrations are double-sealed and testable. All othere · 
are single barrier. None use .water seals. 

Weld Channels: Liner seam welds will first be tested with a vac.uum box and soap 
bubbles at 8 psi. After successfully· passing this test, welds will be covered with. 
test channels and pressure tested for lS minutes with no drop in pressure. 
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a2e '• P 3 PWR 

Reactor: Arkansas One, 112 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEral Slstem: Two. 50% spray systems supply borated water to cool and 
reduce pressure in containment. System is designed so that with one pump (1750 gpm 
@ 225 psi), one set of spray nozzles, one shutdown cooling heat exchanger, and 1/2 
of containment cooling system in operation, adequate cooiing is provided. Pumps 
take suction initially from the refueling water tank, and later from the contain-
ment sump. ' 

Containment Cooling: Normal ventilation system uses cooling units and removes 
'heat from equipment and piping. A separate system purges area with fresh air. 
Cooling system uses fan-cooled units with chilled water as heat-removal medium, 
discharging cooled air t,h.rough ducts for better distribution in the equipment area. 
Also, air will circulate through the reactor cavity. 

Containment Isolation Slstem: Initiated by the automatic containment-isolation 
signal or by .a separate manual signal. The s.ystem closes all penetrating li.nes not 
required for operation of Engineered Safety Features, to minimize lea,kage of radio-
active materials to the environment. All valves can be manually operated from the 
control room, where position-indicating lights are provided. Isolation valves 
have 5 classifications dependin2 upon use. 

Containment Air Filtration: Found no reference. 

Penetration Room: Two rooms show in Fig. 1-3 on a lower floor plan. 

Organic-Iodide Filter: No reference found. 

Hydrogen Recombiner: . Supplement 1, p. 566 - A purge system will be used (670 
cu ft/hr) discharging through filters and plant vent, 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: There are four tanks each holding 6375 gallons of borated 
water w·nich dump immediately into the reactor vessel when operating oressure drops 
to 215 psig. Tanks are pressurized to 250 psig design press with rti trogen gas. 
As reactor pressure drops to the pressure of the injection tanks, check valves 
open automatically to dump the contents. Each tank is connected. to one of the 
four safety. injection nozzles. 

-- --· 

High-head Safetl Injection: Low-pressurizer-pressure signal or a high-containment 
pressure signal start the high-head and low-head pumps. Three high-pressure pumps 
are available (300 gpm@l750 psig), one of which has sufficient capacity to carry 
out its operation to prevent fuel and cladding damage and to limit metal~water 
reaction to less than 1%. Two redundant systems are provided. In case of power 
failure, one system .can run from power supplied by emergency diesel-generator set. 
Suction is taken fir.,;t from the borated water of the refueling water tank. When 
this supply· is gone, water is recirculated from the containment sun~. 

Low-head Safetl Injection: Low-head pumps are started by the same sig.nals that 
start the high-head pumps. One low-pressure header and two pumps comprise this 
system along with the required accessories. One pump can supply 3250 gpm @ 500 
psig of borated water from the refueling water tank. In long-term cooling, the 
low-head pumps are shut off. This system can be cross-connected into the injec-
tion header for the containment spray system, making the low-head pumps available 
for containment spray, or con·tainment spray pumps for low-head system. 

-· 
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P 4 PWR a~e 

Reactor: Arkansas One, 112 

E. OTHER SAFETY-RELATED FEATURES 

Reactor.Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability - See page 3, D3. 

Containment Floodabilitx - Reactor cavity can be flooded, but no reference 
found saying Containment can be flooded. 

Reactor-Coolant Leak-Detection Sxstems: Methods are provided so operator can de-. 
tect leakage early enough to take preventive action. These methods are: Measure-
ment of increasing pressure or temper_ature, high flow to sumps indicated by sump 
monitoring, liquid level in pressurizer, and high flow of makeup liquid to the 
coolant system. If excessive leakage is indicated, the plant will be shut down 
for remedfal action~ 

Failed-Fuel-Detection Slstems: Quote from page 7-28 of PSAR. 

7.8.4.5 Failed Fuel 

The failed-fuel radiation monitor will consist of a single channel with provisions 
for automatic control. 

Emergencx Power: Two full-capacity diesel-generators supply power to two in-
dependent Engineered Safety Features buses. Either generator can suppl,y sufficient 
.power to shut down the reactor in a safe condition. In case of incident, essential 
loads will be automatically energized in a predetermined sequence with sufficient 
intervals between each to allow for load pickup. Total required loads in DBA will 
be less than capacity of one diesel-generator (2750 kw). Seven days' fuel storage 
will be provided. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid dissolved in coolant. 

Part-Length Control Rods - None. 

In-Core Instrumentation - In-core monitors provide information on neutron 
flux distribution. 

Unborated Water Control: Because of. the equipment and controls and the adminis-
tration pro"cedures provided for the boron~dilution operation, the probability of 
erroneous dilution is considered very small. Nevertheless, if an unintentional 
dilution of boron in the reactor coolant does occur, numerous alarms and indica-
tions are available to alert the operator to the condition. The maximum reactivity 
addit.ion due to the dilution is slow enough to allow the operator to determine the 
cause of the dilution and take corrective action before shutdown margin is absorbed 

Long-Term Coolin8 ~ Internal or External Slstems: For long-term cooling, borated. 
water is pumped from t_he containment. sump and recirculated to the reactor to keep 
the core flooded. Recirculation is automatically initiated by low water level in 
the refueling water tank. This signal also shuts down the low-head safety injec-
tion pumps. During recirculation, although the low-head pumps are normally shut 
down, they may be aligned to take suction from the sump and discharge to either 
the shutdown heat exchangers or the reactor vessel. Or, if desired, ·the low-head 
pumps can discharge to the containment-spray headers. 
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P 5 PWR 

Reactor: Arkansas One, 112 
F. MISCELLANEOUS 

Winds2eed, Direction Recorders, and Seismogra2hs: Wind direction and speed have 

been measured since May 1969 at 30-ft level. Seismograph not mentioned. 

Plant 02erating Mode: Reactor power adjusted in _response to turbine load demand -
load-following. 

S.ite Features: The plant is located on a peninsula on the left bank ot the Dard-
anelle Reservoir on the Arkansas River, about 7 river-miles upstream from the dam. 
The site consists of 1100 acres and is relatively flat with a grade of. 353', about 
15 ft above the normal reservoir level. Max possible flood is calculated to run 
to 361'' in which case the plant would be shut down. This max flood is estimated 
on the basis of failure of the Ozark Dam. Area surrounding the plant is hilly to 
mountainous. Population within 2 mi of the plant _is 810, and within 5 mi radius 
population is 8400. For.es ts cover nearly all the land surrounding the plant with-
in a 5 mi radius. The nearest sizable city is Hot Springs, Ark., which is 55 mi 
away with a population of 37,300 (1960). 

Turbine Orientation: Turbine centerline is <vl90 ft from rP.Actor center.Line. 
Rlades ejected from turbine could hit containment. 

Emergency Plans: Procedures will be prepared and personnel will be trained in their 
responsibilities. Conuuunicat:ion equipment and monitoring equipment will be avail-
able for portable use during emergencies. Outside groups such as State Police, 
local. sheriff's offices, Civil Defense, and medical personnel at Little Rock and 
Fort Smith hospitals have been contacted and will cooperate. Evacuation plans for 
close-in residents are being prepared. 
Environmental Monitoring Plans: There will be two objectives: 1) determine present 
levels of background radioactivity in the plant environs (preoper.ational), and 2) 
determine the effect of operation.of the nuclear units on the environment (opera-
tional phase) • These programs will be carried out for the air environment, water 
environment, and land environment.· Air particulates will be collected on filters 
at points up to 20 miles from the plant. The Dardanelle Reservoir, ground water, 
potable water, sediments, and biota in the reservoir will be collected. Biota in-
elude fish, mollusks, algae, and underwater plants, Samples of soil, food crops, 
vegetation, and small land animals will be collected and analyzed. 

Radwaste Treatment: Process treats all radioactive liquid wastes, solid wastes, 
-and gaseous wastes. System designed to process effluent with an activity level 
based on 1%- defective fuel elements. Basic processh1g methodo are storage, .filtra-
tion, and conceuLLation. ::iolid wastes are compacted in drums· for offsite disposal. 
Wastes released from the system will be well below limits of 10CFR20~ or they will 
be held for a longer period. In addition, a boron management system uses reconcen-
tration for recovering boron from the liquid effluent. 

Stack Height - Could not: determine. 

Waste Heat S~stem: Closed-loop system is used with one wet cooling tower, probably 
hyperbolic. An emergency cooling reser~oir is provided near the cooling tower. 

-Makeup water can be supplied t:O the cooling-to~er basin by pumping from the Dard-. 
anelle Reservoir or by taking it from the emergency cooling reservoir. Makeup 
pumps are located in the Unit l :1.ntake canal, and !Jlowdown is discharged into the 
Unit 1 discharge can.al. Makeup water for Unit 2 will be 22,500 gpm, with about 
9,000 gpm being returned to the reservoir .. Unit 1 has a once-thru cooling aystelil 
using 765,000 gpm. 

, 
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Page fi 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Arkansas lludear One, Unit 2 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET NO. 50-368 ------
OUTPUT, MWt ..... _2_16_0 __ ------
NEARBY BODY OF WATER Dardanelle Reservoir of 

the Arkansas River 

SIZE or SITE 1100 ACRES 

TOPOGRAPHY or SITE Flat 

NORMAL LEVEL 

MAX PROB FLOOD LEVEL 

SITE GRADE ELEVATION 

338 1 (MSL) 

361 1 (MSL) 

353 1 (MSL) 

-----------------------------~ OF SURROUNDING AREA. (5 HI RAD)-•H•i•l-ly"--t•o....,M_o_u_n_t_a_i_n_o_u_s ____________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 678 ( 1970) IN 5 MI RAD 37;rn ( 1970) 
NEAREST CITY OF 50

1
000 POPULATION __ H_o_t_s_p_r_i_n_g_s_,_A_r_k_an_s_a_s __________ __ 

DISTANCE FROM SITE 55 MILES POPULATION 37,286 (1970) 

LAND USE IN 5 MILE RADIUS Wooded ---------------------------*River flow 4,000cfs min to 683,000 cfs max during flood 

CIRCULATING WATER SYSTEM TYPE or SYSTEM 

WATER TAKEN FROM Dardanelle Reservoir 

Closed loop using cooling tower 

FOR Makeup 

WATER BODY TEMPERATURES - WINTER AVG - r SUMMER AVG - r AVG - r --- ----
RI VER FLOW (cfs) avg. *QUANTITY OF MAKEUP WATER Y>l2 ,000 (gpm) 

*TOTAL FLOW THROUGH CONDENSERS "'420 ,ooo (gpm) TEMPERATURE RISE r 
*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) *Per Unit 

COOLING TOWERS 3/22/71 tower design not complete. If natural-draft towers 

OTHER INFORMATION 
are used, three will be installed. 

-----...------------------------------------------

NUCLEAR SAFETY INFORMATION CENTER 
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McGUIRE, 50-369 & 50-370 (PWR) Page 1 

Project· Name: McGuire Nuclear Station Reactor: McGuire 
Units 1 and 2 A-E: Duke Power Company 

Location: Lake Nonnan, N. C.* Vessel Vendor: Not stated 
Owner: Duke Power Company Docket No.: 50-369' 50-370 
NSS Vendor: Westinghouse Containment Constructor: Duke Power 
* Mechlenburg County responsibility 

A. THER..'1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3411 H20/U, 3.48 MWt Cold 
Electrical Output, 1180 Avg 1st-Cycle 

14,000 MWe Burnup, MWD/MTU 
Total Heat Output fo.r 3582 First Core Avg 

25,500 Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 11,640 x 106 Maximum Burnup,MWD/MTU 50,000 Btu/hr (Eauilib) w 
System Pressure, 2250 Region-1 2.25 psia Enrichment, % 
UNJ:lK, 1.88 Region-2 

2.80 Nominal Enrichment, % 
Total 1'".Low rate, 138. 4 x 106 Region-J 3.30 lb/hr Enrichment, % 
Eft Flowrate for 132. 2 x 106 keff, Cold, No 

1. 225 Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 51.4 keff• Hot, Full Power 1.148 Heat Trans, ft 2 Xe and Sm 
Avg Vel A.Long 16.3 Total Rod ---Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.58 x 106 Shutdown Boron, No 

< 1500 lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 557.5 Shutdown Boron, No 

< 1500 w Inlet Temp, OF Rods, Clean, Hot, ppm -
Avg Rise in 63.7 Boron Worth·, Hot, 

< 700 w Core, OF % llk/k/ppm -
Norn Hot Channel 648 Boron Worth, Cold, 

< 1200 ~ Outlet Temp, OF % llk/k/ppm 
Avg Film Coeff, 6000 Full Power Moderator 

(+0.04 to -3)x1Q-4 Btu/hr ft 2, °F Temp Coeff, t:.k/k/°F 
Avg Film Temp 36.2 Moderator Press 

(-0.4 +3) xlQ-6 Diff, OF Coe ff, "llk/k/psi to 

Active Heat·Trans 52,200 Moderator Void Coeff 
(+0.5 -2. 5) xlO-Surf Area, ft 2 t:.k/k/% Void to 

·---- -·--·-
~Avg Heat Flux, 217,200 Doppler Coefficient, 

(-1.0 to -2.0)xlQ-5 Btu/hr ft 2 llk/k/°F 
Max Heat Flux 579,600 Shutdown !1argin, Hot 
Btu/hr f t 2 One Rod Stuck.% llk/k w 1 -
Avg Thennal 7.0 Burnable Poisons, w Borated glass 
Output, kw/ft Type and Form - tubes in SST 
Max Thermal 18.8 Number of Control 

1060 Output, kw/ft Rods ';1 x 20 ·---..... ._ ............. _,.-.,,.. ......... ~ ' ... 

Max Clad Sur- 657 Nmnber of Part-Length 160 
face Temp, OF Rods (PLR) 8 x 20 
No .. Coolant 4 
Loops 

W - Information obtained from Westing- Compiled By: Fred Heddleson -
house Ref. Safety-Analysis Report Date: January 19 71 
(RESAR). 
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C. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. 0.47 rad. 

Low Population Zone Dist., Mi. 5.5 

Metropolis 
Charlotte, N.C. 

Distance 
17 

Population 

239,049 (70 
Design Basis Earthquake 
Accel., g 

Operating Basis Earthquake 
· Accel., G 

Earthquake Vertical Shock, 
% of Horizontal 

0.12 

0.06 

66 2/3 

Is intent of 70 Design Criteria satisfied? 
throughout all sections of PSAR. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 
psig 

15 

P<100 2. PWR 
Reactor: McGuire 

Design Winds in mph: 

Wind loads will be based upon ASCE 
Paper 3269 using 95 mph as the fastest 
mile (Sect. 5.2.3). 

