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1.0 INTRODUCTION AND SUMMARY

1.1 PROJECT IDENTIFICATION

This Final Safety Analysis Report (FSAR) was originally submitted in support of the application
of the Georgia Power Company (GPC), herein designated as the Applicant, for a facility
operating license for the Edwin I. Hatch Nuclear Plant-Unit 1 (HNP-1) for power levels up to
2436 MWt under section 104(b) of the Atomic Energy Act of 1954, as amended, and the
regulations of the Atomic Energy Commission (AEC) set forth in Part 50 of Title 10 of the Code
of Federal Regulations (10 CFR 50). Pursuant to an application dated September 18, 1992, the
NRC issued operating license amendments on March 17, 1997, effective March 22, 1997,
designating Southern Nuclear Operating Company (SNC) as the exclusive operating licensee of
HNP. SNC has no ownership interest in HNP.

The HNP-1 is located at a site near Baxley, Georgia. The operating license was issued on
August 6, 1974, and commercial operation began December 31, 1975. The gross electrical
output of HNP-1 was ~ 813 MWe, which corresponds to a net output of ~ 786 MWe. The
HNP-1 facility operating license was revised to increase the maximum power level to 2763 MWH1.
The Technical Specifications (Appendix A to the operating license) were revised by Amendment
No. 214. Renewed operating license No. DPR-57 for HNP-1 was granted by the NRC on
January 15, 2002, in accordance with the provisions of 10 CFR 54. In Amendment No. 238 to
the Technical Specifications, the HNP-1 operating license was revised to increase the maximum
power level to 2804 MWi.

1.1.1 IDENTIFICATION AND QUALIFICATIONS OF CONTRACTORS

1111 Applicant Licensee

See subsection 1.4.2 of the HNP-2-FSAR.

1.1.1.2 Architect Engineer

See subsection 1.4.3 of the HNP-2-FSAR.

1.11.3 Nuclear Steam Supply System Supplier

See subsection 1.4.4 of the HNP-2-FSAR.

1.1.1.4 Turbine-Generator Supplier

GE designed, fabricated, and delivered the HNP-1 turbine-generator, as well as provided
technical assistance for installation and startup of this equipment. GE has a long history in the
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application of turbine-generators in nuclear power stations which extends back to the inception
of nuclear facilities for the production of electrical power.

1.1-2 REV 22 9/04



1.2 DEFINITIONS

HNP-1-FSAR-1

The following definitions apply to the terms used in the FSAR:

A

Engineered Safeguard

An engineered safeguard performs design functions that are required actions
(HNP-2-FSAR subsection 15C.2.3) to assure conformance with safety analysis
event acceptance limits for accidents (HNP-2-FSAR subsection 15.1.5).

Nuclear System

The nuclear system generally includes those systems most closely associated with
the reactor vessel which are designed to contain or be in communication with the
water and steam coming from or going to the reactor core. The nuclear system
includes the following:

Reactor vessel.
Reactor vessel internals.
Reactor core.

Main steam lines from the reactor vessel to the isolation valves outside
the primary containment.

Neutron monitoring system.

Reactor recirculation system.

Control rod drive system.

Residual heat removal system.
Reactor core isolation cooling system.
Emergency core cooling system.
Reactor water cleanup system.

Feedwater system piping between the reactor vessel and the first
valves outside the primary containment.

Low-low set relief logic system.

Pressure relief system.
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Power Generation

The phrase "power generation", when used to modify such words as design basis,
evaluation, and objective, indicates that the design basis, evaluation, or objective is
related to the mission of the plant, which is to generate electrical power, as
opposed to concerns considered to be of primary safety importance. Thus, the
phrase "power generation" is used to identify aspects of the plant which are not
considered to be of primary importance with respect to safety.

Power Generation Design Basis

The power generation design basis for a system states in functional terms the
unique design requirements which establish the limits within which the power
generation objective shall be met.

Power Generation Evaluation

A power generation evaluation shows how the system satisfies some or all of the
power generation design bases. Because power generation evaluations are not
directly pertinent to public safety, they are generally not included. However, where
a system or component has both safety and power generation objectives, a power
generation evaluation can be used to clarify the safety versus power generation
capabilities.

Power Generation Objective

A power generation objective describes in functional terms the purpose of a system
or component as it relates to the mission of the plant. This includes objectives
which are specifically established so the plant can fulfill the following purposes:

1. The generation of electrical power through planned operation.

2.  The avoidance of conditions which would limit the ability of the plant to
generate electrical power.

3.  The avoidance of conditions which would prevent or hinder the return to
conditions permitting the use of the plant in order to generate electrical power
following an anticipated operational occurrence, accident, or special event.

Safety

The word safety, when used to modify such words as design basis, evaluation, and
objective, indicates that the design basis, evaluation or objective is related to
concerns considered to be of safety significance, as opposed to the plant mission
which is to generate electrical power. Thus, the word safety is used to identify
aspects of the plant which are considered to be of primary importance with respect
to safety.
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Safety Design Basis

The safety design basis for a system states in functional terms the unique design
requirements that establish the limits within which the safety objective shall be met.

Safety Evaluation

A safety evaluation shows how the system satisfies the safety design basis. A
safety evaluation is performed only for those systems having a safety design basis.

Safety Objective
A safety objective describes in functional terms the purpose of a system or
component as it relates to conditions considered to be of primary significance to

the protection of the public. This relationship is stated in terms of radioactive
material barriers or radioactive material release.
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1.3 METHODS OF TECHNICAL PRESENTATION

1.3.1 PURPOSE

The purpose of this Final Safety Analysis Report (FSAR) is to provide the technical information
required by section 50.34 of 10 CFR 50 to establish a basis for evaluation of the plant with
respect to the issuance of a facility operating license.

1.3.2 RADIOACTIVE MATERIAL BARRIER CONCEPT

The relationship between plant behavior and offsite radiological effects is reflected in the design
of this plant; therefore, information presented in this report about a system or component is the
relationship of the system or component to the radioactive material barrier. Systems that must
operate to preserve or limit the damage to the radioactive material barriers are described in
detail. Systems that have little relationship to the radioactive material barriers are described in
only as much detail as is necessary to establish their functional role in the plant.

1.3.3 ORGANIZATION OF CONTENTS

1.3.31 Subdivisions

The FSAR is organized into 14 chapters, each of which consists of a number of sections that
are numerically identified by two numerals separated by a decimal; e.g., 3.4 is the fourth section
of chapter 3. Further subdivisions are referred to as subsections and then as paragraphs.

Section 1.6 presents a brief description of the plant. Chapter 2 contains a description and
evaluation of the site and environs, and supports the suitability of the site for reactors of the size
and type described. Chapters 3 through 13 present detailed information about the design and
operation of the plant. The nuclear safety systems and engineered safeguards are integrated
into these chapters according to system function (e.g., emergency core cooling, control), system
type (e.g., electrical, mechanical), or their relationship to a particular radioactive material barrier.
Chapter 3, Reactor, is cross-referenced to HNP-2-FSAR chapter 4, which describes plant
components and presents design details that are most pertinent to the fuel barrier. Chapter 4,
Reactor Coolant System, describes plant components and systems that are most pertinent to
the nuclear system process barrier. Chapter 5 describes the primary and secondary
containments. Thus, chapters 3, 4, and 5 are arranged according to the four radioactive
material barriers.

Chapters 6 through 13 group system information according to plant function (e.g., radioactive
waste control, emergency core cooling, power conversion control), or system type, (e.g.,
electrical, structures). HNP-2-FSAR chapter 15, Safety Analysis, provides an overall safety
evaluation of the plant which demonstrates both the adequacy of equipment designed to protect
the radioactive material barriers and the ability of the safeguard features to mitigate the
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consequences of situations in which one or more radioactive material barriers are assumed
damaged.
The general organization of a section that describes a system or component is as follows:

. Objective.

. Design basis.

. Description.

. Evaluation.

. Inspection and testing.
To clearly distinguish the safety aspects versus the power generation aspects of the system, the
objective, the design basis, and the evaluation titles are modified by the word "safety" or the
words "power generation" according to the definitions given in section 1.2. A safety evaluation
describes how the system satisfies the safety design basis. A power generation evaluation is
included when clarification of the safety and the power generation functions is needed.
Applicable supporting technical material is referenced within each section of the text.
The appendices discuss, and in some cases provide a reference for the nuclear safety
operational analysis, the Technical Specifications, the quality assurance program, the inservice
inspection program, the off-gas release rate limit calculations, and the various criteria used in
the design of the plant.

1.3.3.2 References

Refer to HNP-2-FSAR paragraph 1.1.8.3.

1.3.3.3 Tables, Fiqures, and Drawings

Refer to HNP-2-FSAR paragraph 1.1.8.4.

1.3.3.4 Numbering of Pages

Refer to HNP-2-FSAR paragraph 1.1.8.5.

1.3.3.5 Amending the FSAR

Refer to HNP-2-FSAR paragraph 1.1.8.6.
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1.3.3.6 Historical Information

Refer to HNP-2-FSAR paragraph 1.1.8.7.
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1.4 (Deleted)
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1.5 (Deleted)
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1.6 PLANT DESCRIPTION

1.6.1 GENERAL

1.6.1.1 Site and Environs

See subsection 1.2.1 of the HNP-2-FSAR.

1.6.1.2 Facility Arrangement

See subsection 1.2.2 of the HNP-2-FSAR.

1.6.1.3 Nuclear System

See subsection 1.2.3 of the HNP-2-FSAR.

1.6.1.4 Power Conversion Systems

See subsection 1.2.4 of the HNP-2-FSAR.