Tornado - 300 tang. + 60 trans. 

l!P = 3 psi/ - sec 

Apparently so; described in detail 

Calculated Max 7.8 in upper 
Internal Press, psig comoartment 

Max Leak Rate at 
Design Press, %/day 

0.2 After LOCA, initial peak press is 9.1 psi~ 
in lower compartment [Fig. 14-5-12 (12.5 1sig)] 

Type of Construction: Reactor building is cylindrical reinforced concrete (3' thk) 
~ith shallow dome roof on a flat circular foundation slab. Inside this structure, 
allowing for a 5' wide annulus, is the steel shell containment vessel. The annulus 
~pace is used for ice storage for the Ice Condenser System of containment • 

. I?..~~-~.B.?. ... ~~2is: Designed to withstand all credible loads, including a LOCA for the 
argest sized pipe as well as seismic loads without loss of integrity. Nor shall 
eakage of radioactivity exceed AEC limits that would threaten public safety. 

Vacuum Relief Capability: No reference found. 

Post-Construction Testing: After the initial structural press. test of the shell, 
he leakage-rate test will be run at 15 psig. Periodical leakage-rate tests will be 
conducted during the life of the reactor to verify leaktightness. 

Penetrations: Electrical penetrations are double~sealed and testable - so is the 
20•· diameter equipment hatch. The Fuel-Transfer penetration is double-sealed. All 
other penetrations are single-sealed'. 

Weld Channels: Weld channels are used over all seam welds in the 1/4" bottom 
liner plate. Channels have pressure taps for testing (Fig. 5.5-1). Apparently, 
bottom-liner-plate seams are the only application for channels. 

•, 
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Paize 3 PWR 

Reactor: McGuire 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: Two independent systems, each having 1 pump, 1 heat 
exchanger, and 2 spray headers. Systems first use water from the refueling water 
storage tank, until it is empty,· then from the containment sump in a recirculatlon 
mode. One system can deliver design flow to hold containment pressu"te below design 
limit after all ice has melted and steam generation continues in the cor·e · Pump 
capacity is 3400 gpm @ 300 psig. Heat ex~hanger capacity is 8.6 x 107 Btu/hr. 

Containment Cooling: Two systems ~re requirea, one ror upper comparLmenL anu un~ 
for lower. Upper system consists .. of four recirculating fan-c.oil units with filters 
ducts, etc. Three units operate and one is in standby for maintaining 110 F max 
during operation and a min of 60 F otherwise. Lower system has four units (3 oper
ating, 1 standby), maintaining temperature between 60 F and 120 F. 

Containment Isolation System: Initiatea oy ~ psig in conLainmenL, to limit leakage 
thru all fluid penetrations not serving· accident-consequence-limiting systems. Two 
valves on each line close automatically (1 inside containment, 1 outside). All re
motely operated valves have position indication in the control room. Isolation 
valves on penetrations directly to containment close· also on a high-radiation 
sie:nal. 

Containment Air Filtration: Annulus ventilated by two 100% cap. fans with air 
·passing thru moisture separator particulate filter, absolute filter, and fire
resistant charcoal filter. Annulus maintained at 0.5 inches of water pressure. 

Penetration .Room: Yes - at 3 levels for mech. and two levels for electrical. .. 

Organic-Iodide Filter: None mentioned. 

Hydrogen Recombiner: None mentioned. Sect. 14 states that 6778 SCF of hydrogen 
would be generated in the 24 hr after LOCA. This is 0.5% of containment volume. _!'.! 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks each with 6400 gal. of borated water and pres
surized to 650 psi operating pressure with nitrogen gas are ready to dump their 
contents into the reactor when reactor pressure drops below 650 psig. Two check 
valves in series are the only operating parts. Each tank discharges into one of 
the reactor-coolant system cold legs. _!'.! 

High-head Safety Injection: Safety Injection System is started by an 'S' signal, 
which is developed from an abnormal condition in the pressurizer pressure or level, 
T avg, main steam press or flow or the differential press., and the containment 
press. When the 'Injection Signal' is given, 3 sets of pumps start - 2 each of 

.centrifugal charging pumps, safety injection pumps, & residual~heat-removal pumps. 
Charging pumps iilject concentrated boric acid first and then borated water from the 
refueling water storage tank (150 gpm@ 2800 psig). Safety injection pumps deliver 
400 gpm@ 1700 psig from· refueling water storage tank into the 4 hot legs. .!i 

Low-head Safety Injection: This service is supplied by the Residual-Heat-Removal 
·pumps, which start to deliver borated water from the refueling water storage tank 
when reactor pressure drops to about 170 psig. These pumps are rated 4500 gpm @ 
600 psig. After an incident when the Safety Injection System is started, if all 
water in the refueling water storage tank is used, the residual-heat-removal pumps 
are then switched to the recirculation mode and water is circulated through the 
reactor from the containment sump. .!i 
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aize . P 4 PWR 

Reactor: McGuire 

E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: Not a credible accident. w -
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilit1 -

Reactor-Coolant Leak-Detection Sl:'.stems: Leakage will be measured by monitoring air· 
particulate activity, by a containment gas monitor, by observation of amount of 
makeup water for the pr~ssurizer, by measureme~t of temperature increase in con-
trolled leakage lines, by other methods using direct observation. A certain amount 
of leakage will be allowed thru seals and joints expected to leak. If leakage ex-
ceeds 1 gpm.,,and cannot be identified, the reactor will be shut down. If it is 
identified, ~ leakage of 10 gpm will be allowed before shutdown is required. w ·-
Failed-Fuel-Detection Sl:'.stems: Could not find a reference to fuel-failure 

detection. 

Emergencl:'. Power: I{ normal power supply becomes unavailable, power will then be 
taken from other off-site sources. However, if. no off-site power can he: obtained 
diesel~generator sets could furnish on-site emergency power. Two redundant and 

·i'ndependent diesel-generators and associated distributions systems can supply the 
required power for orderly shutdown. Each diesel-g~nerator unit, separately 
housed, has fuel supplied in underground tanks to run the unit for 7. days. Genera-
tors are rated 4375 KVA. Each unit has an independent air starting system which 
can provide at least two fast starts . 

. Control of Axial Xenon Oscillations: 
·.w Burnable Shims - Borated glass tubes contained within 304 SST tubular 

cladding. 

Part-Length Control Rods - Yes, 8 RCC. 

In-Core Instrumentation - Thermocouples, and fission-chamber detectors to 
measure temperatures and neutron flux distribution. 

Unborated Water Control: Only one supply of makeup water is available to the 
coolant system. Inadvertent dilution can be quickly terminated by closing the. one 
valve on the supply line. To dilute, two separate operations are required - opera-
tor must switch from automatic makeup ni9de to the dilute mode, and the start button 
must be depressed. Omitting either step prevents dilution. In case of error, ther 
is ample time for the operator to recognize the high-count-rate signal and terminat1 
manual dilution. w 

Long-Term Cooling - Internal or External sis tems: ~ Recirculation loop of core-
cooling system maintains core cooling during long-term postaccident r·ecovery by 
operation along with Containment Cooling System. From the PSAR•Containment Spray 
System, along with melting ice, provides long term cooling. The conta.inment spray 
can operate for a long time circulating borated water from the containment sump. 



245 

Page , p 5 WR 
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F. MISCELLANEOUS Reactor: McGuire 

Windseeed, Direction Recorders,. and Seismograehs: Data on wind has been collected 
since November 1969 with a tower 1)). I high, top at-elevation 901'. 

Plant Oeerating Mode: Load-following. 

S.i te Features: Site grade is 760' with plant located on Lake Norman very near the 
Cowans Ford Dam. Lake levels vary from 735"' to a max. of 760'. The land owned by 
Duke Power is about 30,000 acres. Site topography is rolling, although surrounding 
areas are hilly. Population in a 2-mi radius is 342, and in 5-mi 1490. Land use 
in a 5-mi radius is about half agricultural, and the remaining land is covered with 
forests. High wind, hail, and lightning can accompany summer thunderstorms, and 
_dissipating hurricanes can effect the site. Seismology of the site is suitable for 
a nuclear power plant. 

Turbine Orientation: Centerlines of turbines are perpendicular to the common 
centerline of reactors. Ejected bladei; <.:uuld not strike containment except by 
'1"f1"r-f"inn 

Emergencl Plans: Detailed procedures will be prepared and presented in the FSAR. 
Station personnel will be trained and their responsibilities outlined for emergency'. 
situations. 01.1tsi.de agencies w;i.11 be made familiar with the plant and areas where 
they could assist. Situations covered will include fire, vehicular accidents, 
natural disasters, medical injury or illness, radiation and contamination, civil 
disturbance and reactor accidents. 

Environmental Monitoring Plans: Since 1963 a water-quality and thermal-behavior 
program has been conducted using Marshall Station to evaluate the effect of warmed 
effluent discharged into Lake Norm·an. The biological parameters studied are - fish 
movement, fish distribution, fish breeding, benthic organisms, plank tonic organisms, 
and·periphyton accumulations. These studies provide base-line data for McGuire 
design. An Environmental _Radioactivity Monitoring Program will be put_ into effect 
at least one year before operation. Air and water samples will be collected and 
counted for gross alpha and beta activity. Measurements of gamma dose and dose 
rate will also be made. Water will be analyzed for tritium. 

Radwaste Treatment: Gaseous waste disposal systems collect, hold up as necessary, 
filter, monitor, release, and record the gaseous effluent from the station. Liquid 
waste disposal systems provide for collection, storage, treatment, monitoring, dis-
posal, and recording of liquid wastei;. Solid radioactive wastes are stored, 
packaged, and shipped off-site. 

Stack Height - Vent.stack from roof at elevation 902'. Containment top is 904'. 

Waste Heat Slstem: -A once-thru system takes cool hypolimnetic water from low 
depth of the lake, circulates it thru the condensers and returns it to the lake. 
The flow at Cowans Ford Dam is 2670 cfs. No data on flows thru condensers or con-
denser heat removal capacity is given in PSAR. The intake structure was built at 
the time Cowans Ford was built. The intake is concrete and will·be 112 ft sub-
merged. Most of the cooling water will be taken in here. Another intake, sub-
merged 40 ft, will supply the remaining water needs. 
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Page 6 

REACTOR NAME McGuire Nuclear Station 

1 and 2 

THERMAL TYPE or NUCLEAR 

STEAM SYSTEM PWR 

DOCKET HO. 50-369 

OUTPUT, MWt 3411 -----
NEARBY BODY OF WATER Lake Norman in North. NORMAL LEVEL 

MAX PROB FLOOD LEVEL Carolina 

SIZE or SITE 30 ,ooo ACRES SITE GRADE l:LEVATIOU 

50-370 

760' (MSL) 

7&4 I (MSL) 

760 I (MSL) 

TOPOGRAPHY OF SITE __ .:.;R-.o_,11;;;,;i;.;.n-.. _____________________ _ 

or SURROUNDING AREk ( 5 MI RAD) Hill 
_.....,. .... __________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD ~ ( 1970) IN 5 MI RAD 1!i.2.Q ( 1970) 

NEAREST CITY. OF 50 .ooo POPULAT.ION Charlette, North Carolina 

DISTANCE FROM SITE l.7 MILES POPULATION 239,047 (1970) 

·LAND USE IN S MILE RADIUS Agricultural-SS%, Wooded the balance 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 

WATER TAKEN FROM · Lake Norman 
-----------------~ 

FOR Condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG - r SUMMER AVG - r AVG - F - - -
RIVER FLOW 2 ,670 (cfs) at Cowans '~QUANTITY OF MAKEUP WATER - (gpm) 

*TOTAL FLOW THROUGH CONDENSERS Ford Dam - (gpm) TEMPERATURE RISE - r 
*HEAT REMOVAL CAPACITY OF CONDENSERS - (Btu/hr) *Per Unit 

COOLING TOWERS None ----------------------------
OTHER INFORMATION Cool water taken from 112' and 40' submerged intakes, pumped 

---'.;.. 

\< ~ l\'1 0 ~ A-? ~ 
1-.. P.. - -76o'"1s1.. - ~. 

A I( F c. o o ,.. -.,· -
.--· ... ""' ... 6~· 

·~. -- -··-·-
.. ,...:~~-~:- ·-. :-:-:---· 
._,,.,-, --..,..,,..--~ . , ,, ' . ..... ~>-·.' ; . -

I 
; ·-..._,.,.. ~ .. ,.,,... 

NUCLEAR SAFETY INFORMATION CENTER 
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La SALLE, 50-373 & 50-374 (BWR) Page 1 

Project Name: La Salle County Station, 
Units. 1 & 2 

Location: Brookfield Twp.* 
Owner: Commonwealth Edison Co. 
NSS Vendor: Ge~eral Electric Company 

w60 mi SW Chicago 

A. THERMAL-HYDRAULIC 

Thermal Output, 
MWt 
Electrical Output, 
MWe 
Total Heat Output for 
Safety Design, MWt 
Steam Flow Rate, 
lb/hr 
Total Core Flow 
Rate, lb/hr 
Coolant Pressure, 
psig 
Heat Transfer 
Ar:ea, ft,2 
Max Power per Fuel 
Rod Unit Lgth, kw/ft 
Maximum Heat Flux, 
Btu/hr-f t 2 

Average Heat Flux, 
Btu/hr-f t 2 

Maximum Fuel Tempera-
ture, OF 
Average Fuel Rod 
Surf ace Temp OF 
MCHFR 

Total Peaking 
Factor 
Avg Power Density, 
Kw/i 

TX-4377 
(8-70) 

3293 

1078 

3434 

14.17 x 106 

106.S x 106 

1020 

---

18.5 

424,000 

126,910 

4380 

558 

~1.9 

2.6 

51 

' 

Reactor: La Salle 
A-E: CECO with Sargent & Lundy Assistance 
Vessel Vendor: Not specified. 
Docket No.: 50-373, 50-374 
Containment Constructor: CECO 

B. NUCLEAR 

H20/U02 Volume 2.[iS 
Ratio 
Moderator Temp Coef -5.0 x 10-S 
Cold, /:;k/k/°F 
Moderator Temp Coef -39.0 x 10-s 
Hot No Voids 
Moderator Void Coef -1.0 x 10-3 
Hot, No Voids, /:;k/k/% 
Moderator Void Coef -1. 6 x 10-3 

·Operating 
Doppler Coefficient, -1. 3 .x 10-s 
Cold 
Doppler Coefficient, -1.2 x 10-S 

No Voids Hot, 
Doppler Coefficient, 

-1.3 10-S Operating x -
InitiaI Enricnment, 
% 

1.80 

Average Discharge Ex- 19,000 
posure, MWD/Ton 
Core Average Void 74 
Within Asse1nbly, % 

keff' All Rods In ---

keff' Max Rod Out <0.99 

Control Rod Worth, No curtains. 
% 
Curtain Worth, No curtains. 
% 
Burnable Poisons, IGadolinia-urania in 
Type and Form selected fuel rods 
Number of Control 185 assemblies 
R.nrls 
Number of Part-Length None 
Rods (PLR) 

Compiled by: Fred Heddleson 
Date: Ma?;ch 1971 
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C. SAFETY-RELATED DES;lGN CRITERIA 

Exclusion ·Distance, Mi. 0.34 

Low Population Z.one Dist., Mi. 3.7 

Distance Population .Metropolis 
Chicago, Ill. ~60 mi. ~,460~000 (69) 
Design Basis Earthquake 
·Accel., g 

Operating Basis ·Earthquake 
Accel., g 

.Earthquake ·Vertical ·Shock, 
% of.Horizontal 

0.15 

0.08 

.67 

Page 2, BWR 
Reactor: La Salle 

Design Winds in psf: 

·At 0 - 50 ft 37 
50 -100 ft 43 

100 -150 ft 50 

150 - 200 ft 53 

Tornado 300 tang. + 60 trans (mph) 

t:,p = 3 psi/ 3sec 

Is intent of 70 design criteria 
Satisfied? Yes, see Section F 

Peak Fuel Enthalpy on Rod Drop: 
calculated to.be 250 cal/g. 

200 rods excee'ci 170 cal/g with max enthalpy 

Recircu.Lation Pumping System & MCHFR: Speed of recirculation pump is varie'd on 
basis of several factors so MCHFR will be held within specified limits. 

Protective System: Provides protection against consequences of conditions that 
.::...;;;...:....:...:....:~~~...__.~- threaten integrity of nuclear system process· barrier by scr.ammini 

reactor following abnormal operational transients. 

D. ENGINEERED SAFETY FEATURES 

Di. CON.TAINMENT (Ctmt) 

Drywell Design 
Press, psig 
Supprn Chamb Design 
Press, psig 
Cale Max Internal 
Press, psig 

45 

45 

34 

Prim Ctmt Leak 
Rate, %/day 
Second Ctmt Design 
Press, psig 
Second Ctmt Le.ak 
Rate, %/day 

0.5 

0.25 

100 

Type of Construction: A steel-lined prestressed-concrete pressure suppression 
system of the over and under configuration. Drywell will be located· directly above 
th.e suppression chamber in the form of a frustum of a cone. Suppression pool will 
be cylindrical and separated from the drywell by a reinforced concrete slab. 

Design.Basis: The basic objective of the primary containment system is to provide 
the capability, in the event of the postulated design basis loss of coolant accidentb 
to. limit the release of fission products to the plant site environs so that off-
site doses would be in compliance with the guidelines specified in lOCFRlOO. 

Vacuum Relief Capability: Designed for 2 ps.ig vacuum; but since primary.contain
fment will have structural capability to accommodate pressure of 5 psia, no relief 
rvalves will be installed. (Section 5.2.3.6) 

Post-Construction Testing: Will be pressure tested at 1.15 x 45 psig, and leakage 
~ate test will be run at same pressure. Leakage rate tests will continue to be run 
periodically after startup. 

· i'enetrations: Double sealed .and electrical penetrations are individually 
testable. 
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Paize 3. BWR 

Reactor: La Salle 
D2. EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling System: There are tw.o systems - high-pressure and a low-pres
sure. See HPCI below for data in the high-pressure. Low-pressure system has one 
pump rated 6350 gpm @ 125 psi discharging through a spray sparger located over the 
core. Suction for high-pressure is condensate storage tank.~nd suppression pool. 
Low-pressure system suction is suppression pool. 

Auto-Depressurization System: Acts to rapidly reduce reactor pressure 
when High-Pressure Core Spray System fails to maintain.water level. System de
pressurizes ·through nuclear system relief valves so the low-pressure standby coolin~ 
systems can operate. 

Residual-Heat-Removal System (RHRS): There are 3 modes of operation - 1) shut
down cooling, 2) low~pressure coolant injection following LOCA (see description 
below), and 3) containment cooling system that limits temperature of suppression 
pool after LOCA by circulating the water: through RHRS heat exchangers, and a spray 
system in the.drywell that removes energy after LOCA. Three pumps in this system 
have capacity of 7450 gpm and heat exchanger has 46.6 x 106 Btu/hr capacity. 

~igh-Pressure Coolant-Injection System: Maintains coolant inventory jn reactor 
VP-ssel adequate to prevent fuel clad temperature from exceeding 2700 F as a result 
of small breaks in the coolant system. This system uses one pump rated 1550 gpm @ 
1130 psid. La Salle calls it the HIGH PRESSURE CORE SPRAY SYSTEM (see above). 

Low-Pressure Coolant-Injection System: Operates· as a mode of residual heat re
lmoval system to inject cooling water directly into pressure· vessel. Three pumps can 
each inject 7450 gpm @ 20 psid to flood the core and preven't fuel cladding from ex
ceeding 2700 F .- Sucti'on is taken from the suppression pool. 

E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant System: No reference found; however, the 4500 acre cooling pond 
~ust provide an almost limitless supply of cooling water when ~eeded. 

Main-Steam-Line Flow Restrictors: Limits-.coolant blow.down rate from a steam line, 
consists of a venturi-type nozzle insert welded into the line between the reactor 
and first isolation valve. Limits fl.ow to 200 percent rateu flow. 

Control-Rod Velocity Limiters: Attached to each control rod to limit the veloc
~ty· at which a control rod can fall out of the· core should it become detached from 
its control rod drive. The rate of reactivity insertion resulting from a rod drop 
accident is limited by this action. 

Control-Rod-Drive-Housing Supports: Located underneath the reactor vessel near 
he control rod housing. The supports .li.mi.t thQ travel of a cunttol rod in the 
~vent that a control rod housing is ruptured. The supports prevent a nuclear ex
ursion as a result of a housing failure, thus protect;ing the fuel bar.r.:i_P-r.. 

Standbv Liauid-C'c)ritrol Svs tern: Provides a redundant, independent, arid· different way 
from the control rods to bring the nuclear fission reaction to subcritical:i.ty and to 
maintain subcr:i.ticality as the reactor cools. The system makes possible an orderly' 
and safe shut-down in the event that not enough control rods can be inserted into 
the reactor core to accomplish shut-down in the normal manner. 
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a2e . P 4 BWR 
Reactor: La Salle 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control System: A cooling and vent system will hold normal 
operating temperature to ~90 F. Both. drywell and suppression chamber can be purged. 
with exhausted air filtered and can be passed through the standby gas ·treatment 
system. 

Reactor Core Isolation Cooling Slstem (RCICS): Provides make-up water to the 
reactor vessel whenever the vessel is isolated. The RCICS uses a steam driven 
turbine pump unit and operates automatically in tim~ and. with sufficient coolant 
flow to maintain adequate reactor vessel water level. No further information 
could be found on Isolation Cooling System. 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilitl -

Reactor-Coolant Leak-Detection Svstems: Leakage can be detected through 
1) Drywell pressure, 2) Drywell temperature, 3) Drainage sump pump operation 
characteristics, 4)' Sampling containment air for gross Beta-gamma count. Max 
allowable leakage.has. been set at 15 gpm. 

Failed-Fuel Detection Slstems: Four gamma radiation monitors located external to 
the main steamlines just outside of the.primary containment are designed to detect 
a gross release of fission products from the fuel. Upon detection of high radia-
tion, the trip signals generated by the monitors are used to initiate a reactor 
scram and isolation of radioactive material released from the fuel, by closure of 
the main steamiine isolation valves. 

Emergencl Power: Five diesel-generator sets are avai;I.able" two for each reactor 
unit, and one ·shared. One diesel-generator can supply required power to shutdown 
one reactor·. Fuel is stored in underground tanks with capacity to run all diesels 
for 7·days. Each diesel generator is an independent unit.with all accessories so 

·that loss of.one unit will have no effect on other units. 

Rod-Block Monitor:. Designed to prevent fuel damage as a result of a single rod 
withdrawal .error under worst permitted conditions of RBM bypass. System has two 
RBM channels , each of which uses input signals from several LPRM channels. A 
.trip signal from either RBM channel can initiate a rod block. 

Rod Worth Minimizer: A ·function of the process computer that can initiate a rod 
insert block, a rod withdrawal block, or a rod select block to reinforce procedural 
controls that limit reactivity worth of control rods under low power conditions. 
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Page 5, BWR 

React cir: La Salle 

F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: On-site program is planned for 
meteorological observations. Measurements will be taken 15 ft above ground. No 
reference to seismographs found. 

Plant 0Eerating Mode: Load-following. 

Site Features: Plant located about 3 1/2 miles south of the Illinois River about 
60 miles SW of ·Chicago on a 5000 acre tract in a comparatively level area. Plant 
grade will be 710 ft (MSL). About 4500 acres of the site will be used for a large 
cooling pond with level at 700 ft. The plant will take makeup water from the 
Illinois River which has a max flood height of 488 so plant is well above floods. 
Ar.ea around site is relatively flat with most land used for agriculture. Popula-
tion is 120 in 2-mile radius and 1035 in 5-mile radius·. 

Turbine Orientation: Centerline of turbine and reactor are <v200·ft apart. 
Turbine blades from one stage, if ejected, could strike .the co.ntalnment structu.re. 

Emergenc:i::: Plans: The Generating Stations Emergency Plan establishes protective 
action levels and provides liaison with off-site support groups including Federal, . 
State and local government authorities when such levels are exceeded. Document 
reviews and control, emergency preparedness ass~ssment ano training of plant 
personnel, including periodic drills, are objectively set forth by the plan. 

Environmental Monitoring Plans: Pre-operational program will begin 2 years be-
fore counnercial fuel loading and will continue for at least 2 years after start-up. 
Preoperational phase will establish background references in aquatic and terres-
trial systems and operational phase will be useful in comparing measured levels 
with 10CFR20 guidelines.• Included will be ambient gamma radiation, airborne parti-
culates, misc. foodstuffs, surface waters, bottom sediments and organisms, peri-
phyton, well water, precipitation, soil, vegetation, eggs, milk, wildlife and fish. 
The program will be coordinated with local, state, and federal agencies. 

Radwaste Treatment: Designed to process wastes generated during power operation, 
liquid, solid, or gaseous. The gaseous wastes are tre·ated and discharged to the 
atmosphere. Most of Lh~ liquid waste is purified, .with the water portion being re-
cycled to the plant and the solid waRtP. h~rrelQd. A fraction uf the liquid water 
waste, with very low activity levels, after treatment, is diluted in the discharge 
system. Concentration of radioactivity in discharges is.as low as practicable and, 
always, is well below regulatory limits. Wet and dry solid wastes are drumed and 

Stack Height - 300' reinforced concrete. shipped off-site. 

Waste Heat s:i:::stem: A 4500 acre cooling pond will be used. Flow through condenser 
of each unit will be 645,000 gpm, taken from the cooling pond and returned there. 
Makeup ~or losses will come from Illinois River, whose average flow· is 10 ,680 cfs. 
Condenser heat removal capacity is 7609 x 106 Btu/hr. Water temperature will be 
raised 24 F in passing through condenser. 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME La Salle County Station 

THERMAL 

OUTPUT, MWt 3293 

TYPE or NUCLEAR 

STEAM SYSTEM BWR ------
DOCKET NO. 50-373· 

50-374 

NEARBY BODY OF WATER Il.1.inois River ( 3 1/2 mi) NORMAL LEVEL 483 ( MSL) 

MAX PROB FLOOD LEVEL 488 (MSL) 

SIZE or SITE 5000 ACRES SITE GRADE ELEVATION 710 (MSL) 

.TOPOGRAPHY or SITE __ n_a_t _________________________ _ 

OF SURROUNDING AREA (5 MI RAD) Flat, except for hills along the river 

TOTAL PERMANENT POPULATION IN 2 MI RAD 120 (1975) IN 5 MI· RAD 1035 (1975) 

NEAREST CITY OF 50,00Q POPULATION Joliet, Ill. 
___ ._..:;.,_.. ___________________ _ 

DISTANCE FROM SITE · 36 MILES POPULATION 75 ,200 (1969 ) 

LAND USE IN 5 MILE RADIUS Agricultural -----------------------------------
CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed cycle using cooling pond 

WATER TAKEN FROM Cooling pond 
_______ ;...;. ________________ _ 

FOR condenser cooling 

WATER BODY TEMPERATURES - WINTER AVG - r SUMMER AVG - r AVG - F 

RIVER FLOW 10,680(cfs) avg. '"QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS 645 ,ooo (gpm) TEMPERATURE RISE 24 r 
*HEAT REMOVAL CAPACITY OF CONDENSERS 7609 X 106 (Btu/hr) *Per Unit 

COOLING TOWERS None ----------------------------------
OTHER INFORMATION Makeup water for the system is taken from Illinois River 