1.6.1.5 Electrical Power System

See subsection 1.2.5 of the HNP-2-FSAR.

1.6.1.6 Radioactive Waste Systems

See subsection 1.2.6 of the HNP-2-FSAR.

1.6.2 NUCLEAR SAFETY SYSTEMS AND ENGINEERED SAFEGUARDS

See subsection 1.2.7 of the HNP-2-FSAR.

1.6.3  SPECIAL SAFETY SYSTEMS

See subsection 1.2.8 of the HNP-2-FSAR.

1.6-1

REV 29 9/11



HNP-1-FSAR-1

1.6.4 PROCESS CONTROL AND INSTRUMENTATION

See subsection 1.2.9 of the HNP-2-FSAR.

1.6.5  AUXILIARY SYSTEMS

See subsection 1.2.10 of the HNP-2-FSAR.

1.6.6 STRUCTURES AND SHIELDING

See subsection 1.2.11 of the HNP-2-FSAR.

1.6.7 IMPLEMENTATION OF LOADING CRITERIA

See subsection 1.2.12 of the HNP-2-FSAR.

1.6.8 COMPONENTS MANUFACTURED OUTSIDE THE UNITED STATES

A. The 2-in. and smaller nuclear service gates, globe, and check valves used in HNP-1 were
designed and manufactured outside of the United States of America (USA).

1.

2.

The forging material used in these valves was made in the USA.

The fabricator is Velan Valve Corporation-Montreal, Canada. Velan is a reputable
valve manufacturing facility in Canada that has supplied valves for nuclear jobs
throughout the USA. Velan was the first company to secure the N stamp from the
American Society of Mechanical Engineers (ASME).

All valves were designed in accordance with the ASME Draft Code for Pumps and
Valves for Nuclear Power in force at the time of the purchase order.

The quality assurance (QA) program adhered to during the fabrication was Velan's
ASME approved program developed in response to Bechtel's purchase
specification--Quality Control Plans--and other requirements outlined in the
purchase order of these valves. Velan was assigned responsibility for ensuring the
proper and complete implementation of the program. In addition, Bechtel monitored
Velan's compliance with the program through all phases of the fabrication. Bechtel,
along with the owner, reviewed and approved the QA program.

B.  There were only three components within the General Electric (GE) scope-of-supply
fabricated in part or in whole outside the USA. These components were all procured from
Byron-Jackson Pump Division of Borg-Warner Corp-Los Angeles, California. All
engineering and design were performed by Byron-Jackson in accordance with GE
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purchase specifications. The following is a breakdown, by component, of the fabrication
work accomplished outside the USA.

1. Reactor Recirculation Pumps

Because of a strike at the GE Foundry in Schenectady where the pumps were cast,
the pump cases were sent to the Canadian GE Co, Ltd in Scarborough-Ontario,
Canada, for weld repair and performance of the core closure welds.

a.  All materials for this work were procured in the USA.

b. Canadian GE Co's previous experience includes fabrication of various
components, e.g., pressure vessels, control codes, fuel handling devices, etc.,
for heavy water reactors built in Canada.

c. The codes and standards applied to this work were the applicable USA codes
and standards in effect at the time of purchase placement with
Byron-Jackson-Los Angeles.

d. The QA program adhered to during this work was the Byron-Jackson Pump
Division program developed in response to GE's purchase
specification--Quality Control Plans--outlined in the purchase order for the
pump. Byron-Jackson Pump Division--Los Angeles was assigned
responsibility for ensuring the proper and complete implementation of the
program. In addition, GE monitored Byron-Jackson's compliance with the QA
program through all phases of fabrication.

2. Residual Heat Removal (RHR) & Core Spray Pumps

These pumps were both fabricated and tested by Byron-Jackson, Ltd., a division of
Borg-Warner Corp-Toronto-Ontario, Canada.

a. All materials, with the exception of the minor attachment materials for the
RHR pumps, were procured from Canadian firms.

b. Byron-Jackson fabricated the primary coolant pumps for every nuclear
power plant in Canada (CANDU, PICKERING & BRUCE), in addition to
the fabrication of numerous auxiliary and secondary pumps for nuclear
applications.

c. Same as 1.c

d. Same as 1.d
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1.6.9 THE EFFECTS OF ACCIDENTAL SPILLS IN THE RIVER

No commercial barge traffic travels on the Altamaha River, and the nearest upstream industrial
plant is located near Macon. Therefore, if any appreciable amounts of corrosive liquids were
released into the river at industrial installations located upstream, they would be diluted upon
reaching the plant site to a point that no damage would occur.

Any oil reaching the plant intake structure would float upon the surface of the river, thereby
minimizing the amount sent through the service water system. The heat transfer surfaces of the
heat exchangers might be affected initially, but the heat transfer safety factor and the continual
flushing of normal service water flow would negate the effect.

1.6.10 ESSENTIAL PIPING AND DUCTING OUTSIDE OF STRUCTURES

Essential piping and underground ducts that interconnect the reactor building, control building,
diesel generator building and the intake structure are indicated in figure 1.6-1, and drawing
nos. H-11353 through H-11355. All of the piping and ducting penetrates the reactor building
either below grade or through adjacent buildings.

The functional capability for these penetrations is verified by the same method as for buried and
interbuilding Seismic Class 1 piping described in paragraph 12.3.3.2.1.2. Tornado-generated
missiles will not impair the functional capability of the duct runs and penetrations.

Control cables for equipment installed in the diesel generator building are installed in cable
ducts to the control building. Three underground reinforced concrete ducts and pullboxes are
designed for these cables. One duct contains control cables for one generator and one division
of redundant engineered safety feature (ESF) cables. The second duct contains cables for the
second generator and the second division of ESF cables. The third duct contains control cables
for the third generator.

Cables for HNP-1 and HNP-2 of the same ESF division are installed in separate ducts
connected to the same pullboxes. A concrete barrier is built into each pullbox to separate
HNP-1 and HNP-2 cables. Ducts for each division are separated from each other with a
minimum of 12 in. between the wall of the pullbox and the adjacent duct. Since each division
duct run contains cables for both HNP-1 and HNP-2, a duct section for Unit 2 exists between
two Unit 1 division ducts. This gives at least 6 ft of separation between ducts for division cables
of the same unit. Due to the spacing between ducts and pullboxes, it is thought that a tornado
missile, assumed to be a single timber or beam, cannot damage cables of both ESF divisions.
Additionally, there is a minimum of 18-in. ground cover over the reinforced concrete duct, which
provides protection against tornado missiles. This protection was confirmed by calculations
using the modified Petry formula. The most severe tornado missile was postulated to be a
12-in. x 4-in. x 12-ft timber, which strikes the ground with a vertical velocity of 115 mph. An
additional missile was investigated that strikes the ground with a vertical velocity of 115 mph
and a horizontal velocity of 300 mph (strikes ground at an angle of 21 degrees and a velocity of
320 mph). For purposes of calculation, the ground cover was assumed to be sandy soil (a
conservative assumption). Additional investigating of intermediate angles showed the 21-
degree missile to be the worst case. Calculations showed that the vertical missile could only
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penetrate 8 1/2 in. of sandy soil, as opposed to the 18 in. it would have to penetrate to strike a
duct. For the 21-degree missile to strike a duct, it would have to penetrate over 50 in. of dirt,
but calculations showed that it could penetrate only 44 in. of sandy soil. In these calculations no
credit was taken for deflection as the missile enters the ground. Additional protection for the
cables inside the duct is provided by the reinforced concrete of the duct, which has 4 in. of
reinforced concrete between the first row of cables and the top of the duct.

The pullboxes are designed to meet seismic conditions. Boxes installed in roadways have steel
cover plates designed for heavy truck traffic. Boxes installed out of traffic patterns extend 6 in.
above grade and have a cover of 1/2-in. aluminum tread plate with reinforced T-sections on the
bottom of the cover plate. Steel angles are embedded in the tops of boxes, and cover plates
are secured to the angles with bolts. Gaskets are installed between cover plates and the angle
frame.

Two Class 1 ducts, one for each ESF division cables are installed between the diesel generator
building and the reactor building and between the diesel building and the intake structure.
Nominal grade for areas between the diesel generator building and the reactor building and
between the diesel generator building and the control building is el 129.0 ft. The ducts from the
diesel generator building to the intake structure start at a grade of el 129.0 ft and slope to

el 110.0 ft at the intake structure.

The probable maximum flood level has been estimated at el 105.0 ft. (See HNP-2-FSAR
paragraph 2.4.3.5). The maximum wave crest above maximum flood level would reach

el 108.3 ft. (See HNP-2-FSAR paragraph 2.4.3.6.) Since all pullboxes have a gasket under the
cover, the pullboxes cannot flood from surface water. All pullboxes are installed above

maximum flood level, with the exception of two. |

One pullbox is installed on each side of the intake structure with the top at el 110.0 ft and the
floor of the box at el 103.75 ft. The centerline of the bottom row of conduits is located at

el 104.83 ft and the second row at el 105.38 ft. Since the pullbox cover has a gasket, spray
from water striking the structure during wave action above maximum flood level would not enter
and cause flooding of the pullbox.

At the maximum flood level, water could back up through the drain and flood cables in the
bottom row of conduits. Since the maximum flooding is highly intermittent and of relatively short |
duration, the problem of flooding should cause no problem for the cables.

Even if water can enter the pullbox through the drain, all conduits leaving the pullbox continue
upward. One set of conduit continues to the diesel generator building at el 130.0 ft, and the
other set continues to a pullbox above el 111.0 ft in the intake structure.

Water in the pullbox cannot follow the conduits causing damage to electrical equipment.
Some ductbank pullboxes have submersible sump pumps installed to manage the

ground/rainwater seepage that enters them in an effort to prevent submerged/wetted cables
from occurring. All other pullboxes are manually pumped on a PM schedule.
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1.7 COMPARISON OF PRINCIPAL DESIGN CHARACTERISTICS

See subsection 1.3.1 of the HNP-2-FSAR.

1.71 REV 19 7/01



HNP-1-FSAR-1

1.8 (Deleted)
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1.9 PLANT MANAGEMENT

1.9.1 ORGANIZATIONAL STRUCTURE

The Edwin |. Hatch Nuclear Plant (HNP) is operated by Southern Nuclear Operating Company
(SNC). The operating, technical, and maintenance staffs are employees of SNC.

The detailed HNP site organizational chart is shown in figure 13.1-3 of the HNP-2-FSAR. The
plant is under the direction of the vice president-Hatch, who has the authority and responsibility
for the safe operation of the plant. The vice president-Hatch reports to the SNC executive vice
president.

1.9.2  TRAINING

The operating, maintenance, and technical staffs receive extensive training and instruction in
academic subjects and practical operations. These instructions are given both within and
outside the plant to qualify the staff for their responsibilities and enable them to obtain United
States Nuclear Regulatory Commission operator and senior operator licenses, where required.
Detailed training plans are described in section 13.2 of the HNP-2-FSAR.

1.9.3 SAFETY RESPONSIBILITIES

SNC is responsible for the selection and training of personnel, all plant operations, and the
execution of written normal and emergency procedures. The General Electric Company was
responsible to the Applicant for the design of the nuclear steam supply system and provision of
technical guidance during startup.

1.9.4 EMERGENCY PLANS

All anticipated emergencies are covered by detailed written procedures. The appropriate

personnel are trained in these procedures; periodic tests and reviews are conducted. An outline
of the emergency procedures is presented in section 13.5 of the HNP-2-FSAR.
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1.10 QUALITY ASSURANCE PROGRAM

The Quality Assurance Program for Design and Construction is no longer in effect. The
Operational Quality Assurance Program is described in chapter 17 of the HNP-2-FSAR.

1.10-1 REV 19 7/01
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1.11 RESEARCH, DEVELOPMENT, AND FURTHER INFORMATION REQUIREMENTS
AND RESOLUTIONS SUMMARY

The design of the General Electric boiling water reactor (GE-BWR) for HNP-1 is based upon proven
technological concepts developed during the development, design, and operation of numerous similar
reactors. The Atomic Energy Commission (AEC), in reviewing HNP-1 docket and other dockets at the
construction permit stage, identified several areas where further research and development efforts were
required.

Several topical reports have been filed in support of the initial license application. These topical reports
are listed in table 1.11-1.

Table 1.11-2 is a topic-by-topic listing of concerns applicable to large BWRs which were expressed in
Advisory Committee on Reactor Safety (ACRS) letters applicable to HNP-1. In most cases, studies or
design changes have been completed for resolution of these concerns. In such cases, a reference to this
resolution is provided in table 1.11-2.

Appendix J gives a complete listing and detailed discussion of all significant AEC-ACRS and staff
concerns.

1.11.1 INSTRUMENTATION FOR PROMPT DETECTION OF GROSS FUEL FAILURES

The principal means of detecting prompt gross fuel failures is provided by the main steam line radiation
monitors. The design of this system is described in section 7.12 of the HNP-1-FSAR. Additional means
of failed fuel detection are provided by the air ejector off-gas radiation monitors and the main stack
radiation monitors.

A.  The assumed fission product inventories and release rates from failed fuel rods are
discussed in paragraph 14.4.2.4. The basis for the chosen values is given in APED-5756,
"Analytical Methods for Evaluating the Radiological Aspects of the General Electric
Boiling Water Reactor,” March 1969. The correlation of fission product release with the
size and type of cladding defect is very complex. Based upon empirical results for a total
release from an observed number of defects, an average defect is used for calculational
purposes. Refer to the response to comment 9.4.2 of the Third Supplement to the
Brunswick 1 and 2 PSAR. The response to comment 7.5 of the Fourth Supplement to the
Brunswick 1 and 2 PSAR discusses the activity reaching the monitors.

B, NEDO-10174, May 1970, discusses the question of flow blockage and its effects.
C.  This is indicated in the response to comment 7.5 mentioned in A. above.

D.  The background activity at the detectors is very much a function of the previous core
operation in terms of the accumulated cladding defects and activity in the coolant from
other sources. Discussion of the ability of the detectors to indicate a further precipitate
fuel failure relative to background is given in the responses to comments 3.1 and 7.5 of the
Fourth Supplement to the Brunswick 1 and 2 PSAR. Further discussion of the estimated
time from failure to attainment of the setpoint signal for the various systems is given in
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subsection 7.12.6 of the HNP-1-FSAR; the relation of the setpoint signal to the number of
failed fuel rods is also included.

Section 7.12 of the HNP-1-FSAR provides the description and discussion of the main steam
line radiation monitors that promptly detect gross fuel failure.

The setpoints for this instrumentation are given in the HNP-1 Technical Specifications.

1.11-2 REV 19 7/01
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11.

12.

13.

14.

15.

HNP-1-FSAR-1

TABLE 1.11-1 (SHEET 1 OF 3)

TOPICAL REPORTS
SUBMITTED TO THE NRC IN

SUPPORT OF HNP-1 INITIAL LICENSE APPLICATION

GE Report
Number

APED-5286

APED-5446
APED-5449
Deleted

APED-5453

APED-5555

TR67SL211

APED-5608

APED-5455
APED-5528

APED-5448

APED-5640

APED-5454

APED-5460

APED-5654

Title

Design Basis for Critical Heat Flux in Boiling Water Reactors
(September 1966)

Control Rod Velocity Limiter (March 1967)

Control Rod Worth Minimizer (March 1967)

Vibration Analysis and Testing of Reactor Internals (April 1967)

Impact Testing on Collet Assembly for Control Rod Drive Mechanism
7RDB144A (November 1967)

An Analysis of Turbine Missiles Resulting from Last Stage Wheel Failure
(October 1967)

General Electric Company Analytical and Experimental Program
Resolution of ACRS Safety Concern (April 1968) Not Class |

The Mechanical Effects of Reactivity Transients (January 1968)
Nuclear Excursion Technology (August 1967)

Analysis Methods of Hypothetical Super-Prompt Critical Reactivity
Transients in Large Power Reactors (April 1968)

Xenon Consideration in Design of Large Boiling Water Reactors
(June 1968)

Metal Water Reactions-Effects on Core Cooling and Containment
(March 1968)

Design and Performance of General Electric Boiling Water Reactor Jet
Pumps (September 1968)

Considerations Pertaining to Containment Inerting (August 1968)
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

GE Report
_Number

APED-5696

APED-5706

APED-5703

APED-5698

APED-5750

APED-5756

APED-5652

APED-5736

APED-5447

NEDO-10017

NEDO-10029

NEDO-10045

NEDO-10173

NEDO-10139

HNP-1-FSAR-1

TABLE 1.11-1 (SHEET 2 OF 3)

Title
Tornado Protection for the Spent Fuel Storage Pool (November 1968)

In-Core Neutron Monitoring System for General Electric Boiling Water
Reactors, Rev 1 (April 1969)

Design and Analysis of Control Rod Drive Reactor Vessel Penetrations
(November 1968)

Summary of Results Obtained From a Typical Startup and Power Test
Program for a General Electric Boiling Water Reactor (February 1969)

Design and Performance of General Electric Boiling Water Reactor Main
Steam Line Isolation Valves (March 1969)

Analytical Methods for Evaluating the Radiological Aspects of the General
Electric Boiling Water Reactor (March 1969)

Stability and Dynamic Performance of the General Electric Boiling Water
Reactor (April 1969)

Guidelines for Determining Safe Test Intervals and Repair Times for
Engineered Safeguards (April 1969)

Depressurization Performance of the General Electric Boiling Water
Reactor High Pressure Coolant Injection System (June 1969)

Field Testing Requirements for Fuel, Curtains, and Control Rods (June
1969)

An Analytical Study on Brittle Fracture of GE-BWR Vessel Subject to the
Design Basis Accident (July 1969)

Consequences of a Steam Line Break for a General Electric Boiling Water
Reactor (July 1969)

Current State of Knowledge, High Performance BWR Zircaloy Clad UO,
Fuel (May 1970)

Compliance of Protection Systems to Industry Criteria;, General Electric
BWR Nuclear Steam Supply System (June 1970)
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30.

31

32.

33.

GE Report
_Number

NEDO-10179

NEDO-10208

NEDO-10174

NEDO-10189

HNP-1-FSAR-1

TABLE 1.11-1 (SHEET 3 OF 3)

Title

Effects of Cladding Temperature and Material on ECCS Performance
(June 1970)

Effects of Fuel Rod Failure on ECCS Performance (August 1970)

Consequences of a Postulated Flow Blockage Incident in a Boiling Water
Reactor (May 1970)

An Analysis of Functional Common-Mode Failures in GE-BWR Protection
and Control Instrumentation (July 1970)
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11.
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TABLE 1.11-2 (SHEET 1 OF 2)

ACRS CONCERNS - RESOLUTIONS

ACRS Concern

Effects of Fuel Failure on CSCS
Performance

Effects of Fuel Bundle Flow Blockage

Verification of Fuel Damage Limit

Effects of Cladding Temperature and
Materials on CSCS Performance

Design of Piping Systems to Withstand
Earthquake Forces

Reevaluation of Main Steam Line Break
Accident

Control Rod Block Monitor Design'

Main Steam Line Isolation Valve Testing
Under Simulated Accident Conditions

Depressurization Performance of HPCI
CSCS Thermal Effects on the Reactor
Vessel and Internals

Effects of Blowdown Forces on Reactor
Primary System Components

a. Modifications implemented in 1984 (NEDC-30474-P).