us 
!?CUT/! lf:6 

i ........ ·. 

~~~.:.._~~---::::::::::. 

NUCLEAR SAFETY. INFORMATION CENTER 

-··---
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AGUIRRE, 50-376 (PWR) Page 1 

Project Name: Aguirre Nuclear Unit 1 Reactor: Aguirre 
A-E: Gibbs & Hill 

Location:Southern Coast of Puerto Rico Vessel Vendor: Not specified 
Owner: Puerto Rico Water Resources Docket No.: 50-376 
NSS Vendor: Westinghouse* Containment Constructor: Burns & Roe 

Construction Management 

A. THEIU1AL-HYDRAULIC 
, 

B. NUCLEAR 

Thermal Output, H20/U, 
15 (T 1.4 1) 

1785 3.85 (T3.2.l-l) 
MWt Cold 
Electrical Output, 614 Avg 1st-Cycle 1.5' 200 MWe Rurnup MWD/MTU 
TotarHeat Output for 1865 First Core Avg 25,900 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 6075 x 106 Maximum Burnup, ---
Btu/hr MWD/MTU 
System Pressure, 2250 Region-! 2.27 
psia Enrichment, % 
!JNJ:IK, 1.94 Region-2 3.03 
Nominal Enrichment, % 
Total Flow rate, 66.3 x 106 Region-j 3.40 
lh/hr. Enrichment, % 
Ett Flowrate for keff, Cold, No 1.237 ---
Heat Trans lb/hr Power, Clerin 
Eff Flow Area for 27 .o keff• Hot, Full Power 1.131 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 14.9 Total Rod 7.48 
Fuel Rods, ft/sec Worth, % EOL HFP 
Avg. Mass Velocity 2 . .37 106 Shutdown Boron, No 1671 x 
lb/hr-fl: 2 Rods, Clean, Cold, ppm 
Nominal Core 552 Shutdown Boron, No 1615 
Inlet Ti:mp, OF Rods, Clean, Hot, ppm 
'Avg Rise .in 69.3 Boron Worth, Hot, 1/120 
Core, OF % llk/k/ppm 
Norn Hot Channel --- Boron Worth, Col.a, 1/95 
Outlet Temp, OF % llk/k/ppm 
Avg Film Coeff, --- Full Power Moderator (+o.3 to -3.5)10-~-Btu/hr ft 2, °F Temp Coeff, 6k/k/°F 
Avg Film Temp --- Moderator Press (-0.3 to +3.5)10-6 
Diff, OF Coeff, /\k/k/psi 
Active Heat Trans 

28' 715 Moderator Density Co- -. in to +.30 
Surf Al·.,,., ft 2 eff ·t:.k/k/g/ cm 3 

Avg Heat Flux, 206,100 Doppler Coefficient, (-1.0 to 1.6)10- 5 
Btu/hr ft 2 6k/k/ 0 F. 
Max Heat Flux 579,600 Shutdown ~1argin, Hot 

1.0 Btu/hr ft 2 One Rod Stuck, i. 6k/k 
Avg Thermal 6.7 Burnable Poisons, 704 Borosilic~te 
Output, kw/ft Type and Form glass rods in SST 
Max Thermal 18.8 Number of Control 464 Output, kw/H Rods 29 x 16 
Max Clad Sur- 657 - Number of Part-Length 64 
face Temp, OF Rods (PLR) 4 )( 16 
No. Coolant 
Loops. 

·- , .... ~--

2 

*Applicant has contracted with Westing- Compiled By: Fred Heddleson 
house for a turnkey job. All contract- Date: March 1971 
ors report to Westinghouse. 
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Pao<> 2. PWR 
Reactor: Aguirre 

c. SAFETY-RELATED DESIGN CRITERIA 

Exclusion Distance, Mi. Could not find Design Winds in !!_!Eh: 

Low Population Zone Dist., Mi. --- At 0 - 50 ft elev Designed for 200 

Metr'opolis Distance Population 
mph sustained wind 

50 - 150 ft with a 1.3 gust 
Ponce 25 mi. 195,000(70) factor in accor-
.Design Basis Earthquake 150 - 400 ft 

dance with ASCE 
Accel., g 0.2 Paper .3269. 

Operating Basis Earthquake Tornado 
Accel., G 0.1' 

Earthquake Vertical Shoc.k, ' fj,p = psi/ sec 
% of Horizontal 66 

Is intent of 70 Design Criteria satisfied? Yes, Appendix I states. that plant has 
been designed and will be constructed and operated in accordance with intent of 
proposed criteria. ' 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

·Design Press, 41.4 Calculated Max 46 
psig Internal Press, psig 
Max Leak Rate at 0.25 
Design Press, %/day 

Type of Construction: The shield building is a reinforced-concrete structure of' 
right cylinder configuration with a shallow dome roof. There is a 5-ft 'annular 
space between the inside of the 2.5-ft thick shield building and the 1 1/2-in. 
thick (approx.) containment vessel. Both of these structures will be supported 
on a concrete foundation founded on sandstone. 

·Design Basis: Designed to provide protection for the public from the· consequences 
of a LOCA so that containment will withstand the resulting pressure and temperature 

.with no breech of integrity that would allow leakage of radioactivity in excess of 
AEC regulatory limits. Shield building shall also act as protection for the 
reactor vessel. 

Vacuum Relief Capability: Keu.ei: val.ves ana purge syst:em are proviaeu c;O preveni. 
an excess pressure differential of 0.5 psi from outside to inside. Containment 
vessel· is designed for the 0.5 psi vacuu~. 

Post-Construction Testing: Soap bubble tests of containment vessel will be run at· 
5, and 46 psig. Then a pressure test will be run at 52 ·psig followed by a leakage 
rate test at 46 psig. Periodic leakage rate tests will be run, since no leakage 
monitoring system will be installed . 
Penetrations: .l:'::SAR does not s.tate that penetrations are double sealed and in-

dividually testable. Drawings show penetrations as single sealed except for 
double bellows which can be pressure tested. 

Weld Channels: No reference to weld channels found. 
~ 
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aoe '. p 3 PWR 

Reactor: Aguirre 
D2. CONTAINMENT SAFETY FEATURES 

Containment SEral System: Two pumps (rating could not b,e found) with independent 

header systems spray borated water from the refueling water storage tank into the 

containment atmosphere to limit pressure rise, cool the air, and reduce leakage of 

radioactivity after LOCA. 

Containment Cooling: Consists o:t three suosyscems: J.J Recirculation and COOJ.ing 

to limit containment ambient air temp during operation, and to provide cooling 
after LOCA; 2) Nuclear Detector Well Cooling designed to cool out-of-core neutron 
detectors and to maintain biological shield concrete below 150 F· 3) Purge System , 
to provide a reduction of radioactivity level following normal full-power opera-
tion. 

Containment Isolation Slstem: Designed to prevent release of radioactivity rrom 
containment through penetrations. So, all penetrations are equipped with isolation 
valves which operate automatically by the safeguards control system. Valves re-
quired to maintain containment integrity are closed, and in event of LOCA, valves 
required for operation of safeguards are opened. 

Containment Air Filtration: Air exhausted from annulus is filtered by particu-
late filter, HEPA, and charcoal filte.r. Air exhausted from containment vessel is 
filtered by HEPA only. 

Penetration Room: Electrical penetration rooms at two levels, mechanical 
penetration room at one level. 

Organic-Iodide Filter: None mentioned. 

HydrC?_g_en Recombiner: Hydrogen generation discussed in Appendix H. It is expected 
that hydrogen gas control will be needed, and method used will be determined later. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Two tanks each holding 8650 gallons of borated water dump 
their contents into the reactor very quickly when coolant system pressure drops be-
low 700 psig. Tanks are pressurized with nitrogen gas to actuate the check valves 
that close off the dump line. 

-
H.Lgh-head ~atety Injection: Two pumps (PSAR will supply rating later) supply 

borated water to the coolant system for makeup or small leaks. Pumps take suction 
from the refueli11g water storage tank. The boron injection tank located at the 
dis charge of the high-head pumps injects its contents of 12% boric acid into the 
system also. 

Low-head Safety Injection: Two pumps are available as part of the residual. heat-
removal system, rated at 2500 gpm @ 600 psig. One pump has the capacity tQ flood 
the core at low pressure. Suction is Laken from the refueling water storage tank. 
A steam-dump system can help depressurize so the low pressure pumps and accumula-
tors can function. 
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a£e . P 4 PWR 

Reactor: Aguirr.e 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Missile & Reactor Force's -

Core Cooling Capability -

Containment Floodabilitx -

Reactor-Coolant Leak-Detection sxstems: The following methods are available· to 
detect leakage during normal operatio~: 1) Air particulate monitor with a possible 
sensitivity to 0.013 gp~ of leakage; 2) gross beta-ganuna monitor which could de-
tect a leak of 2 to ·4 gpm; 3) humidity detector; 4) condensate from cooler coils; 
5) high-pressure charging pump; 6) sump pumps, and other means. 

Failed-Fuel-Detection sxstems: No reference found. 
.. 

Emergericr Power: Two diesel-generator sets will be provided, either o.f which can 
supply minimum safeguards required for DBA. Each of the two -units will be housed 
separately and be an independent system. Engines will be started by compressed 
air with air capacity for 5 starts. . Fuel for 100 hours of full capacity operation 
of both units wil~ be stored on the site. 

Control of Axial Xenon Oscillations: 
Burnable Shims - Boric acid in coolant. 

Part-LenBth Control Rods - Absorber in oott:om 3 fl u:sed to ohapo axi:1J. pnwPr 
distribution and to control 'axial xenon oscillat:ions. 

In-Core Instrumentation - Yes, for information on neutron-flux distribution 
and fuel assembly outlet temperatures. 

Unborated Water Control: When adding water to the coolant system, the operator 
must-. preselect quantity and concentration. The system is then ac_tuated and opera-
tion is then automatic. Preset limits control dilution so excess dilution does 
not occur. 

Long-Term Cooling - Internal or External Srstems: Long term cooling can be pro-
·vided by the low pressure pumps of the Residual Heat Removal System. During the 
recirculation cooling phase, the Service Water System supplies salt water from 
the bay to cool the component cooling heat exchangers. Figure 6.4-1 shows a con-
nection between the spray system and the Residual Heat Removal Heat Exchanger. 
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age 
' 

P 5 PWR 

Reactor: Aguirre 
F. MISCELLANEOUS 

Windseeed, Direction Recorders, and Seismograehs: A 146-ft tower was erected at 
the site in 1968. Continuous wind records have recorded since then. Temperature 

measurements will soon be taken. Two seismometers will be installed to measure 
ground vibration. 

Plant Oeerating Mode: Load following. 

Site Features: The plant is located on the southern shore of Puerto Rico on the 

Bay of Johos. The land here is flat to rolling with much of the area near the 
water bei.ng mangrove swamps. The land rises gradually from the bay or Carribean 
Sea to a point about 5 miles from the water where hills take shape. The site con-

sis ts of 317.5 acres with a site grade elevation of 20 (MSL). Most of the land 

use is for agriculture (sugar cane) . In a 2-mi radius from the plant there are 
4840 permanent residents and in a 5-mi radius, 28,570. The village of Aguirre is 

adjacent to the plant property. Population of Central Aguirre is about 1800. 

Turbine Orientation: Turbine centerline is -vl82 ft from reactor cent:er.Line. 

Blades ejected from turbine could strike containment. Appendix E discusses this. 

Emergenc):'. Plans: PSAR outlines emergency plans for radiation release, tire, ex-

plosion, hurricane, etc. that establishes authority, responsibilities, and proce-
dures. Medical assistance has been worked out with local medical facilities. Othe1 

outside organizations that will cooperate are police and fire departments, health 
departments and Puerto Rico Nuclear Center. 

Environmental Monitoring Plans: Data obtained from the preoperational period will 
establish natural and other radiation background levels for comparison with data · 
obtained after the plant is placed in operation. Terrestrial. and marine stations 
will.be set up for continued monitoring. Territorial stations will include con-
tinuous beta, ganuna, and air samples, as well as precipitation, soil, and water 
samples, well water, and bottom sediments. The marine stations will include sam-
pling, environmental measurements and ecological investigations on mollucks or 
crustacea, sea water, and bottom fish. 

Radwaste Treatment: Liquid wastes are collected and processed through the waste 
evaporator where low-level wastes are monitored f~r discharge via the· condenser 
circulating water well below 10CFR20.limits. Evaporate~ residues ;inrl nther i;olid 
wa.!ltes aLe drummed and shipped from the site for ultimate disposal. Gaseous 
wastes are collected and stored until their radioactivity level is low enough so 
that discharge to the environment can be made through the station vent on top of 
the reactor building, below 10CFR20 limits. 

Stack Height - Vent from top of reactor building. 

Waste Heat S):'.stem: A once-through system will take water from the Bay of Jobos 
and discharge back into the bay after passing through the condensers. No inf orm;i-
tion is given i11 PSAR on quantity of flow, temperature rise, or otherwise. Five 
1/4 capacity circulating pumps will be provided. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

"REACTOR NAME J\guirre lluclear Unit l 

THERMAL 

OUTPUT, MWt 1785 

TYPE or NUCLEAR 

STEAM SYSTEM PWR ------
NE!AMY DOIJY OF WATER Carribean Sea 

DOCKET NO. 50-376 

NORMAi. l.I:VI:l. __ o __ c MSI.) 

MAX PROB FLOOD LEVEL 19.6' (MSL) 

SIZE or SITE 317.5 ACRES SITE GRADE ELEVATION 20.0' (MSL) 

TOPOGRAPHY OF SITE Rollin 
___ .....,:-., _______________________ __ 

Of SURROUNDING AREA. ( 5 MI. RAD) Flat to Rolling - Hills begin 5 miles to tne N. 

TOTAL PERMANENT POPULATION IN 2 MI RAD 4840 U970 ) IN 5 MI RAD 28,570 U970) 

NEAREST CITY OF 50
0
000 POPULATION __ c_u_a~y_a_m_a ________________ __ 

DISTANCE FROM SITE 8 MILES POPULATION 52 ,000 U970 ) 

LAND USE IN 5 MILE RADIUS Agricultural - Sugar cane 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM_o_n_c::_·e_t_h_r_o_u..,&h _________ _ 

WATER TAKEN FROM Bahia De Johos ------------------ FOR Condenser Cooling 

WATER BODY TEMPERATURES - .WINTER AVG_-_F SUMMER AVG-=._F AVG - F 

RIVER FLOW Ni\ (cfs) avg. *QUANTITY OF MAKEUP WATER (gpm). 

··~oTAL FLOW THROUGH CONDENSERS (gpm) TEMPERATURE RISE - r 

*HEAT REMOVAL CAPACITY or CONDENSERS (Btu/hr) *Per Unit -------COOLING TOWERS __ N_o_n_e ____________________________________ _ 

OTHER I~FORMATION Five 1/4 capacity pumps are used for circulating water system 

NUCLEAR SAFETY INFORMATION cENTER 
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WATERFORD, 50-382 & 50-383 (PWR) Page 1 

Project Name: Waterford Steam Electric Station Reactor: Waterford 
A-E: Ebasco·Services, Inc. 

Location:Near Taft, Louisiana* 'vessel Vendor: Combustion Engineering 
Owner: Louisiana Light and Power Co. Docket No.: 50-382, 50-383 
NSS Vendor: Combustion Engineering Containment Constructor: Not Specified 

*22 miles west of New Orleans, La. 

A. THEIU1AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3390 H20/U, 3,35 
MWt Cold 
Electrical Output, 1125 Avg 1st-Cycle l3l38 
MWe Burnuo MWD/MTU 
Total Heat Output .. for 

3580 First Core Avg 21700 