Resolutions

Topical Report (GE-NEDO-10208)

Topical Report (GE-NEDO-10174)
Adequate Testing Complete; Refer to
Dresden 2/3-- (GE-APED-5458,
NEDO-10179)

Adequate Testing Complete; Refer to
Topical Reports (GE-APED-5458,
NEDO-10179)

Incorporated in Design

Incorporated in Design Topical Report
(NEDO-10045)

Incorporated in Design(“)

Incorporated in Design Topical Reports
(GE-APED-5750) (GE-NEDO-10045)

Incorporated in Design Topical Report
(GE-APED-5447)

Incorporated in Design Topical Report
(GE-NEDO-10029)

Incorporated in Design
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TABLE 1.11-2 (SHEET 2 OF 2)

ACRS Concern Resolutions

12. Instrumentation for Prompt Detection of Incorporated in Design Brunswick
Gross Fuel Failures™ 1/2--Supplements 3 and 4

13. Diversification of CSCS Initiation Incorporated in Design Topical Report
Signals (GE-NEDO-10139)

14. Control Systems for Emergency Power Incorporated in Design

15. Misorientation of Fuel Assemblies Incorporated in Design

16. AEC General Design Criteria No. 35 Incorporated in Design
Design Intent and Conformance

17. Fuel Clad Disintegration Limitations Incorporated in Design

18. Automatic Depressurization Incorporated in Design

System-Initiation Interlock

19. Applicant's Role--Quality Assurance Incorporated in Design
Program
20. Offsite Emergency Plans Incorporated in Design
21 Flow Reference Scram Design Incorporated in Design
22. Radiolysis of Water Testing and Analysis Complete; Refer to

Dresden 3-- Amendment 23

23. Scram Reliability Studies Complete, Report Filed in 1970

a. See subsection 1.11.1 for discussion.
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1.12 INTERACTION OF HNP-1 AND HNP-2

The criterion followed in the design of HNP-1 and HNP-2 is that each unit shall operate
independently of the other.

1.12.1 OPERATION OF HNP-1 WHILE HNP-2 IS UNDER CONSTRUCTION

Since both units are in operation, this section is not applicable.

1.12.2 SHARED STRUCTURES AND FACILITIES

1.12.2.1 Plant Stack

A 120-m stack is used to discharge the off-gas of HNP-1 and HNP-2.

1.12.2.2 Intake Structure

The river intake structure is shared by both HNP-1 and HNP-2. The structure houses plant
service water and residual heat removal service water pumps.

1.12.2.3 Diesel Generator Building

The diesel generator building is designed to house the diesel generators, local control panels,
and emergency switchgear for both HNP-1 and HNP-2. Each diesel generator and its control
panel are physically separated from the other diesel generator units.

1.12.2.4 Control Building

HNP-1 and HNP-2 are operated from a common control room. The control panels are
separated and the units controlled separately.

1.12.2.5 Refueling Floor

The reactor buildings for HNP-1 and HNP-2 are separated except above the refueling floor,
which is common to both units.

1.12-1 REV 19 7/01
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1.12.2.6 Service Building

The service buildings that house office facilities for plant management personnel and related
functions are shared by both HNP-1 and HNP-2.

1.12.2.7 Water Treatment Building

The water treatment building contains the well water filter and makeup dimeneralizer shared by
both HNP-1 and HNP-2.

1.12.2.8 Fire Protection Pump House

The fire protection pump house contains fire protection equipment that is shared by both HNP-1
and HNP-2.

1.12.2.9 Independent Spent Fuel Storage Installation (ISFSI)

The ISFSI provides additional storage of spent fuel from both HNP-1 and HNP-2 under the
general license provisions of 10 CFR 72, subpart K.

1.12.3 SHARED SYSTEMS AND EQUIPMENT

1.12.3.1 Auxiliary Electrical Power System

During normal operation, electrical power to the auxiliary loads are supplied through the unit
auxiliary transformers. Each unit has one startup auxiliary transformer plus one shared startup
auxiliary transformer to provide startup and shutdown power and supply the emergency busses
during normal operation.

1.12.3.2 Standby AC Power Supply System

The standby ac power supply consists of two diesel generators for each unit plus one shared
diesel generator.

1.12.3.3 Fuel Pool Cooling And Cleanup System

The HNP-1 fuel pool cooling and cleanup system consists of two 50% trains. One 50% train is
provided on HNP-2. Since both units are not refueled simultaneously, one of the HNP-1 trains
can be shared during refueling of HNP-2.
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1.12.3.4 Fire Protection System

The fire protection water supply system is shared by both HNP-1 and HNP-2, as shown in the
Edwin I. Hatch Nuclear Plant Units 1 and 2 Fire Hazards Analysis and Fire Protection
Program (incorporated by reference into the FSAR).

1.12.3.5 Makeup Water Treatment System

The makeup water treatment system is designed to meet the treated water requirements for
both HNP-1 and HNP-2.

1.12.3.6 Potable and Sanitary Water System

The potable and sanitary water system is designed to meet the requirements for both HNP-1
and HNP-2.

1.12.3.7 Plant Communication System

Internal and external systems are designed to provide convenient and effective communications
among various plant buildings and locations.

1.12.3.8 Control Room Environmental Control System

The control room environmental control system supplies heating, ventilation, and air
conditioning for the control room shared by both HNP-1 and HNP-2.

1.12.3.9 Main Stack Radiation Monitoring System

The main stack radiation monitoring system is shared by both HNP-1 and HNP-2.

1.12.3.10 Turbine Building Crane

The turbine building crane is shared by both HNP-1 and HNP-2.

1.12.3.11 Reactor Building Crane

The reactor building crane is shared by both HNP-1 and HNP-2.
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1.12.3.12 Control Building Chilled Water System

The control building chilled water system is designed to provide chilled water to various coolers
located in the control building shared by both HNP-1 and HNP-2.
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DOCUMENTS INCORPORATED BY REFERENCE INTO THE FSAR

Edwin I. Hatch Nuclear Plant Unit 1 and 2 Fire Hazards Analysis and Fire Protection
Program.
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2.0 SITE AND ENVIRONMENT

2.1 INTRODUCTION

Chapter 2 provides information regarding the site and environs of the Edwin 1. Hatch Nuclear Plant-Unit
1 (Atomic Energy Commission Construction permit issued September 1969), summarizes the studies and
analyses that are pertinent to the site, and sets forth the conclusions confirming site suitability.

For site studies and evaluation the following
e Bechtel Corporation
o  Pickard Lowe, & Assoc.
e Dr. G. Hoyt Whipple
e Dr. James Halitsky

e Law Engineering Testing Co.

e Southern Company Services, Inc.

consultants were employed in the capacities listed:
Geology, groundwater, and seismology
General site consultants
Environmental radiation and monitoring program
Meteorology
Foundations and groundwater

Hydrology
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2.2 SITE DESCRIPTION

2.2.1 LOCATION AND AREA

See subsection 2.1.1 and paragraph 2.1.2.1 of the HNP-2-FSAR.

2.2.2 TOPOGRAPHY

See subsection 2.4.1 of the HNP-2-FSAR.

2.2.3 POPULATION

At the time of submittal of the FSAR to support the license application, the information on population
within a 5-mile radius was current.

For the most current information regarding the population, schools, and recreational and public areas,
as well as population density within the 16 meteorological zones, consult the Emergency Plan and the
Annual Radiological Environmental Operating Report. For the most current information regarding
operational dose estimates, consult the Annual Radiological Environmental Operating Report and the
Annual Effluent Release Report.

The plant is located in Appling County, a sparsely populated region having ~ 840 permanent residents
within a 5-mile radius. According to the 1970 Census, Appling County had a population of 12,726.”"
There are no population centers of 2000 or more within 10 miles of the plant, and the only population
center of 10,000 or greater within 50 miles is Waycross (population 19,000) located ~ 48 miles to the
south. The nearest town or location having an industry is Baxley, Georgia, located approximately

11 miles to the south, which in 1970 had a population of 3500."” The Georgia population centers are
shown in figure 2.4-5 of the HNP-2-FSAR. The shaded areas indicate the locations of the major cities
and the more heavily populated counties within the state. The estimated population for 1965 is shown
within each area.

No people live onsite.

In figures 2.2-1 and 2.2-2, estimates of the projected population distribution within the site region are
shown in 16 direction sectors and in 1-mile increments up to 5 miles for the years 1972, 1982, 1992, and
2012. In figures 2.2-3 and 2.2-4, estimates are shown in 10-mile increments up to 50 miles. Table 2.2-1
lists the counties falling totally or partially within a 50-mile radius of the site. The 1970 population and
projected populations for the years 2012 and 2015 are presented. The last column in table 2.2-1 shows
the projected population change between 2012 and 2015. An examination of this column indicates that,
when the net projected population change is broken down into 16 direction sectors and mileage
increments, only fractional changes could be shown in figures 2.2-3 and 2.2-4.
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Refer to subsection 2.1.3 of the HNP-2-FSAR for a discussion of the origins of the above population
estimates.