Safety Design, MW.t Burnup, MWD/MTU 
Total Heat Output, 11,6 x 106 Maximum Burnup, ---Btu/hr MWD/MTU 
System Pressure, 2250 Region-I 1.9 
psia Enrichment, % 
lJNnK, 2.11 Region 2 2.3 
Nominal Enrichment, % 
1otal Flow rate, 147.8 x 106 Region-J 2,9 
lb/hr Enrichment % 
Eff Flowrate tor 142.6 x 106 keff, Cold, No 1.29 
Heat Trans lb/hr Power, Clean 
Eff Flow Area for 53,2 keff• Hot, Full Power 1.15 
Heat Trans, ft 2 Xe aud Sm 
Avg Vel Along 16.8 Total Rod >7.2 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.68 x 10° Shutdown Boron, No 1400 
lb/hr-ft 2 Rods, Clean, Cold, ppm· 
Nominal Core 553 Shutdown Boron, No 1600 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Av:g Rise in 60 Boron Worth, Hot, -0,13 x 10-.:l 
Core, OF % tik/k/ppm 
Norn Hot Channel 645 Boron Worth, Cold, -0.17 x 10-;j 
Outlet Temp, OF % tik/k/ppm 
Avg Film Coeff, 6160 Full Power Moderator 0 to -2 x 10-4 

Btu/hr ft 2, "F Temo Coeff, tik/k/°F 
Avg Film Temp 34 Moderator Press 0 to +2 x 10-0 
Diff, OF Coeff, tik/k/psi 
Active Heat Trans 55,000 Moderator Void Coeff 0 to -1.5 X lU-;-1 
Surf Area, ft 2 tik/k/i. Void 

Avg Heat Flux, 205,100 Doppler Coefficient, (-1 to_51.8) 
Btu/hr ft 2 tik/k/°F x 10 
Max Heat Flux - 549,300 Shutdown ~argin, Hot 
Btu/hr ft 2 One Rod Stuck, % tik/k l 
Avg Tnermal 6.9 Burnable Poisons, 
Output, kw/ft Type and Form Not Discussed 
Max Thermal 18.5 Number of Control 305 
Output, kw/ft Rods 61 x 5 
Max Clad Sur:.. 657 Nl.llllber of Part-Length 40 
face Temp, op Rods (PLR) 8 x 5 
No. Coolant: 2 
Loops 

iii• Uni ts 1 & 2 (at this site) will be Compiled By: Fred Heddleson 
coal-fired. These two nuclear units Date: April 1971 
will be desi<"Tl"\at"i:.rl un{f-R. 3 f. 4 
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P-<>oe 2 PWR 
Reactor: Waterford 

c. SAFETY-RELATED·DESIGN CRITERIA 

Bxclusion Distance, Mi. O.S7 Design Winds in mph: 

Low Population Zone Dist., Mi. 2.0 At 0 - so ft elev 200"' 

Metropolis Distance Population so - lSO ft .... , In accordance with 
New Orleans. La. 22 mi 665.ooo -69 ASCE paper 3269 

Design Basis Earthquake lSO - 400 ft 
Accel., g 0.10 

Operating. Basis Earthquake 
0.05 Tornado 300 mph tang. + 60 trans. Accel., G 

·Earthquake Vertical Shock, 
67 l::.P = 3 psi/ 3 sec 

% of H.orizontal 

Is intent of 70 Design Criteria satisfied? Yes 1 Section 1.7 discusses each criteria 
item and explains conformance. 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 39.6 Calculated Max 
44 

psig Internal Press, psig 
Max Leak Rate at 
Design Press, %/day o.5 

.. 

Tlpe of Construction: Steel containment vessel surrounded by a re in.forced-concrete 
shield building, cylindrical in shape with hemispherical dome and ellipsodial 
bottom. A space of. about 4 feet will be provided all around between the two 
vessels. 

Design Bas'i5't'Designed to contain pressures ancl tempe'i't!lturco riun.il tine; .fr.nm LOCI\ 
accompanied by loss of external power when the largest pipe haG a double-ended 

·rupture. Designed based on operation of engineered safety features within 30 
seconds after rupture except for accumulators which would function sooner. 

VaculD!l Relief Capabilitl: Designed·for 0~25 psi vacuum using ventilation purge 
connections for.venting. Automatic vacuum relief devices are provided also. 

Post-Construction Testing: Pressure tests with soapbubble inspection will be run at 
5 and 40 psig. A pressure test at 49.5 psig will then be run. Next 1 leakage rate 
tests will be run at 44 psig. Periodic leakage rate tests will be. run thereafter. 
There will be no leakage monitorin~ svstem. 
Penetrations: Single seals, electrical units are· double and testable. 

Weld Channels: None mentioned. 
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Pal?e 3. PWR 

Reactor: Waterford 
D2. CONTAINMENT SAFETY FEATURES 

Containment s~ra~ System: Designed to spray borated water downward from upper parts 
of containmen t c~e atmosphere following LOCA. Heat-removal capacity of 
flow from two pumps (1750 gpm @ 200 psig) will keep pressure and temperature below 
design limits for the largest size pipe break. This requires a heat-removal cap
acity of 280 X 106 But/hr with steam-air mixture condition of 216 F. System 
initiated by coincidence of injection signal and high-high containment pressure. 

Containment Cooling: Four fan-coil cooling unitg are provided sized to remove 
heat generated by the most severe LOCA (234 X 10 But/hr). Coils are cooled by 
water from the component cooling water system (full flow, no modulating valves). 
Fan circulates 60,000 cfm @ 4" water static pressure using a 175 hp motor. Three 
units run during normal operation. 

Containment Isolation System: To prevent loss of isolation or intolerable leakage, 
a double barrier minimizes leakage through all fluid penetrations not serving inci
dent consequence limiting systems. High containment pressure initiates isolation, 
closing isolation valves on penetrations not required for operation of engineered 
safety feature systems. Also, high radiation signal closes isolation valves on all 
nOn-safetv feature SVStem lines, 

Containment Air Filtration: Two airborn radioactivity removal units handling 
10,000 cfm pass air through HEPA filters and impregnated charcoal absorbers. One 
containment volume can be recirculated every 4 hours. 

Penetration Room: There is a penetration area but it is difficult to determine 
if a penetration room exists. 

Organic-Iodide Filter: None mentioned, 

Hydrogen Recombiner: Section 14.13 analyzes LOCA and states that metal-water 
reactions will be less that 1%. Purging will be used to hold hydrogen concen
tration below 3%. Recombiners not mentioned. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Four tanks, each holding 8250gallons of borated water will 
dump their contentsinto each of the 4 cold legs of the coolant system. This action 
occurs automatically when reactor pressu:c·e drops below 200 psig. Design criteria 
(limit metal-water reation to less than 1%, and prevent fuel damage) can be met 
with three of the 4 tanks functioning. 

High-head Safety Injection: Three pumps each rated at 380 gpm @ 1950 psig can 
deliver borated water from the refueling storage tank when the initiation signal 
of low-low pressurizer pressure or high containment pressure is received. One of 
the 3 pumps can meet the design criteria mentioned in the paragraph above, The 
2 redundant systems operate from individual diesel-generator power if off-site 
power is lost. 

Low-head Safety Injection: Two pumps each rated at 4150 gpm @ 250 psig deliver 
borated water from the refueling storage tank when the injection signal is receivec 
and the system pressure drops sufficiently. These pumps start at the same time 
high-pressure safety injection pumps start. 
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Pa2e 4 ·- PWR 

Reactor: Waterford 
E. OTHER SAFETY~RELATED FEATURES 

Reactor Vessel Failure: Not discussed. 
Missile & Reactor Forces -

Core Cooling Capability -

Containment Floodabilitl -

Reactor-Coolant Leak-Detection Sxstems: Leaks can be detected by increased temp-
erature or pressure in containment, by monitoring sump·pump operation, increase in 
airborne activity, by monitoring component cooling water temperatures, press-
urizer level and makeup quantities and temperature sensors· on safety valves. 
Excessive leakage detection by any menas will cause plant shut down action. 

Failed-Fuel-Detection Systems: A shielded Na! scintillation O:etector suspended in 
a pipe-tee well which is located in a sample line ·tapped off the letdown stream of 
the coolant system will detect increased activity within 5 minutes. The signal is 
transmitted to two single-channel spectrometer rate meters in the control room. 

Emer&ency Power: Two independent diesel-generator systems are provided to 
energize· the 4.16 kv buses when off-site power is lost. Each diesel-generator is . 
capable of furnishing required power for efficient shutdown of the plant. Fuel 
supply for 7 days of· full-power operation for one unit will be stored on the site. 

Control of Axial Xenon Oscillations: 
Burnable Shims - No discussion of this subject found. 

Part-Length Control Rods - Eight assemblies of 5 rods each having reduced 
length neutron absorber used to control power distribution 

In-Core Instrumentation - To provide information on neutron flux distribution. 

Unborated Water Control: Because of equipment and controls, and administrative 
procedures provided, the probability of erroneous boron dilution is very small. 
Nevertheless, if dilution of boron in the coolant does·occur, numerous alarms and 
indicat.ions will alert the operator. The maximum reactivity addition due to the 

-dilution is slow enough to allow the operator to determine the cause and take 
corrective action before shutdown margin is absorbed. 

Long-Term Cooling - Internal or External Systems: Five safety injection pumps are 
available, and the _system may also be aligned to use either containment spray 
pump to inject cooling water. Both systems are designed for long~term unattende~ 
operation. Suction is taken from the containme_nt sump. The containment cooling 
system will be required only for that time after LOCA which is necessary to 
reduce containment pressure to near atmospheric. 



263 

Page 5, PWR 

Reactor: Waterford 
F. MISCELLANEOUS 

Windspeed, Direction Recorders, and Seismographs: A tower will be installed to 
measure wind speed (at top) with 3 levels of temperature measurement and a re
cording rain gage. 

(Seismographs not mentioned) 

Plant Operating Mode: Load following. 

S~te Features: Located on 3600 acres along the Mississippi River about 22 miles 
west of New Orleans, La. Site grade is +10' MSL; however, a levee (30' MSL top) 
runs along the river between site and river. Max probable·flood is 24'. Site is 
in an industrial ar.ea; however, small villages are very close. Two coal-fired 
plants will be located on same site. In a 2 mile radius from the plant there are 
1685 people, and in 5 miles, 16,095. Back from the river, land is used ~or 
farming. 

Turbine Orientation: Ejected turbine blades could strike. containment sneLL. 
Centerlines are.about 360 ft apart. 

Emergency Plans: A pLan wiLL be aeveLopea to cover tire, inJury, iLLness, 
raJiation exposure, contamination, and other conditions both nuclear and non
nuclear. Practice drills will be held for familiarization and training. Outside 
agencies such as Police, Fire 'Departments, AEC, and other local, state, and 
federal agencies will be called upon if needed. 

·Environmental Monitoring Plans: !ne appLicant wiLL conduct an extens1ve raaioLo 
gical monitoring program. Program divided into 2 parts. One involves continuous 
monitoring of discharges to the environment for gross and specific radioactivity 

·analysis. This part utilizes in-plant process and area radiation monitoring 
equipment. The other part involves analyses of environmental samples for radio
activity analyses in the field. Part of this program will be conducted by outside 
consultants. The programs are interrelated and an attempt will be made to corre
late results from one part to the other. 

Radwaste Treatment: Will provide means for controlled handling, storage, and dis
posal of liquid, gaseous, and solid wastes. Radioactive liquids will be treated 
:ln ion exchangers and waste concentrators· for removal .of radioactive materials. 
Liquid efflut!ul fLuw Lht! Cuulant System will first be pur1f1ed in ion exchangers 
and then processed in the Boron Management System by filtration, ion exchange, and 
concentration. All wastes will be released in accordance with 10CFR20. Waste 

,gases will be collectec and compressed into gas decay tanks for later release . 
. All solid wastes will be stored in containers for off-site disposal. 
Stack Height - Located adiacent to ·containment and aooarentlv slightly higher. 
Waste Heat System: A once through system will be used taking water from the 
Mississippi and pumping back into the river. River average flow is 493,000 cfs. 
Total condenser cooling watt!r for the two _nuclear units will be nearly 

'.2,000,000 gpm with 16 F temp rise. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

·REACTOR NAME Waterford Steam Electric 

station 

TllERMAL 

·OUTPUT, MWt 3390 -----
TYPE or NUCLEAR 

STEAM SYSTEM PWR ------
DOCKET NO • ___ 5_o_-_3_0_2_ 

50-383 

NEARBY BODY OF WAT~R Mississippi River NORMAL LI:VI:L. __ o __ (MSL) 

SIZE or SITE 3600 ACRES 

TOPOGRAPHY or SITE Flat 

MAX PROB FLOOD LEVEL 1' 24' (MSL) 

,., Top of levee is SITE G~DE ELEVATION __ 1_0_' _(MSL) 
30 1 MSL -------------------------------0 F SURROUNDING AREA (5 MI RAD) Flat -------------------------

TOTAL PERMANENT POPULATION IN 2 MI RAD 1685 (1970) IN 5 MI RAD 16,095 (1370} 

NEAREST CITY OF S0,000 POPULATION New Orleans, Louisiana ------------------------DISTANCE FROM S~TE ___ 2_2 ___ MI.LES POPULATION 665,000 (1969) 

·i.AND USE IN 5 MILE RADIUS Indus trial along the river, Agricultural and .Residen

tial back from the river 

. CIRCULATING WATER SYSTEM TYPE OF SYSTEM Once through 

WATER TAKEN FROM Mississippi River FOR Condenser cc0ling . 
WATER BODY TEMPERATURES - WINTER AVG 49 F SUMMER AVG 82 F AVG - F ----- ----
RI VER FLOW 493,000(cfs) avg. '''QUANTITY OF MAKEUP WATER ________ (gpm)-

*TOTAL FLOW THROUGH CONDENSERS 975,000 (gpm) TEMPERATURE RISE 16 F 

*HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) •':Per Unit 

OTHER INFORMATION 
units 

,/ ~,,..111· .. 101 

1 f2 < ""S:' 
. C'°"'' ,. ~'lfliD 'WATER 

A two-unit fossil-fuel plant is adjacent to the two nuclear 

• PACIF°IC. , R.lt. 

-fh.rm~~-
NUCLEAR SAFETY . INFORMATION CENTER 
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SUSQUEHANNA, 50-387 & 50-388 (BWR) Page 1 

Project Name: Susquehanna Steam 
Unit 1 & Unit 2 

Location: Luzerne Co., PA. 

Electric Station Reactor: Susquehanna 
A-E: Bechtel 

Owner: Pennsylvania Power & Light 
Vessel Vendor: Not Specified 
Docket No.: 50-387, 50-388 

· NSS Vendor: General Electric Containment Constructor: Bechtel Respqn-
sibilitv · 

A. THERMAL-HYDRAULIC B. NUCLEAR 

Thermal.Output, H20/U02 Volume 
MWt 3293 Ratio 2.43 

Electrical Output, Moderator Temp Coef 
MWe 114° Cold, ~k/k/°F 
Total Heat Output· for Moderator Temp Coef 
Safetv Desi2n. MWt 344o(l4 •4 .l) Hot. No Voids ----

-1.0 x 10-3 Steam Flow Rate, 6 Moderator Void Coef 
13.43 x 10 lb/hr Hot, No Voids, ~k/k/% 

Total Core Flow 
106

.
5 

X 
10

6 Moderator Void Coef 
Rate, lb/hr Operating -1. 7 x lo-! 

Coolant Pressure, Doppler Coefficient, 
psig 102° Cold 

-1.18 x 10-5 

Heat Transfer Doppler Coefficient, -1.15 x 10-) 

-1.19 x 10-5 
Area, ft 2 <T 3.2.U.. 66 · 1 Hot, No Voids 
Max Power per Fuel -;-~~~-1-3-.-3-5~~·~-1+-~D~o-p~p~l~e-r--,C~o-e~,f~f~i~c~i~e-n~t~,~-+~~~~~~~~=-1 

h:;R~o~d~·~u=n=i~t;-;:L~g~t~h~,;;""."'k=w~/~f_t~-t~~~~~~~~-+f---,O~p~err~art~1,·n~g~·.,.,..,..,....,..,L:'.:":-::-:::-~-+~~~~~~~~--4~· 
Maximum Heat Flux,· Initial Enrichment, 
Btu/hr-ft2 425,060 % 
Average Heat Flux, Average Discharge Ex-
Btu/hr-ft2 163 •230 posure, MWD/Ton 
Maximum Fuel Tempera- Core Average Void 

4430 ture, °F Within Assembly, % 
Average Fuel Rod keff' All Rods In 
Surf ace Temo °F 560 

MCHFR keff' Max Rod Out 
>Ji. 9 

Total Peaking 
Factor 
Avg Power Density, 
Kw/9., 

2.6 

50.8 

Control Rod Worth, 
% max rod 
Curta:i,ri Worth, 
% 
Burnable Poisons, 
Tyoe and Form' ·· 
Number of Control 
Rods 
Number of Part-Length. 
Rods (PLR) 

2.19 

19,000 

79 

<0.99 

O.Olt:.k 

372 curtains 
~---- <:<;'!' C:hoof'c: 

185 movable 
cruciform assm. 

None mentioned 

Compiled by: Fred Heddleson 
Date: June 1971 

TX-4377 
(8-7()) 
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. C. SAFETY-RELATED DESIGN CRITERIA 

,Exclusion Distance, Mi. 0.28 

.Low Population Zone Dist., Mi. 3.0 

Metropolis 
Wilkes-Barre 

Distance Population 

16 S7,946 (-70) 
Design Basis Earthquake 
Acee!., g 

Operating Basis Earthquake 
Accel., g 

. . 

0.10 

o.os 

Rea~tor: Susquehanna 

_Design Winds in psf : 

At 0 - SO ft 20 

so - lSO ft 30 

lSO - 400 ft 40 

Tornado 300 mph 

f:!,p = 3 psi/ - sec 

Page 2 [lWP 

80 mph 

Sustained 

Earthquake Vertical Shock, Is intent of 70 design criteria 
% of Horizontal 67 Satisfied? Yes, See Section F 
Peak Fuel Enthalpy on Rod" Drop: A rod drop at S ft/sec (design rate of velocity 

.limiter) could result in a value of 280 cal/gm. 

·Recirculation Pumping System & MCHER: Adjusting pump speed changes coolant flow 

rate through the core. This effects changes in core power level, etc. 

P·rotective System: Initiates a rapid, automatic shutdown of reactor following 
abnormal operational transients. This system overrides operator action and process 
~"~ .. ~"1" 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT (Ctmt) 

Drywell Design 
·Press, psig 
.Supprn Chamb Design 
Press, psig 
Cale Max Internal 
Press, psig 

48 

48 

37.9 

Prim Ctmt Leak 
Rate, %/day 
Second Ctmt Design 
Press, psig 
Second Ctmt Leak 
Rate, %/day 

o.os 

0.2S 

100 

Type' of Construction: Drywell is shaped like a truncated cone, with the cylindrical 
pressure suppres~ion chamber just below. These 2 units form a structurally inte
grated reinforced concrete pressure vessel, lined with welded steel plate. The dry 
well and suppress1on chamber are separated by a reinforced concrete floor. 

Design Basis: Designed to contain and suppress steam and steam pressure in event of 
LOCA, and to limit the release to the public of fission products associated with th~ 
accident. In addition to LOCA, the containment structure shall have the capability 
to withstand extr~me environmental conditions such as earthquake without loss of 
integrity. 

Vacuum Relief Capability: Drywell and pressure suppression designed for S psi 
external pressure. Drywell is vented thru ventilation purge connections which are 
normally closed at temp. above 212 F. Suppression chamber is vented separately. 

Post Construction Testing: ~tructura11y tested at 1.1~ times ~ne aesign pressure. 
Pressure is then reduced to 37.9 and measurements taken to verify that leakage rate 
of O~S percent.by volume in 24 hrs. is not exceeded • 

. fenetrations: Electrical penetrations are double-sealed w1tn prov1s1on tor inaivio· 
ually testing. All other penetrations are single barrier type. 
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Pape 3. BWR : 

Reactor: Susquehanna 
02, EMERGENCY CORE COOLING SYSTEMS 

Core Spray Cooling System: Consists of 2 independent pump loops that deliver cool
ing water to spray spargers over the core. This system cools the fuel by spraying 
water onto core. Four 1/2 capacity pumps each rated 3125 gpm @ 122 paid take 
suction from suppression pool. One pump loop is capable of preventing excessive 
fuel clad temperatures. Th.1.s sy11tem operates only after reactor pressure is reducer 

Auto-Depressurization System: Acts to rapidly reduce reactor vessel pressure after 
LOCA when HPCIS fails to automatic8-lly maintain reactor vessel water level. Depree: 
urization enables the low pressure. cooling systems to begin operation. Steam is 
vented through pressure relief valves. 

Residual-Heat-Removal System (RHRS): Consists of pumps, heat exchangers, and 
piping for the following functions: a) Removal of decay heat ·during and after 
plant shutdown, b) Low pressure coolant injection function as described below, and 
c) Heat removal from cont.aimnent following i.OCA by pwnping water from suppression 
pool through heat exchanger and back to pool to prevent excessive temperature rise 
in suppression pool, Also, water is sprayed into containment to reduce the press
ure. There arg four pumps each rated 10,000 gpm @ 250 psig, two heat exchangers· 
with 41.6 X 10 Btu/hr capacity, and the necessary piping, controls, etc. 

)Ugh-Pressure Coolant-Injection System: Maintains coolant inside reactor vessel to 
prevent fuel clad damage resulting from small breakes in coolant piping. One 
steam-turbine driven.pump can deliver 5000 gpm at pressures of 150 to 1120 paid •. ~ 
This system operates for small leaks at high.pressures so other systems will not 
have to start. Suction is taken from the condensate storage tank. 

)'..ow-Pressure Coolant-Injection System: Four 1/3 cap p~ps from 'the Resiaua! Heat 
Removal System supply 10,000 gpm @ 20 paid for each puuip running, taking suction 
from the suppression pool. System starts when pressure in reactor drops sufficient y 
low for pump operation. LPCI operation, together with core shroud and jet pump 
arrangement provides capability of.core reflooding following LOCA in time to 
n .. ~··~~t- o~~o,,.,., .. o f••o1 ,.., ~..:i ... _____ . . . 

. E. OTHER SAFETY-RELATED FEATURES 

Standby Coolant Systemf A cross-tie from piping on the discharge of RHR service 
water pumps to the discharge piping·on the shell side of l·RHRS heat exchanger pro
vides water if post-accident flooding of containment is required. This provides a 
large source of water for emergency c.onditions. 

Main-Steam.-Line Flow Restrictors: A venturi-type flow restrictor installed in 
each steam line close to reactor to limit loss of coolant in case of line break, 
and before thP. :1.solation valve can cluse. Flow is limited to 200 percent of 
normal rated flow. 

Control-Rod Velocity Limiters: Limits veloci.ty at which a r 0d can fall out of the 
core. It is a part of the bottom assembly consisting of two nearly mated conical 
elements acting as large clearance piston ·and baffle .inside control rod' guide tube. 
Velocity of rod for scram is not effected. 

Control-Rod-Drive~Housing'Supports:Located under·'reactor vessel near control rod 
housings. Supports limit travel of a· control rod if housing ruptures thus preventir~ 
nuclear excursion. Max travel in hot operating condition would be 1/4 inch plus 
spring compression of about 1 inch. 

Standby Liquid-Control System: A boron neu.tron absorber in the coolant provides a 
redundant, independent, and different way from control rods to shut down reactor. 
The system 111a.kes possible an orderly. and safe shutdown in the event that not 
enough control rods can be inserted~ 



268 

Pa2e 4 . BWR 
Reactor: Susquehanna 

E. OTHER SAFETY-RELATED FEATURES (cont'd) 

Containment Atmospheric Control System: A recirculation system can circulate the 
reactor building air at a rate equal to one building volume per hour. A small 
fraction of the volume can be exhausted and filtered. No mention is made of 
nitrogen inerting. 

Reactor Core Isolation Cooling S~stem (RCICS): Provides makeup water to the core 
during a reactor shutdown in which feedwater· flow is not available. The system may 
be s.tarted manually 'by ·the operator or automatically upon receipt of a -low reactor 
water level signal. Water is pumped to the core by a turbine-pump driven by 
reactor steam. Pump suction is·· taken from the condensate storage tank, or from the 
suppression pool. Turbine steam exhaust dumps to suppression pool. One pump is 
provided, rated at 600 gpm @ 1500 psig. 

Reactor Vessel Failure: 
Missile & Reactor Forces - Two references emphasize the low probability of 

pressure vessel failure. (Sect. 4.2.5 and 4.2.7.2) 
,. 

Core Cooling Capability -

Containment Floodabili t~ -

Reactor-Coolant Leak-Detection Systems: Detection is based on changes in normal 
operating conditions, '.Such as .increase in containment temperature. and pressure, and 
abnormal sump-pump opera.tion. Leakage limits are less than the capacity of sump 
pumps and less than the amount of water that can be placed back into the system. 

Failed-Fuel Detection Systems: Consists of four gamma radiation monitors locate'd 
external to main steam lines just outside primary containment. Monitors are 
designed to detect a gross release of fission products from the fuel. Upon detec-
·tion of high radiation, an .alarm signal is initiated and trip signals generated , 

by the monitors ar~ u~~u to initiate a ~rr;1m and to i~olate the radioactive 
material released. 

Emergency Power:Four units each r~ted 2950 KW for 2000 hrs. Start and applicatiot 
of loads are automatic, units requiring 10 sec to attain rated voltage and 
frequency. Units are ho'used independently.in Class I structures with independent 
buses. Each unit has a·2 1/2 hour capacity day tank and a storage tank for 7 days 
operation at rated load. Two air reservoirs for starting are provided, each with 
air for 5 starts. 

Rod-Block Monitor: Effective in preventing improper rod withdrawal. If a rod-
block signal is received during withdrawal, the control rod is automatically 
stopped at the next notch position, even if continuous rod withdrawal is in 
process. 

Rod Worth Minimizer: Functions to prevent improper rod withdrawal under low 
power conditions, thus limiting· reactivity worth of control rods by enforcing 
adherence to preplanned rod pattern. This system operates as a function of the 
process computer. 
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Page 5, BWR 

Reactor: Susquehanna 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismosraEhs: 
.• 

Tower for meteorological 
measurements was erected in July 1970 on a 45' high pole at 1200' elev. about 
2 miles SE of site. Two ·other towers will be put up at the site. 
Seismographs not mentioned. 

Plant 0Eerating Mode: Load Following 

Site Features: Located on the west side of the Susquehanna River about: .lb mi.Les 
SW of Wilkes-Barre. The site is rolling with hills around except for the flat 
river valley. The center of the site is almost one mile from the river. Site 
grade is 670' MSL which i!> .about 150 ft. above the river flood plain. The 
surrounding area is wooded and about half is used for agriculture. In a 2-mile 
radius there are 1126 inhabitants, and in a 5-mile radius there are about 11,000. 
There are no ~ajor airports within 25 or more miles of the site, Average river 
flow at site is 13,000 cfs, 

Turbine Orientation: Turbine center line prec.iuaes any possioi.lit:y OL eJect:eo 
blades striking C'.ontainment otructure. 

Emergency Plans: Formulated with appropriate public agencies so that problems 
which may arise during any en1ergency involving personnel, on or off-site, can be 
handled in an orderly, effective manner. These procedures will be·written to 
include the services of the State Police, the local fire department, a local 
hospital, and other public agencies. 

Environmental Monitoring Plans: Prior to operation, a study will be initiated to 
obtain background data on the amount, type and source of radiation in the site 
vacinity. The program will be started on a small·scale at least 2 years before 
operation, and implemented as experience is gained. For all samples, a gross beta, 
and in most cases a gross alpha, count will be determined. Samples will be collect 
ed for airborne particulates, rainfall, surface water in rivers, creeks, and lakes 
which.are nearby, well water, bottom sediments, slime, soil, vegetation, milk, and 
fish and animals. The entire program will be evaluated .before operation begins 
,.;i- .. ~.-1..-·-~ rho ho.,t nrn12ram nlan to follow thereafter. 

to 

Radwaste Treatment: Designed to confine release of radioactive materials wel.1 witn· 
in the limits of 10GFR20. Liquid wastes will he collected, treated, evaporated, 
and stored for off-site disposal or releas·ed to the environment. Only :I.ow levf'.1 
wastes f"!;om lannrlry room or equipment 1.lt·ains Will be released. Solid was.tes are 
collected and stored for shipment to off-site disposal. Collected solids will be 
dewatered, packaged and stored in suitable containers before shipment. Gaseous 
wastes will be discharged to the reactor vent. The system provides hydrogen-
o~e~"l?krH~flPR!n~tion, filtrations, and holdup of 

g No ref<>rence found. 
gases for decay before r_elease. 

Waste Heat S~stem: A closed loop is Used for condenser cooling having one 
hyperbolic cooling tower per unit. Evaporation loss is 13,000 gpm per unit. No 
figures were given fo;i; flow r.;:it.e and temgcra~ure rise thru condensers. The 
condenser hea~ removal rate is 7900 X 10 Btu/hr. 
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Page 6 

G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

REACTOR NAME Susquehanna Steam Electric 

Station 

THERMAL TYPE OF NUCLEAR DOCKET NO. 50-387 

_OUTPUT, MWt ~293 STEAM SYSTEM BWR S0-388 

N~ARBY BOUY or WATiiR Susquehanna River NORMAL. Ll:VI:L 491 1 
(MSL) 

MAX PROB FLOOD LEVEL 546 1 (MSL) 

SIZE OF SITE 1522 ACRES SITE GRADE L:LEVATION 670 1 (MSL) 

TOPOGRAPHY OF SITE Rolling 
-~~--~~~~~~~~~~~~----~---------

0 F SURROUNDING AREA (5 MI RAD) Hilly with flat river valley 

IN 5 MI RAD 11,044 (i970 ) TOTAL PERMANENT POPULATION IN 2 MI RAD 1126 (1970) 

NEAREST CITY OF 50.000 POPULATION Wilkes-Barre, Pa. 
----~---------------------DISTANCE FROM SITE 16 MILES POPULATION 5 7, 946 (1970 ) ----

LAND USE IN 5 MILE RADIUS Wooded and Agricultural 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM _Closed loop uning cooling towers 

WATER TAKEN FROM. Susquehanna ~iver FOR Makeup 

WATER BODY TEMPERATURES - WINTER AVG - F SUMMER AVG - r AVG - r --- ---
RI VER FLOW 13 ,000 (cfs) Avg. *QUANTITY OF MAKEUP WATER (gpm) 

*TOTAL FLOW THROUGH CONDENSERS (gpm) TEMPERATURE RISE - r 
. 6 

*HEAT REMOVAL CAPACITY OF CONDENSERS 7900 X 10 (Btu/hr) *Per Unit 
COOLING TOWERS One hyperbolic tower for each unit. Evaporation loss about 

OTHER INFORMATION 13,000 gpm per unit. River flood plain 150 1 lower than site. 