Public access to nearby recreational facilities is controlled as discussed in subsection 2.1.2 of the
HNP-2-FSAR. Also, transient population nearby the plant (e.g., Altamaha School, etc.) is discussed in
paragraph 2.1.3.3 of the HNP-2-FSAR.

Table 2.2-3 contains a listing of calculated doses for normal operation for the ecology sanctuary, visitor
center, river, and road. The whole body exposure to visitors has been estimated for the expected visitor
categories based on off-gas release equivalent to 100,000 uCi/s at 30 min as shown in table 2.2-3.

A.  Boy scout campers

1t is estimated that a camper is at the boy scout camp once a month for 2 1/2 days or a total
of 30 days/year. The whole body exposure for this period is calculated to be

0.2 mrem/year. This calculation was made at a point on U.S. Hwy No. 1, 4150 ft west of
the plant stack.

B.  Fishermen
1t is estimated that a fisherman fishes on the river 850 ft north of the plant stack for 4 h
once a week for a total of 208 h/year. The whole body exposure for this period is
calculated to be 0.07 mrem/year.

C. Tourists

1t is estimated that a tourist stays at the visitor center 8 h/vear. The whole body dose for
this period is calculated to be 0.002 mrem/year.

D.  Ecologists

1t is estimated that an ecologist visiting the wildlife refuge might spend 8 h once a month or
a total of 96 h/year. The whole body dose for this period is calculated to be

0.03 mrem/year. This calculation was made at a point across the river located 1800 ft
north of the plant stack.

Refer to HNP-2-FSAR subsection 2.1.2 for a discussion of plant exclusion area control.

2.2.4 LAND USE

At the time of submittal of the FSAR to support the license application, the information on agricultural
production within a 5-mile radius was current. For the most current information on agricultural
production areas, consult the Annual Radiological Environmental Operating Report. For the most
current information on sampling for radionuclides in agricultural products, in river sediment, and fish,
consult the Annual Radiological Environmental Operating Report.
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The land in the site region is primarily wooded, with a small percent being used for various agricultural
purposes. About 70% of the land in the five surrounding counties of Appling, Jeff Davis, Montgomery,
Tattnall, and Toombs is wooded. In January 1972, GPC commissioned the Georgia Institute of
Technology Industrial Development Division of the Engineering Experiment Station to make a land use
survey of the site area.

Within a 50-mile radius of the site, agriculture accounts for a relatively large portion of the economy.
However, as in most farming areas, the actual number of farms is decreasing while the average farm size
is increasing. Field crop, general, and miscellaneous types of farms dominate this area. Livestock farms
are the leading type of specialty farm, although they comprise only a small portion of the total. Within a
S-mile radius of the site, agricultural activity is devoted primarily to row crops. While many farmers
raise cattle and hogs to round out their farming activities, fewer than 10 farmers in the area produce
either hogs or cattle in appreciable numbers. Only one major egg production activity was indicated in
the area, and no dairy farms were cited. Within the site area, ~ 7000 acres of farm land are devoted to
row crops and ~ 1600 acres to pasture land. These figures do not remain constant since farmers
traditionally divert farm land from one use to another.

The remaining land in the 5-mile study area is essentially forest land; however, not all of it is accessible
for commercial use.

Tables 2.2-4 through 2.2-7 summarize data gathered for Appling and Toombs Counties (plant site
vicinity) by the U.S. Bureau of Census.

Table 2.2-8 identifies the dairying operations in the site vicinity and states each size and market. Only
dairy operations no. 8, 11, and 12, identified in this table, are located within 10 miles of the plant site.
They are located ~ 7, 8, and 9 air miles from the site, respectively. Figure 2.2-5 indicates the locations of
the dairy operations.

Existing pasture land is abundant and a portion where beef cattle occasionally graze adjoins the
southwest corner of the plant site. Therefore, it is conceivable that this grazing area could someday
become the nearest dairy operation.

Concerning fishing activities in the site vicinity, the Altamaha River is used extensively for sport fishing.
The north bank of the river at the U.S. Hwy No. 1 bridge is available for boat launching. Access to the
south bank of the river is available at a privately-owned fishing camp located ~ 1/2 mile west of the
highway.

See section 2.2 of the HNP-2-FSAR for a discussion of nearby industrial, transportation, and military
facilities.
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TABLE 2.2-1

PROJECTED POPULATION CHANGE FROM 2012 THROUGH 2015
WITHIN 50-MILE RADIUS OF SITE®®”

Difference in
1970 Projected Projected Population
County Population 2012 Pop 2015 Pop 2012-2015
Appling 12,750 14,720 14,800 + 80
Atkinson 5900 7720 7800 + 80
Bacon 8250 14,160 14,500 + 340
Ben Hill 13,150 14,820 14,900 + 80
Bryan 6550 11,320 11,600 + 280
Bulloch 31,600 26,720 26,800 + 80
Candler 6400 5520 5400 - 120
Coffee 22,850 36,820 37,800 + 980
Dodge 15,650 16,960 17,000 + 40
Emanuel 18,200 19,700 19,800 + 100
Evans 7300 8700 8800 + 100
Jeff Davis 9450 14,200 14,500 + 300
Laurens 32,750 49,600 50,000 + 400
Liberty 17,550 23,580 24,100 + 520
Long 3750 4000 4000 0
Montgomery 6100 4120 4100 - 20
Pierce 9300 7620 7500 - 120
Tattnall 16,550 15,140 15,100 - 40
Telfair 11,400 8480 8300 + 160
Toombs 19,150 19,640 19,800 + 160
Ware 33,550 56,520 57,800 + 1280
Wayne 17,850 24,040 24,400 + 360
Wheeler 4600 4080 3200 - 880
Totals 330,600 408,180 412,000 + 3820
(net change)

a. Data are presented according to counties.

b. At the time of submittal of the FSAR to support the license application, the information on population projections was based
on the 1970 Census data. For the most current information regarding the population, schools, and recreational and public
areas, as well as population density within the 16 meteorological zones, consult the Emergency Plan and the Annual
Radiological Environmental Operating Report.
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TABLE 2.2-3

NORMAL OPERATION - ECOLOGY SANCTUARY, VISITOR CENTER,
RIVER, AND ROAD DOSES™

Noble Gas Whole Body
Release Release Gamma Dose
Location Sector Point (uCi/s) (mrem/year)
WHOLE BODY DOSE
Ecology preserve N(1800 ft) Stack 4960 2.6
Ecology preserve N(1800 ft) Vent 15 042
Visitor center SW(2500 ft) Stack 4960 2.2
Visitor center SW(2500 f2) Vent 15 .020
River and road N850 1) Stack 4960 2.8
River and road N850 f1) Vent 15 073
River and road W(3650 fi) Stack 4960 24
River and road W(4150 ft) Vent 15 012
Noble Gas Beta Skin
Release Dose
SKIN DOSE (uCi/s) (mrem/year)
Ecology preserve N(1800 f1) Stack 4960 .07
Ecology preserve N(1800 f1) Vent 15® 16
Visitor center SW(2500 f1) Stack 4960 21
Visitor center SW(2500 ft) Vent 15 .05
River and road N(850 f1) Stack 4960@ .001
River and road N(850 11) Vent 15 .54
River and road W(3650 f1) Stack 4960@ 19
River and road W(4150 fi) Vent 15 013
lodine Inhalation
Release Dose
(uCi/s) (mrem/year)
Ecology preserve N(1800 ft) Stack .018¢ .002
Ecology preserve N(1800 ft) Vent 005" A1
Visitor center SW(2500 ft) Stack 018 .007
Visitor center SW(2500 f) Vent 005" 042
River and road N850 1) Stack 0189 3.5x107
River and road N850 1) Vent .005® 3.3x10"!
River and road W(3650 ft) Stack 0189 6.4x107°
River and road W(4150 ft) Vent .005® 2.9x107

a. SJAE + gland-seal effluent for 100,000 uCi/s at 30 min.

b.  Hypothetical 7 gal/min leak.

c.  Gland-seal effluent.

d.  For the most current information regarding the population, schools, and recreational and public areas, as well as
population density within the 16 meteorological zones, consult the Emergency Plan and the Annual Radiological Environmental
Operating Report. For the most current information regarding operational dose estimates, consult the Annual Radiological
Environmental Operating Report and the Annual Effluent Release Report.
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TABLE 2.2-4

FARM TYPES IN APPLING AND TOOMBS COUNTIES®®®

Product Appling Toombs
Field Crops 318 224
Vegetables - 6
Fruits and nuts 1 -
Poultry 11 9
Dairy 4 3
Livestock 104 71
General 235 143
Miscellaneous 213 162

a. U.S. Bureau of Census, Census of Agriculture, 1964.

b.  In number of farms.

c. At the time of submittal of the FSAR to support the license application, the information on agricultural production within a
S-mile radius was current. For the most current information on agricultural production areas, consult the Annual Radiological
Environmental Operating Report.
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TABLE 2.2-5

AGRICULTURAL LAND USE IN APPLING AND TOOMBS COUNTIES™®

Appling Toombs
Number of farms 871 588
Acreage of farms 157,515 120,484
Cropland harvested (acres) 42,370 35,816
Cropland pastured (acres) 8992 9909
Cropland not harvested or pastured (acres) 8890 14,849
Woodland pastured (acres) 17,230 14,114
Woodland not pastured (acres)(b) 90,921 45,085
Other pasture (acres)"” 4869 7234

a. U.S. Bureau of the Census, Census of Agriculture, 1969.
b.  U. S. Bureau of the Census, Census of Agriculture, 1964.
c. At the time of submittal of the FSAR to support the license application, the information on agricultural production within a

5-mile radius was current. For the most current information on agricultural production areas, consult the Annual Radiological
Environmental Operating Report.
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TABLE 2.2-6

SELECTED AGRICULTURAL UNITS SOLD IN

APPLING AND TOOMBS COUNTIES™®

Product
Whole milk (Ib)"™
Broilers and other meat-type chicken
Chicken eggs (dozen)”
Cattle and calves
Hogs and pigs

Sheep and lambs

a. U.S. Bureau of the Census, Census of Agriculture, 1969.
b.  U. S. Bureau of the Census, Census of Agriculture, 1964.

Appling
7,354,000
1,385,748

287,750
7274

60,070

Toombs

1,422,222

1,201,053
3351
39,580

31

c. At the time of submittal of the FSAR to support the license application, the information on agricultural production within a
S-mile radius was current. For the most current information on agricultural production areas, consult the Annual Radiological

Environmental Operating Report.
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TABLE 2.2-7

VALUE OF AGRICULTURAL PRODUCTS SOLD IN
APPLING AND TOOMBS COUNTIES™®

Product
Crops (field crops, vegetables, fruits, and nuts)
Poultry and poultry products
Dairy products

Livestock and livestock products

a. U.S. Bureau of the Census, Census of Agriculture, 1969.

Appling
$2,851,210
$2,540,983
$ 527,758

$4,123,817

Toombs
$3,272,398
$ 312,050
$ 227,668

$2,582,079

b. At the time of submittal of the FSAR to support the license application, the information on agricultural production within a
5-mile radius was current. For the most current information on agricultural production areas, consult the Annual Radiological

Environmental Operating Report.
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Dairy Number and
Location (County)

1-Montgomery
2-Toombs
3-Toombs
4-Tattnall

5-Wayne
6-Appling
7-Appling
8-Appling
94-Appling
9B-Appling
10-Appling
11-Jeff Davis
12-Jeff Davis

HNP-1-FSAR-2

TABLE 2.2-8

DAIRIES LOCATED IN THE PLANT HATCH VICINITY"®

Owner and/or Operator

Mprs. Ben Conner

H L. & W. B. Thompson

H. C. Fountain

Georgia Prison System

J. W. Beck

W. V. Head
C. S. Griffen
A. M. Stone

C. M. Morris & Sons
C. M. Morris & Sons

Georgia Baptist Children's Home

E. E. Sellers & Sons

Sellers Johnson

Dairy
Herd

190
160

3
200

57
275
126

50
400
166
126
115

98

Total
Herd

300
190

500

129
425
150

60
500
230
140
200
118

Acreage
280

600
3

Dairy 400
Prison 8900

100
1200
225
290
1100
300
2386
386
360

Market
Bordens-Macon
Pet Milk-Waycross
Raw milk-Sold locally

Process own for prison
use

Pet Milk-Waycross
Pet Mill-Waycross
Pet Milk-Waycross
Pet Milk-Waycross
Pet Milk-Waycross
Pet Mill-Waycross
Pet Milk-Waycross
Pet Milk-Waycross
Pet Milk-Waycross

a. At the time of submittal of the FSAR to support the license application, the information on agricultural production within a 5-mile radius was current. For the most current

information on agricultural production areas, consult the Annual Radiological Environmental Operating Report.
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23 METEOROLOGY

Meteorological information for HNP-2 applies to the plant site in general, including HNP-1.
Therefore, refer to HNP-2-FSAR section 2.3 for a discussion of meteorology.
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24 HYDROLOGY

See section 2.4 of the HNP-2-FSAR.
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25 GEOLOGY AND SEISMOLOGY

2.51 INTRODUCTION - GEOLOGY

See section 2.5 of the HNP-2-FSAR.

2.5.2 REGIONAL GEOLOGY

See section 2.5 of the HNP-2-FSAR.

2,53 SITE GEOLOGY

See section 2.5 of the HNP-2-FSAR.

2.54 CONCLUSIONS

See section 2.5 of the HNP-2-FSAR.

2.5.5 INTRODUCTION - SEISMOLOGY

The engineering seismologic studies include:

. Literature research to evaluate the seismicity of the area.

. An evaluation of the tectonics of the region with respect to available credible information.

. An analysis to evaluate the response of the foundation materials under earthquake-type
loadings.

2.5.6 SEISMIC HISTORY

See paragraphs 2.5.2.5 and 2.5.2.9 of the HNP-2-FSAR.

2.5.7 SEISMIC DESIGN

2.5.71 General

No active or recent faulting has been mapped in the area of the plant site. The area is not
seismically active; however, the effects of earthquakes from distant sources may be
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experienced at the site. The Charleston, South Carolina earthquake of 1886, the epicenters of
which were located ~ 150 miles northeast of the site, is the type which may be felt at the site.
The design of a nuclear power plant requires selecting an operating basis earthquake (OBE) on
the basis of historical events and a design basis earthquake (DBE) on predicted events.

2.5.7.2 OBE (Maximum Expectable)

The long historic record of ~ 200 years indicates the highest ground motion experienced at the
site accompanied the Charleston, South Carolina earthquake of August 31, 1886. Dutton's
isoseismal map shows the maximum intensity which occurred in the vicinity of the site was a
moderate VI on the Modified Mercalli Scale. However, to be conservative, a peak horizontal
surface acceleration of 0.08 g was selected; this corresponds to a high intensity VI shock.

2.5.7.3 DBE (Hypothetically Expectable)

The damaging effects of the Charleston earthquake upon the Savannah, Georgia

area, ~ 70 miles from the plant site and in the general direction of the epicenter, were selected
as the basis for determining the DBE acceleration. An intensity VIl has been assigned to the
damage which occurred in Savannah. This is the greatest observed within 100 miles of the
plant site and is also about twice the maximum acceleration which has occurred in 200 years at
the site. An intensity VIl has been determined as the maximum which could occur at the site
and is the worst interpretation of the damage suffered at Savannah from the Charleston
earthquake. Savannah, Georgia is 70 miles nearer to Charleston than the plant area. Intensity
VIl is considered exceptionally conservative and corresponds to a peak horizontal surface
acceleration of 0.15 g.

258 DESIGN SPECTRA
The surficial design spectra are presented in figures 2.5-2 and 2.5-3. They are the spectra for
the OBE and DBE, respectively. These spectra conform to the average spectra developed by

Dr. George W. Housner for the period range from ~ 4 s and lower.

The spectra have been normalized to a peak horizontal ground surface acceleration of 0.08 g
and 0.15 g for the OBE and DBE, respectively.
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2.6 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The current radiological environmental monitoring program is described in the Offsite Dose
Calculation Manual.
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2.7 FOUNDATIONS AND BORINGS

2.7.1 GENERAL
The information in this section is presented under the following six headings:
. Investigations.

. Laboratory testing.

. Subsurface classification and description.
. Structural data.

. Foundation evaluation.

. Liquefaction potential.

2.7.2 INVESTIGATIONS

Along with, and in addition to, the geologic and seismic explorations, detailed foundation investigations
including borings were completed for use in the design of the foundations for the structures.

2.7.2.1 Summary of Soil Test Boring

Site investigations included soil test borings made at 125 locations. Of the total, 79 borings were
completed for the principal purpose of soil classification, analysis, and testing to establish and confirm
foundation design criteria for the principal structures. Forty-one soil test borings were located either
within or in areas immediately adjacent to the reactor, radwaste, turbine, intake, diesel generating, and
main stack structures (figures 2.7-1 through 2.7-4). Test boring records for those borings included to
illustrate the subsurface profiles (figures 2.7-5 through 2.7-11) are included in Supplement 2B of the
HNP-2-FSAR, and they graphically show soil descriptions and penetration resistances.

2.7.2.2 Summary of Boring and Sampling Procedures

Soil sampling and penetration testing were performed in accordance with American Society of Testing
Materials (ASTM) Specification D 1586-64T. Representative portions of the soil samples thus obtained
were placed in glass jars and transported to the soils laboratory. In the laboratory, the samples were
examined to verify the driller's field classifications.

Split spoon samples are suitable for visual examination and classification tests but are not sufficiently

intact for qualitative laboratory testing. Undisturbed samples were obtained by forcing sections of 3-in.
outside diameter tubing into the soil at the desired sampling levels. This sampling procedure is described
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by ASTM Specification D 1587. Each tube, together with the encased soil, was carefully removed from
the ground, made airtight, and transported to the laboratory. Locations and depths of undisturbed
samples are shown on the test boring records.

2.7.2.3 Summary of Ground Water Investigations

Ground water investigations are summarized in section 2.4.

2.7.3 LABORATORY TESTING

See section 2A.3 of the HNP-2-FSAR.

2.74 SUBSURFACE CLASSIFICATION AND DESCRIPTION

Subsurface profiles developed to establish the soil formations are illustrated by figures 2.7-5 through
2.7-11.

The uppermost soils in the plant area represent the Altamaha Geological Formation and consist of firm
to very dense purple, brown, and gray clayey fine to medium sand with some clay layers. These soils
were encountered from the surface down to ~ el 120.

The Altamaha sands and clays are underlain by very dense gray clayey fine to medium sand which, in
most locations, is partially cemented. Within this generally cemented sand zone are scattered layers and
inclusions of very hard clay and very dense noncemented sands. These sands are a portion of the
geologic formation identified as the Duplin Formation and extend from ~ el 70 to ~ el 80.