NUCLEAR SAFETY INFORMATION CENTER 
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WATTS BAR, 50-390 & 50-391 (PWR) Page l 

Project Name: Watts Bar Nuclear Plant, Reactor: Watts Bar 
Units 1 & 2 A-E: TVA 

Location: Rhea County, Tenn.* ' Vessel Vendor: Westinghouse 
Owner: TVA Docket No.: 50-390, 50-391 
NSS Vendor: Westinghouse Containment Constructor: TVA 

*45 miles NE of Chattanooga 

A. THER..~AL-HYDRAULIC B. NUCLEAR 

Thermal Output, 3411 H20/U, 3.48 
HWt Cold 
Electrical Output, 1180 "Avg 1st-Cycle 14,000 
MWe Burnup, MWD/MTU 
Total Heat Output for 3582 First Core Avg 25,500 
Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 
Btu/hr 

11,640 x 106 Maximum Burnup, 
MWD/MTU (Equilib) 

50,000 

System Pressure, 2250 Region-1 2.ci3 
psia Enrichm-::ut, % 
DNBR, 1.88 Region-2 2.63 
Nominal Enrichment, % 
1otal Flow rate, 138.4 x 106 Region-J 3.23 
lb/hr Enrichment, % 
Ett Flowrate for. 132.2 x 106 keff• Cold, No 1.225 
Heat Trans lb/hr Power, Clean 
Eff Flow Area for 51.4 keff• Hot, Full Power 1.148 
Heat Trans, ft 2 Xe and Sm 
Avg Vel Along 16.3 Total Rod 9 3/4 BOL 
Fuel Rods, ft/sec Worth, % 
Avg Mass Velocity 2.58 x 106 Shutdown Boron, No <1500 
lb/hr-ft2 Rods, Clean, Cold, ppm. 
Nominal Core 557. 5 Shutdown Boron; No <1100 
Inlet Temp, OF Rods, Clean, Hot, ppm 
Avg Rise _in 63.7 Boron Worth, Hot, 1/100 
Core, OF % lik/k/ppm 
Norn Hot Channel 648 Boron Worth, Cold, 1/85 
Outlet Temp, OF % lik/k/ppm 
Avg Film Coeff, 6000 Full Power Moderator (+0.04 to -3.0J 
Btu/hr ft 2

, · °F Temp Coeff, lik/k/°F x io- 4 

Avg Film Temp 36.2 Moderator Press \-U.4 t.O T_j.UJ 

Diff OF Coe ff, lik/k/psi x io-6 
Active Heat· Trans 52,200 Moderator Void Coeff t+u.::i i:.o -:c.::i1 
Surf Area, ft 2 lik/k/% Void x lo-3 
Avg Heat Flux, 217,200 Doppler Coefficient, (-1 to -2) 
Btu/hr ft 2 lik/k/°F x 10-s 
Max Heat Flux 579,600 Shutdown ~argin, Hot 1 
Btu/hr ft 2 One Rod Stuck, % lik/k 
Avg Thermal 7 Burnable Poisons, Boros111cate 
Output, kw/ft Type and Form glass in SST tube1 
Max Thermal 18.8 Number of Control 

1060 Output, kw/ft Rods 2ox53 
Max Clad Sur- 657 ~umber of Part-Length 160 
face Temp, OF Rods (PLR~ 20x8 ... 
No. Coolant 4 
Loops 

Compiled By.: Fred Heddleson 
Date: June 1971 
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J><10P ') J>IJR 

Reactor: Watts Bar 

·c. SAFETY-RELATED DESIGN CRITERIA 

_Exclusion Distance, Mi. Q.SO Design Winds in mEh: 

- Low Population Zone Di_st., Mi. 3 At o. - so ft elev 95 

·MetroEolis_ Distance PoEulation · so - lSO ft 110 

--r.h "t tanooiza 45 154,910( '70) 
Design Basis Earthquake 

0.18 lSO - 400 ft 130 
Accel., g 

·-Operating Basis Earthquake 
0.09 ·Tornado 300 mph tang. + 60 trans. 

Accel., G· 

Earthquake Vertical Shock, t::.P = 3 psi/ 3 sec 
% of Horizontal 67 

·rs intent of 70 Design Criteria satisfied? Yes, Appendix D states that plant WLLl 

be designed, constructed and operated so as to comply with TVA's understanding of 

-the intent .•. II 

D. ENGINEERED SAFETY FEATURES 

Dl. CONTAINMENT 

Design Press, 1-3_. 5 Calculated Max 9.8 
_ psig Internal Press, psig 
- Max Leak Rate at 0.5 
-_Design Press, %/day 

Ty2e of Construction: Consists of a freestanding stee.L containment vesseT wii.n 

_compartments for a:n ice condenser and a separate reinforced concrete shield build-
ing. The containment vessel has cylindrical walls, a hemispherical dome, and a 
bottom liner encased in concrete. The concrete shielding building (separated from 
the steel plate vessel by a 5' annular space) serves as a biological shield, pro-
tection :for the inner vessel, and a collection space for fission products. 

Design Basis: Designed to limit radiation doses resulting from leakage of 
radioactive fission products as a result of LOCA including a margin to cover the 
effects of metal-water reactions or other undefined energy sources. 

Vacuum Relief C~bility: Con~ a.inment vesse.L designea. 1or u.:;i ps1g w.LLil a 
vacuum relief system for venting. 

Post-Construction Testing: Vessel will be pressure tested at 16.9 psig after 
soap bubble tests at 5_and 12 psig. Leakage rate test will be done at 12 psig for 
24 hours. Periodic leakage rate tests will be done after operation starts. 

Penetrations: Electrical penetrations are double sealed and testable. lfo~ 

penetrations are double sealed and testable. All other. penetration-s are single 
barrier. 

Weld Channels: Channels will be welded over seams in the bottom l_iner plate and 
tested b-efore appli.:.:atio,, of concrete. 
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Paoe 3. PWR 

Reactor: Watts Bar 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: There are two systems of spray headers for tlie upper 
compartment. Each system has two pumps, each rated 3500 gpm@ 300 psig. The 
spray system is designed to keep the containment pressure below 15 psig, the 
design pressure, even having metal-water reaction of 33% of the fuel. Two out 
of 4 high·containment.pressure signals initiate the system. 

Containment Cooling: Compartments are held at different max temperatures, ranging 
from llOF to 135F. Min temp is 60F. Recirculating fan-coil· units are used for 
cooling. Each unit has filters for air cleanup, including charcoal filters. 

Containment Isolation System: .Provides means for isolating various pipes passing 
through containment walls to prevent release of radioactivity to the outside en
vironment i~ case of LOCA. Each containment penetration not required to function 
following LOCA has two automatic isolation valve.barriers, one located outside 
containment and one inside. 

Containment Air Filtration: Emergency Gas Treatment. system filters air vented 
from containment after an acciuent. Air passes through a particulate filter, 
HEPA, and then clean, new charcoal filters. 

Penetration Room: Sketches on plant la;yout do not show penetration rooms 
labeled ~s such. 

Organic-Iodide Filter: No ~eference found. 

Hydrogen Recombiner: Section 14-1.8 discusses hydrogen generation, but no 
description is given ori how the generated gas i$. handled. 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Passive protection is provided by 4 tanks pressurized with 
Nitrogen which rapidly discharge their borated water (6350 gallon each) to the 
coolant system whenever system pressure drops below·accumUlator pressure of 600 
psig. Design capacity is based on assumption that flow from one accumulator 
spills onto the floor through a ruptured loop .and that flow from the other 3 
cover the. core to one-half the height. 

----- ~·· .. ------------'----=-----:--~:----'-------,--.,...~-.,..--.....,...-TT,.------......---I 
High-head Safet;r Injection: Two charging pumps operate.first each with capacity 
of 150 gpm at 21300 psig. When pressure drops to 1750 psig, 2 safety injection 
pi.imps start.. They have capacity ·of 400 gpm each. These pumps can supply water 
lost by small breaks. Concentrated boric acid is first injected by the charging : 
pumps. Then suction is taken from the re:fueling water storage tank. 

Low-head Safety Injection: Two pumps of the Residual Heat Removal System start 
operating at 6oo·psig and deliver 3000 gpm each from the ref'u~ling water storage 
tank. Core cooling systems are designed to flood the core to prevent or limit 
excessive damaging :fuel temperatures, and limit metal-water reaction to 1%. 
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Paae 4- PWR 

Reactor: Watts Bar 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel railure: All analyses performed indicate no possibilities for 
Mis.sile & Reactor Forces - vessel failure. 

Core Cooling Capability -

Containment Floodabilitz -

Reactor-Coolant Leak-Detection Slstems: The following methods are used to detect 
leakage from the coolant system: Air particulate monitor which measures gamma 
activity of matter, Radioactive gas monitor which meas·ures gaseous gamma activity, 
Humidity detector, .Condensate measurement as collected on cooling coils, Component 
cooling loop liquid monitor, Charging pump operation, Sump pump operation, and 
containment sump liquid level. 

Failed-Fuel-Detection Slstems: No reference found. 

Emergency Power: Consists of four 6900-volt, 3-phase, 60-cycle diesel generators 
with a nominal 2000-hr rating of 3800 kw each. The four generator sets are physi-
cally separated, electrically isolated from each other, and located above max 
possible flood. If one of the units fails to start or take load, the remaining 
3 units provide ample power to operate the necessary essential auxiliaries for 
one reactor unit under LOCA conditions and the other reactor unit in the shutdown 
mode. Each diesel generator supplies power to an independent shutdown board. Two 
of these bo.ards serve one reactor and the other two boards serve the other reactor 

Control of Axi.al Xenon Oscillations: 
Burnable Shims - Boron chemical-shim dilutes coolant. 

Part-Length Control Rods - There are 8 assemblies whicn are movable. 

In-Core Instrumentation - There are thermocouples and fission chamber 
detectors which measure neutron flux distribution. 

. Unborated Water Control: For dilution during refueling and startup, there is ample 
time of 1 hr for operator to see the high count rate signal and manually terminate 
dilution flow. With reactor in automatie control at full power, the power and 

' 
temp increase from boron dilution results in insertion of the RCC assemblies and 
a decrease in the shutdown margin. Rod insertion limit alarms provide operator 
with 15 min time to determine the cause of dilution, isolate the water source, and 
initiate reboration. Also, there is ample time of 15 min, in manual control to 
correct dilution of the coolant. 

·._Long-Term Cooling - Internal or External sis terns: Water spilled from a ruptured 
.coolant loop and containment spray and ice condenser drainage are collected, 
cooled and ·recirculated through the core. This water is delivered by low head 
pumps to the reactor when pressure is low. If pressure remains.high, recirculated 
water is delivered to the reactor by high head pumps taking their suction from 
the discharge of the low head pumps. 



275 

Page 5, PWR 

Reactor: Watts ·Bar 
F. MISCELLANEOUS 

Winds peed, Direction Recorders, and Seismographs: Meteo:rologi.cal data collectiom 
at site will be started 3.5 yr before operation (late 1972J. Strong motion earth
quake recording instri.lmentation will be installed, one on the base slab, and one on 
the ground remote from the main .structur·P.. 

Plant Operating Mode: Load following. 

S~te Features: Located on the west bank of Chickamauga Lake about 1 mile below 
Watts Bar Danr; The site is gently rolling and wooded. The surrounding area is 
rolling to billy 11.hout 65% wooded auu 25% agricultural land. In a 2-mi radius, 
permanent population.is 210 with· a possible influx of 1825 recreational people. 
Within a 5-mi radius there are 1805 permanent residents. Si t.e grade is 728' . 
'Lake normal pool is 683. Max probable flood height is 745', which assume·s collapse 
of Watts Bar Dam in addition to other contributing factors . 

. ,.Turbine Orientation: Ejected turbine blades cannot str1.K.e containment si;ruci;ure. 

Emergency Plans: Emergency manual contains precautionary planning, delegation of 
authority and responsibility, and plans of action tb protect the public, plant em
ployees, and equipment in case 9f unusual· incidents. Manual will contain plans to 

.. control general emergencies such as fire, air raid~ personnel. injury and unlikely 
events which could result in release of significant amounts of radioactivity to 
the public. Outside agencies can be called on for assistance. 

Environmental Monitoring Plans: A program will begin 2 years before startup and 
will continue through startup and operation. The program as outlined herein is sub 
ject to change based on evaluation· of similar programs at Browns Ferry and Sequoyah 

.nuclear plants. The program will be coordinated closely with other agenGies' pro
grams such as the nationwide fallout. sampling and water quality networks and the 
radiological health program of the State of Tenn. The program will include measure 
ments of gamma radiation and sampling of airborne radioactivity, fallout particu
late matter, rainfall, surface water, well and public water supplies, soil, 
vegetation, milk, fish, clams, bottom sediment, plankton, and.river water. 

Radwaste Treatment: Facilities are designed so discharge of effluents and off-site 
shipments are in accordance with 10CFR20, lOCFRTl, and lOCFRlOO. Radioactive gases 
are pumped by compressors to a gas decay t·ank where th"'Y ::i.re held for deca:t. Cover 
sa.oco of ni t1·ugen tor blanketing are re~sed to minimize gaseous wastes. During nor 
mal operation, gases are discharged at a controlled rate through the monitored plan1 
vent. Liquid wastes are processed to remove most radioactive mater.ials. Spent 
resins, filter cartridges and concentrates from evaporators are packaged for off
site dis.PQsal, as are all other solid wastes • 
. ~tack ~ight - Plant vent is on top of containment structure about 150' above gradE 

Waste Heat System: Two hyperbolic cooling towers· will be provided for a closed 
loop system. Makeup for blowdown and evaporation ··will be supplied _from the Raw 

: Cooling Water System, which takes its' water from the lake. All liquids released 
back to the lake go through the 20 acre discharge holding pool. No data on flows 
are available. 
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REACTOR NAME Watts Bar Nuclear Plant 
G. CIRCULATING WATER SYSTEM 

& SITE FEATURES 

THERMAL TYPE or NUCLEAR 

OUTPUT, HWt 3411 STEAM SYSTEM PWR 

NEARBY BOUY or WAT.E;R Chickamauga Lake 

SIZE or SITE 1770 ACRES 

.TOPOGRAPHY OF SITE Flat to Rolling 

DOCKET NO. 50-390 

50-3~1 

NORMAL LEVEL 683' (MSL) 

MAX PROB FLOOD LEVEL 745 I (MSL) 

SITE GRADE ELEVATION 728' (MSL) 

~-----~--------------------~ OF SURROUNDING AREA.(5 MI RAD) Rolling to Hilly. ~--------...;;_ ______________ _ 
TOTAL PERMANENT POPULATION IN 2 HI RAD 210* (1970) IN 5 MI RAD 1805 (1970 ) 

NEAREST CITY· OF 50 
1
000 POPULATION __ C_h_a_t_t_a_n_oo...;g;;..a_,;...._T_e_nn ___________ _ 

•'<P~~ summer. 
i~2S~aance is DISTANCE FROM SITE 45 MILES POPULATION 154 ,910 (1970 ) 

LAND USE IN 5 MILE RADIUS Wooded - 65%, and Agricultura:i. "'.'. 25% 

CIRCULATING WATER SYSTEM TYPE OF SYSTEM Closed loop with ·cooling towers 

WATER TAKEN FROM Chickamauga Lake FOR ~akeup 

WATER BODY TEMPERATURES - WINTER AVG 43 F min SUMMER AVG 82 F max AVG - F ---- ~ 

RIVER FLOW 26,480 (cfs) avg 

*TOTAL FLOW THROUGH CONDENSERS 

*QUANTITY OF MAKEUP WATER (gpm) -----

. . 

-----
COOLING TOWERS Two hyperbolic towers for the two reactor units 