The cemented sands are underlain by firm to very dense gray-green fine sands and clayey fine sands
which extend to ~ el 30. Within this zone, thin layers or lenses of gray-green plastic clay which vary in
thickness between 3 to 6 ft were encountered between el 60 to 70. At some locations, the fine sands
consistency, as measured by the standard penetration test, can be described as loose. Below el 30, dense
to very dense gray slightly clayey fine sands with thin hard clay layers were encountered. The dense
sands extend to approximate el 0 and are also a portion of the Duplin Formation.

Below approximate el 0, very hard gray-green silty clays were encountered. These greenish clays have
been identified as a portion of the Hawthorne or Chipola Formations.
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2.7.5 STRUCTURAL DATA

2.7.5.1 Reactor Building

Plan dimensions - 149 ft by 149 ft, static foundation pressure - 6.5 to 7.75 ksf; bottom of mat foundation -
el 75.

2.7.5.2 Radwaste Building

Plan dimensions - 90 ft by 96 ft, static foundation pressure - 3.5 ksf: bottom of mat foundation - el 100.

2.7.5.3 Turbine and Control Buildings

Plan dimensions - The combined building is 355-ft long by 160-ft wide with the turbine building being
252-ft long and the control building 103-ft long. Average static foundation pressure - 6 ksf; bottom of
mat foundation - el 105.

2.7.5.4 Diesel Generator Building

Plan dimensions - ~ 196 ft by 103.5 ft; static foundation pressure - < 3 ksf; bottom of mat
foundation - el 125.

2.7.5.5 Main Stack

Plan dimensions - octagon with 36-ft inscribed radius; yard - el 119 ft, 6 in.; top of cap - el 108 ft, 6 in.;
bottom of cap - el 97 ft, 6 in.; pile cutoff - el 98 ft, 3 in.; 164-14BP73 100-ton piles at 4- to 6-ft spacing in
5 rings with radii of 6 ft, 16 ft, 20 ft, 30 ft, and 34 ft, moment, 21,500-kips vertical load at pile cap. A
shear of 800 kips is supported by the piles and pile cap.

2.7.5.6 Intake Structure

Plan dimensions - 130 ft by 53 ft; average static foundation pressure - 5.0 ksf; bottom of mat foundation -
el 52.

2.7.6 FOUNDATION EVALUATION
The subsurface conditions which govern construction and foundation design at this site are:

. The cemented sand zone encountered by the borings between el 120 and 70.

2.7-3 REV 19 7/01



HNP-1-FSAR-2

. The existence of ground water.

. The presence of firm clayey sands and plastic clays between el 50 and 70.

The soils encountered by the borings at the foundation levels are commensurate with satisfactory
foundation support.

2.7.6.1 Reactor Building

The reactor building, with its mat foundation at el 75, bears on firm to dense sands and clayey sands with
layers of plastic clay. Using soil strength parameters based on triaxial test data, the computed safety
factor against bearing capacity failure for this foundation is in excess of 3.

The sands which support the reactor building are, in general, dense (N=30+).

2.7.6.2 Radwaste Building

The radwaste building, with its base slab at el 100, bears on soils comparable to those described for the
reactor building. These soils are capable of safely supporting the design loads for the radwaste building.

2.7.6.3 Turbine and Control Buildings

The turbine and control buildings, with the bottom of the mat foundation at el 105, bears on a relatively
thick zone of cemented sands underlain by firm to dense clayey sands with lenses or layers of plastic
clays. The soils are capable of safely supporting the design loads as they have a bearing capacity safety
factor in excess of 3.

2.7.6.4 Intake Structure

The intake structure with the bottom of its mat foundation at el 52 bears on very firm and very dense
clayey sands of the Duplin Formation. With a 5-ksf bearing pressure, the safety factor against bearing
capacity failure is in excess of 4.

The stabilities of the intake structure and the river bluff immediately adjacent are shown by the following
minimum safety factors calculated for various conditions:
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Failure Mode Safety Factor
Circular Arc - River banks adjacent to 1.8 min

intake, pseudostatic,(”) a=015g

Circular arc through intake structure, 3.4 min
static
Circular arc through intake structure, 2.3 min

pseudostatic,”’ a = 0.15 g
Sliding through intake structure, static 2.8 min

Sliding through intake structure, 2.1 min
pseudostatic,” a = 0.15 g

2.7.6.5 Main Stack

The pile foundation of the main stack bears on soils of the Duplin Formation which extend to ~ el 0. The
upper portion of the Duplin Formation to elevations varying from 68 to 74 consists of very firm to very
dense clayey sands and very stiff to hard sandy clays with cemented layers and inclusions. Below ~el 71,
the Duplin Formation may be divided into 3 significant strata. The first is soft to firm plastic clay with
fine sand layers and inclusions. The thickness of this plastic clay zone varies from ~ 9 to 14 ft. Beneath
the plastic clay lies a 7- to 10-ft-thick zone of loose to firm clayey sand. The lower portion of the Duplin
Formation below el 55 and extending to ~ el 0 consists of very stiff to very dense clayey sands with
scattered hard clay inclusions and occasional zones of firm to very firm clayey sands.

The bearing strata for piles consist of the dense sands below el 50. Static analysis indicates that the 14-in.
H sections develop 100-ton capacity when driven to ~ el +20.

2.7.6.6 Diesel Generator Building

The diesel generator building, with its spread mat foundation at el 125, bears on very dense clayey fine to
medium sand with some clay layers which extend to ~ el 120. Between elevations 120 and 70 are very
dense medium to fine clayey sand with scattered layers and inclusions of very hard cemented clay and
dense sands. The foundation pressure is < 3 ksf.

a.  Earthquake forces considered to be equivalent static forces as suggested by N. M. Newmark in "The Effects of Earthquakes
on Dams and Embankments," Geotechnique, Vol. 15, No. 2, June 1965.
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2.7.7 LIQUEFACTION POTENTIAL

Within the area of the principal structures, there are no soils susceptible to liquefaction when subjected to
the stress condition imposed by the design or design basis earthquake (DBE). For verification, dynamic
triaxial tests were performed on typical samples from the site and plant area. These samples were tested
under simulated in situ stress conditions comparable to the proposed DBE. The penetration resistance of
the sand zones are much higher (much denser soil) than the sands that have been liquefied in areas where
this phenomenon has been observed. In most cases, 15 to 25% of the sands at the site pass through the
No. 200 sieve. This shows the soils are not truly cohensionless and are not susceptible to liquefaction.
Also, the foundation soils are at least 13 million years old (Miocene) and are highly preconsolidated;
whereas, in the areas where liquefaction has occurred, the soils have been recent alluvium, glacial
outwash, or loose manmade fills.
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2.8 EXCAVATION AND REPLACEMENT OF BACKFILL FOR THE INTAKE STRUCTURE
BURIED PIPING AND CONCRETE DUCTS

See section 2A.9 of the HNP-2-FSAR.
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3.0 REACTOR

3.1 SUMMARY DESCRIPTION

A summary description of the reactor, and the systems and subsystems required for maintaining
the fuel barrier and controlling core reactivity is provided in HNP-2-FSAR section 4.1, Reactor
Summary Description.
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3.2 FUEL MECHANICAL DESIGN

A description of the fuel mechanical design is provided in HNP-2-FSAR subsection 4.2.1, Fuel
System Design.
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3.3 REACTOR VESSEL INTERNALS MECHANICAL DESIGN

A description of the reactor vessel internals mechanical design is provided in HNP-2-FSAR
subsection 4.2.2, Reactor Core Support Structures and Internals Mechanical Design.
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3.4 REACTIVITY CONTROL MECHANICAL DESIGN

A description of the reactivity control system mechanical design is provided in HNP-2-FSAR
subsection 4.2.3, Reactivity Control System.
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3.5 CONTROL ROD DRIVE HOUSING SUPPORTS

A description of the CRD housing supports design is provided in HNP-2-FSAR section 4.5,
Control Rod Drive Housing Supports.
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3.6 NUCLEAR DESIGN

A description of the nuclear design is provided in HNP-2-FSAR section 4.3, Nuclear Design, and
supplement 4A, Initial Core.
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3.7 THERMAL AND HYDRAULIC DESIGN

A description of the thermal and hydraulic design is provided in HNP-2-FSAR section 4.4,
Thermal and Hydraulic Design.
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3.8 STANDBY LIQUID CONTROL SYSTEM

A description of the standby liquid control system design is provided in HNP-2-FSAR
paragraph 4.2.3.4, SLCS.

3.8-1 REV 19 7/01



HNP-1-FSAR-4

4.0 REACTOR COOLANT SYSTEM

41 SUMMARY DESCRIPTION

This section describes those systems and components that form the major portions of the
nuclear system process barrier. These systems and components contain or transport the fluids
coming from or going to the reactor core.

Section 4.2 describes the reactor vessel and the various fittings with which other systems are
connected to the vessel. The major safety consideration for the reactor vessel is concerned
with the ability of the vessel to function as a radioactive material barrier. Various combinations
of loading are considered in the vessel design. The vessel meets the requirements of various
applicable codes and criteria. The possibility of brittle fracture is considered, and suitable
design and operational limits are established that avoid conditions where brittle fracture is
possible.

The reactor recirculation system provides coolant flow through the core. Adjustment of the core
coolant flowrate changes reactor power output, thus providing a means of responding to plant
load demand without adjusting control rods. The recirculation system is designed to provide a
slow coastdown of flow so that fuel thermal limits cannot be exceeded as a result of
recirculation system malfunctions. The arrangement of the recirculation system routing is such
that a piping failure cannot compromise the integrity of the floodable inner volume of the reactor
vessel.