JIUCU:Alt SAFET'f ;INFORMATION CENTER 

F 
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SUMMER, 50-395 (PWR) Page 1 

Project Name: Virgil C. Summer Nuclear Reactor: Summer· 
Station Unit 1 A-E: Gilbert Associates 

Location: Fairfield Co., S.C.* Vessel Vendor: Not specified 
Owner: South Carolina Elec. & Gas co·. Docket No.: 50-395 
NSS Vendor: Westinghouse Containment Constructor: Not specified 
*Site is 26 mi N of Columbia, s.c. 

A. THEIU1AL-HYDRAULIC B. NUCLEAR 

Thermal. Output, 
2785 H20/U, 4;18 

MWt Cold 
Electrical Output, 

900 Avg 1st-Cycle 13,700 
MWe Burnup, MWD/MTU 
Total Heat Output for 

2914 
First Core Avg 23,000 

Safety Design, MWt Burnup, MWD/MTU 
Total Heat Output, 

.9471 x 106 Maximum Burnup, ---
Btu/hr : MWD/MTU 
System Pr~ssure, 

2250 Region-1 2.0 
psia · Enrichment, .% 
UN.t:SR, 2.12 Region 2 2.7 
Nominal Enrichment, % 
Total Flow rate, 105.4 x 10G Region·· 3 3.35 
lb/hr Enri chm en t, % 
Eff Flowrate tor keff, Cold, No 1.179 --- : Heat Trans lb/hr Power, Clean 
Ef f Flow Area for 41.8 keff• Hot, Full Power 1.081 
Heat Trans, 2 Xe and Sm ft 
Avg Vel Along 15.3 Total Rod 7 
Fuel Rods, ft/sec Worth, % ·-· Avg Mass Velocity 2.41 x 106 Shutdown Boron, No 1360 
lb/hr-ft 2 Rods, Clean, Cold, ppm 
Nominal Core 554.5 Shutdown Boron, No 1330 
Inlet Temp, OF Rods; Clean, Hot, ppm 
Avg Rise in 68 Boron Worth, Hot, 8.0 
Core, OF llk/k 
Norn Hot Channel Boron Worth, Cold, 6.0 ---Outlet Temp, OF llk/k 
Avg Film Coeff, Full Power Moderator (+.3 to -4.0) ---Btu/hr ft 2, °F Temp Coeff, /::,k/k/°F x 10-4 
Avg Film Temp Moderator Press (-0.3 to +4.0) ---
Diff, OF Coeff, /::,k/k/psi x 10-6 
Active Heat Trans 42,460 Moderator Dens Coe ff -0.l to +0.3 
Surf Area, ft 2 cm3/irnm 
Avg Heat Flux, 217,300 Doppler Coefficient, (-1.0 to· :-1. 6) 
Btu/hr f t 2 · /::,k/k/°F x 10-S 
Max·Heat Flux 580,000 Shutdown Margin, Hot 

1 Btu/hr ft 2 One Rod Stuck % /::,k/k 
Avg Thermal 7.0 Burnable Poisons, Borosilicate glass 
Output, kw/ft Type and Form in SST tubes 
Max Thermal 18.8 NumhP.r of r.oritrol 

960 Output, kw/ft Rods 48x20 
Max Clad Sur- 657 Number of Part-Length · 

100 face Temp, 9p (PLR) 5x20 ! Kods 
No. Coolant 

3. Loops 

Compiled By: Fred Heddleson 
Date: July 1971 
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P!>oo 2 PWR 
Reactor: Summer 

c. SAFETY-RELATED DESIGN GRITERIA 

Exclusion Distance, M~. 1 rad. Design Winds in mph: 

Low Population Zone Dist., Mi. 3 At 0 - 50 ft elev 100 

Metro2olis Distance Po2ulation 50 - 150 ft 
C9lumbia,S.C. 26 mi ll3,542 ('70) 
. Design Bas is Earthquake 150 - 400 ft 
Accel., g 0.12 

Operating Basis Earthquake Tornado 300 mph tang + 60 trans Accel., G 0.10 

· Earthquake Vertical Shock, 67 t:,p = 3 psi/ ---sec · % of Horizontal 

Is intent of 70 Design Criteria satisfied? Yes, Section 1.5 states that II ... statio1 
has been designed to comply with the S.C. Elec. & Gas Co. understanding of the in-
.tent of the .... criteria·." 

D • ENGINEERED SAFETY FEATURES 
.\ 

Dl. CONTAINMENT 

Design Press, 55 Calculated Max 151 w/max. Zr-
psig Internal Press, psig water reaction 
Max Leak Rate at 

· Design Press, %/day 0.2 

Type of Construction: Reinforced concrete structure with a 4' cylindrical wall> a 
flat foundation mat, and a 3' shallow dome roof. Foundation slab and the cylindri 
cal wall is reinforced with conventional mild-steel reinforcing, the wall pre-. 

. stressed with a post-tensioning system in the vertical and horizontal directions • 
Dome roof is prestressed with a three-way post-tensioning system. The inside 
surface is lined with 1/4" thk carbon steel. 

) 
---···· ........................ ~ ,,. ... , ·~' ..... ,., ............ ~- ... . ·-- --Design Basis: Designed to contain radioactive material released from the core 

following a LOCA. The concrete shell ensures that the structure has linear re-
sponse to all loads, and that the structure strains within such limits so that 
integrity of tlie liner is not lost. Design LOCA is based on double-ended rupture 
of the largest coolant pipe. 

Vacuum Relief Ca2abilit~: Designed f.or 2.5 psig external pressure. 

Post-Construction Testing: Containment will be pressure tested at levels of 
30, 55, and 63.3 psig. Leak-rate test will be run at 55 psig and about half of 
that. Post-operational leakage rate tests will be run periodically. 

Penetrations: All are double-barrier sealed and individually testable. 

Weld Channels: Test ch~nnels wj,11 cover seam welds on the base, pits, and weld 
. seam between liner and penetration. Some other critical are.as will use test 
chi;lnnels. 
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Pa~e 3. PWR 

Reactor: Summer 
D2. CONTAINMENT SAFETY FEATURES 

Containment Spray System: In the event of a major LOCA the system sprays an 
alkaline solution into containment to reduce post-accident energy and to remove 
fission product iodine. The system consists of two pum~s (~500 gpm @ 2?0 psig. 
each), two spray headers, piping, valves, etc. System is sized to furnish _100% 
design cool:i ng capacity with both spray paths in operation; however, both paths 
operate independently. 

Containment Cooling: System designed to limit temp in containment to a 1'.1ax or .. 
120F during normal operation. There are 3 units, each with 2 fans, ~ooling coils, 
roughing filters, etc. Each unit is rated· for 1/2 of emergency cooling load. Two 
of the 3 units are connected for emergency diesel power operation. 

Containment Isolation System: Jsolation occurs on signals from ESF actuation 
system; closes fluid penetrations not required for operation of ESF to prevent 
leakage of radioactive materials to the environment. Fluid penetrations serving 
ESF have valves which may be closed from the control room. Remotely operated 
reactor building isolation valves are provided with control devices· and position 
limit indicators in the control room. 
Containment Air Filtration: Reactor building air is recirculated through a char

coal filter cleaning system consisting of fan, roughing filters, HEPA filters and 
charcoal filters. Purge exhaust has roughing and HEPA filters. 

Penetration Room: There is a penetration area shown on the mezzanine plan. 

Organic-Iodide Filter: No reference found . 

Hydrogen Recombiner: Recombiner not mentioned. Table 14.6 shows hydrogen 
generated by Zr-water reaction as. 6162 SCF and will be complete in one day. 
Analysis in Sec ti on 14 assumes H? burn~s:......::a~s:....:i::..· t:::....i:;' S::.._.::..:::~e~n~e~r~a::.!t::.::e:.:d::..·:.....-----------~ 

D3. SAFETY INJECTION SYSTEMS 

Accumulator Tanks: Three tanks each containing 7000 gallons of borated water are 
pressurized to 650 psig with nitrogen gas. When pressure in the coolant system 
drops below the accumulator pressure, 2 check valves in series open and borated 
water from each of the tanks is injected into the 3 cold legs of the reactor. 

High-head Safety Injection: Three charging pumps (150 gpm @ 2750 psig each) inject 
concentrated boric acid and borated water from the refueling water storage tank 
when the injection signal is received. These pumps can supply coolant lost from a 
small leak. Pumps deliver water to the 3 hot legs and 3 cold legs through separate 
headers. 

Low-head s·~fety Injection: Large breaks which rapidly depressurize the system 
cause the accumulators to functton at ahout 600 psig. Tli~ low head pumps then 
start operation, taking suction from the refueling water storage tank and pump 
borated water into the reactor. Two pumps of the residual heat removal system 
serve this function. They are rated 3750 gpm @ 600 psig. 
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a2e . P 4 PWR 

Reactor: Sunnner 
E. OTHER SAFETY-RELATED FEATURES 

Reactor Vessel Failure: No reference found. 
Mis.sile & Reactor Forces -

·. 
Core Cooling Capability -

Containment Floodabilitx -

Reactor-Coolant Leak-Detection Sxstems:Means shall be provided to detect signif i-
cant uncontrolled leakage. Positive indications in the control room alert the 
operator of leakage. Separate systems provide leakage data from the following: a) 
reactor head to vessel closure joint, and b) in-core instrumentation seal table. 
Gross leaks might be detected by increases in coolant makeup water required to 
maintain normal pressurizer level. This is a low precision measurement. Positive 
indications in the control room of leakage are provided by continuous monitoring of 
'!Iii;,.. ........ <6-.: .. ,,...: ........ --..:I ·- "& 

Failed-Fuel-Detection sxstems: No reference found. 

Emergencx Power: Two 7200-v, 3-phase, 60-cycle diesel-gen~rator. sets supply on-
site emergency power. Units are set up as independent systems each capable of 
supplying power to one set of engineered safety.features. Day tank supplies fuel 
for 3 hrs operation and fuel can be transferred to the day tanks from buried 
storage tank. Units are housed in tornado and earthquake proof buildings. ·. 

Control of Axial Xenon Oscillations: 
Bµrnable Shims - Boric acid in the reactor coolant. 

Part-Len8th Control Rods - Yes, 5 assembl.i.es will control axial power 
distribution. 

In-Core Instrumentation - Provides information on neutron flux distribution 
and fuel _assembly outlet temperature. 

Unborated Water Control: Two separate operations are required for dilution: 
a) the operator must s.witch from automatic makeup mode to dilute mode; b) the 
start button must be depressed. Lights on the control boar.d indicate operation of 
dilution pumps. Alarms are actuated if boric acid or demineralized water flow 
rates deviate from preset values. For all these reasons, excessive dilution is 

·most improbable. 

Long-Term Coolin~ - Internal or External Sxstems: Two pumps of the residual heat 
removal system pump recirculated borated water from the containment sump. Two 
heat exchangers can be used to cool the water. Pump capacity is 3750 gpm each at 
600 psig. 
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Reactor: Summer 
F. MISCELLANEOUS 

WindsEeed, Direction Recorders, and SeismograEhs: Data collected for several years 
using a tower erected at CVNPA tube-type reactor. A new program will be initiated. 
to verify former data. A 200' tower will be used. Seismographs not mentioned. 

·Plant OEerating _Mode: Load following. 

S_ite Features: Will be located on a site being developed by S.C. Elec & Gas con-
sisting of 11,000 acres near Paar, s.c. The complex will consist of Parr reser-
voir, newly formed Monticello Lake, the Summer facility and pumped storage hydro 
U9ing the two reservoirs. The area is sparsely inhabited and mostly wooded. Land 
is rolling to hilly. In a 2-mi radius there are 144 inhabitants and in 5 mi, 1211. 
A fossil fuel plant and the decommissioned CVfR is at Parr. I-26 runs NW-SE about 

-10 miles south of the site. 

Turbine Orientation: Ejected turbine blades could strike the containment st.rue·--· 
ture. A General 
Sect '> 

Electric Co. report on turbine failure is included at the end of 

Emergenc:t Plans: Objective is to protect personnel and property from potential harm 
and danger caused by accidental release of radioactivity. Both on and off-site '; 

emergencies will be covered with on-site employees, visitors, hospital and ambu-
lance personnel, county, state and local authorities. The Plant Supt. will have 
responsibility for procedures. Employees will participate in periodic drills, and 
off-site personnel will do so to the extent practical. 
Envirorunental Monitoring Plans: Prior to operation, an environmental radiological 

surveillance will be initiated. Selected biota, a_ir, water, soil and foods in-
gested by man and animals will be "monitored. The survey will ·provide background 
data on the amount, type and source of radioactivity in the vicinity of the Sta-
tion. The data will be used to estimate population exposure, verify adequacy of 
control, demonstrate the quality of the monitoring and suitability of the detection 
equipment, and provide a source of data for public information. The surveillance 
program will continue into the operational phase of the station. 

Radwaste Treatment: System incorporates features _of Westinghouse environmental 
assurance system to provide for treatment of r.adioactive· liquid, gaseous, and solid 
wastes. The liquid waste system collects, processes and recy<;.les rF>actor grade 
water, removes or conrentratco radioactive constituents and processes them until 
suitable for release or shipment off-site. The gaseous waste system removes fis-
sion product gases from the coolant· and the boron recycle evaporator and contains 
these gases during normal operation. Solid wastes are packaged for shipment to 

oEf;~ktfie~~~o~al. 
No reference found to-a stack. 

Waste Heat S;tstem: A once through system will take water from Lake Monticello and 
discharge back into the lake. Lake Monticello will be ll sq miles or 7000 acres. 

.Flow through condensers will be ~85,000 gpw with 2SF temp rise. Temperature varia-
tion in Monticello will be from 52F winter average to 91F summer average. 
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G. CIRCULATING WATER SYSTEM 
& SITE FEATURES 

1(LACTOR NAME Virgil C. Summer 

Nuclear Station, Unit 1 

THERMAL TYPF. or tH.JCLEAR DOCKLT no. 50-395 

2785 STEAM SYSTI.:M PWR OUTPUT, MWt -----
· tH;AJWY BOUY or WAT~R ___ ,..L_a_k_e_M_o_n_t_i_ce_l_l_o __ _ IWHMAl. l,EVl:L 425 (:1SI..) 

(11 sq. miles - 7000 acres) MAX PROi.i FLOOD. LEVLL (:·ISL) ------
SIZE or SITE 11,000 ACRES including reservoir SITE GRADE J.:LEVATIOil v437 (:-ISL) 

TOPOGRAPHY OF SITE Rolling ------------------------------------------------0 F SURROUNDING AREA (5 MI RAD) ______ R_o_l_l_i_ng __ t_o __ H_i_l_l_Y _________________________ _ 

TOTAL PERMANENT POPULATION IN 2 MI RAD 144 ( 19 70) IN 5 MI RAD 1211 (1970) 

NEAREST CITY OF ~0,000 POPULATION _____ co_· l_u_m_b_i_a_, __ s_. __ c_. ________________________ ~ 

DISTANCE FROM SITE 26 MILES POPULATIW. 113, 542 (19 70 ) ----
LAND USE IN 5 MILE RADIUS Wooded - 80%, Agricultural- 10% 

CIRCULATING WA Tl:;R SYSTEM TYPE OF SYSTEM Once Through 

WATER TAKEN FROM Lake Monticello FOR Condenser Cooling 

WATER BODY TEMPERATURES - WINTER AVG 52 F SUMMER AVG 91 F AVG 72 r 

RIVER FLOW NA (cfs) QUANTITY OF MAKEUP WATl.:R (gpm) 

TOTAL FLOW THROUGH CONDENSERS 485 ,000 (gpm)/unit TEMPERATliRE RISi:: 25 i' 

HEAT REMOVAL CAPACITY OF CONDENSERS (Btu/hr) 

COOLING. TOWERS None 
--------------------------------------------~ 

OTHER INFORMATION 6;6 x 109 Btu/hr waste heat. Lake Mon.ticello will be used i11 

conjunction with Parr Reservoir for 430 MWe pumped 
-~---:---:---:---.~--o;;:;:::------.-......:..-:-':.,.----;~=-=-"F-""'"'--·-·--······--·-
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