The pressure relief system protects the nuclear system process barrier from damage due to
overpressure. To protect against overpressure, pressure-operated relief valves are provided
that can discharge steam from the nuclear system to the primary containment. The pressure
relief system also acts to automatically depressurize the nuclear system in the event of a
loss-of-coolant accident (LOCA) in which the high-pressure coolant injection system fails to
maintain reactor water level. Depressurization of the nuclear system allows low-pressure
emergency core cooling subsystems to supply enough cooling water to adequately cool the fuel.

The main steam line flow restrictors are venturi-type flow devices. One restrictor is installed in
each main steam line inside the primary containment. The restrictors are designed to limit the
loss of coolant resulting from a main steam line break (MSLB) outside the primary containment.
The coolant loss is limited so that reactor vessel water level remains above the top of the core
during the time required for the main steam isolation valves (MSIVs) to close. This action
protects the fuel barrier.

The MSIVs automatically close to isolate the nuclear system process barrier in the event a pipe
break occurs downstream of the valves. This action limits the loss of coolant and the release of
radioactive material from the nuclear system. Two isolation valves are installed on each main
steam line; one is located inside and the other is located outside the primary containment. In
the event that a MSLB occurs inside the primary containment, closure of the isolation valve
outside the containment acts to seal the primary containment itself.
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The reactor core isolation cooling system provides makeup water to the core during a reactor
shutdown in which feedwater flow is not available. The system may be started 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.

The residual heat removal (RHR) system includes a number of pumps and heat exchangers that
can be used to cool the nuclear system under a variety of situations. During normal shutdown
and reactor servicing, the RHR system removes residual and decay heat. Another operational
mode of the RHR system is low-pressure coolant injection (LPCI). LPCI operation is an
engineered safeguard for use during a LOCA. This operation is described in chapter 6,
Emergency Core Cooling System. Another mode of RHR system operation allows heat to be
removed from the primary containment following a LOCA.

The reactor water cleanup system functions to maintain the required purity of reactor coolant by
circulating coolant through a system of filter-demineralizers.

Section 4.10 establishes the limits on nuclear system leakage inside the primary containment so

that appropriate action can be taken before the integrity of the nuclear system process barrier is
impaired.
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4.2 REACTOR VESSEL AND APPURTENANCES MECHANICAL DESIGN

4.2.1 POWER GENERATION OBJECTIVE

The reactor vessel design objective is to provide a volume in which the core can be submerged
in coolant, thereby allowing power operation of the fuel. Design of the reactor vessel and
appurtenances provides both the means for attaching pipelines to the reactor vessel and for
installing vessel internal components. The current safety analysis report") and reactor operating
pressure increase (ROPI) project report® demonstrate that the HNP-1 reactor vessel can safely
operate at a power level of 2804 MWt and 1060 psia.

4.2.2 POWER GENERATION DESIGN BASES

A. Location and design of the external and internal supports provided as an integral
part of the reactor vessel are such that stresses in the reactor vessel and supports
due to reactions at these supports are within American Society of Mechanical
Engineers (ASME) Code limits.

B. Reactor vessel design lifetime is 40 years; however, aging management programs
(HNP-2-FSAR subsections 18.1.2, 18.2.9, 18.2.12, 18.2.15, and 18.2.17) monitor
the ongoing condition of the reactor vessel so that actions are taken to provide
reasonable assurance that the vessel is capable of performing its intended function
for 40 years and beyond.

C. Design of the reactor vessel and appurtenances allows for the accomplishment of
a suitable program of inspection and surveillance.
4.2.3 SAFETY DESIGN BASES
A. The reactor vessel and appurtenances are designed to withstand adverse
combinations of loading and forces resulting from operation under normal and

accident conditions.

B. To minimize the possibility of brittle-fracture failure of the nuclear system process
barrier, the following is required:

1. The initial ductile-brittle RTypr of materials used in the reactor vessel is
known by references or established empirically.

2.  Expected shifts in RTypr during design service life due to conditions, such as
neutron flux, are determined and employed in the reactor vessel design.

3.  Operation margins observed with regard to the adjusted reference

temperature; i.e., initial RTypr + shift in RTypr are designated for each mode
of operation.
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424 DESCRIPTION

4241 Reactor Vessel

The reactor vessel is a vertical, cylindrical pressure vessel with hemispherical heads of welded
construction (drawing nos. SX-16121 through SX-16123). The reactor vessel is designed and
fabricated for a useful life of 40 years, based upon the specified design and operating
conditions. Aging management programs (HNP-2-FSAR subsections 18.2.1, 18.2.9, 18.2.12,
18.2.15, and 18.2.17) monitor the ongoing condition of the reactor vessel so that actions are
taken to provide reasonable assurance that the vessel is capable of performing its intended
function for 40 years and beyond. The vessel is designed, fabricated, inspected, tested, and
stamped in accordance with the ASME Boiler and Pressure Vessel Code, Section I, its
interpretations, and applicable requirements for Class A vessels, as defined therein. Design of
the reactor vessel and its support system meets Class 1 seismic requirements. Ten stress
cycles of the operating basis earthquake seismic amplitude are considered in the usage
evaluation of the reactor pressure vessel (RPV). The materials used in the design and
fabrication of the RPV are shown in table 4.2-1. Typical reactor vessel data are included as
table 4.2-2.

The cylindrical shell and bottom hemispherical head of the reactor vessel are fabricated of
low-alloy steel plate which is clad on the interior with stainless steel weld overlay. The plates
and forgings are ultrasonically tested and magnetic particle tested over 100% of their surfaces
after forming and heat treatment. Preheat of vessel plate and forgings is maintained during
welding until the weld joints are post-weld-heat treated. Full-penetration welds are used at all
joints, including nozzles, throughout the vessel; nozzles of < 3-in. nominal size and the control
rod drive (CRD) housing to stub tube welds are exempted.

Although little corrosion of carbon or low-alloy steels occurs at temperatures of 500 to 600°F,
higher corrosion rates occur at temperatures around 140°F. The 0.125-in. minimum thickness
stainless steel cladding over vessel walls and bottom head provides the necessary corrosion
resistance during reactor shutdown and helps to maintain water clarity during refueling
operations. Since the vessel top head is exposed to a saturated steam environment throughout
its operating lifetime, stainless steel cladding is not required over its interior surfaces. Exterior,
exposed ferritic surfaces of parts which contain pressure have a minimum corrosion allowance
of 1/32 in. The interior surfaces of the top head and all carbon and low-alloy steel nozzles
exposed to the reactor coolant have a corrosion allowance of 1/16 in. Calculation of the nozzle
corrosion allowance represents a time-limited aging analysis (HNP-2-FSAR section 18.5) which
GE demonstrated to be valid for the renewed license term. The vessel shape is designed to
limit coolant retention pockets and crevices.

The vessel top head is secured to the reactor vessel by studs and nuts which are designed to
be tightened with a stud tensioner. The vessel flanges are sealed with 2 concentric metal
seal-rings designed to permit no detectable leakage through the inner or outer seal at any
operating condition, including cold hydrostatic pressure testing at the pressure specified in the
ASME Code and heating to operating pressure and temperature at a maximum rate of 100°F/h.
To detect a lack of seal integrity, a 1-in. vent tap is provided in the area between the two
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seal-rings, and a monitor line is attached to the tap to provide an indication of leakage from the
inner seal-ring seal.

The head and vessel flanges are low-alloy steel forgings. The sealing surfaces of the reactor
vessel head and shell flanges are weld overlay clad with austenitic stainless steel, similar to that
of the vessel, and consist of a minimum of two layers for a minimum of 0.25-in. total thickness
after all machining, including the area under the seal grooves. The first layer is deposited with a
composition equivalent to American Society of Testing Materials (ASTM) A-371, Type ER309;
the second layer has a composition equivalent to ASTM A-371, Type ER308, except that the
carbon content does not exceed 0.08%.

The vessel top head nozzles are provided with flanges with small groove facing. The drain
nozzle is of the full-penetration weld design and extends below the bottom outside surface of
the vessel. The recirculation inlet nozzles, located as shown on drawing nos. SX-16121 and
SX-16122, feedwater inlet nozzles, and the core spray (CS) inlet nozzle all have thermal
sleeves similar to those shown in the detail of figure 4.2-1. The CRD hydraulic system return
nozzle has been capped and its thermal sleeve removed.

The vessel nozzles (figure 4.2-1) are low-alloy steel forgings made in accordance with ASME
A-508. Nozzles of 3-in. nominal size or larger are full penetration welded to the vessel. Nozzles
of < 3-in. nominal size may be partial penetration welded, as permitted by the ASME Code,
Section lll. Nozzles which are partial penetration welded are nickel-chromium-iron forgings
made in accordance with ASME SB-166 or ASME SB-167.

The nozzle for the core differential pressure and liquid control pipe is designed with a transition
so that the stainless steel outer-pipe of the differential pressure and liquid control line
(HNP-2-FSAR subsection 4.2.2, Reactor Core Support Structures and Internals Mechanical
Design) can be socket welded to the inner end of the nozzle and so that the inner pipe passes
through the nozzle. This design provides an annular region between the nozzle and the inner
liquid control line to minimize thermal shock effects on the reactor vessel in the event that use of
the standby liquid control system is required.

The jet pump instrumentation penetration seal is welded directly to the outer end of the jet pump
instrumentation nozzle. The stainless steel recirculation loop piping (section 4.3, Reactor
Recirculation System) is welded to the outer end of the recirculation outlet nozzle. The main
steam line piping is welded to the outer end of the steam outlet nozzle. The piping attached to
the vessel nozzle is designed, installed, and tested in accordance with the requirements of
appendix A.

Thermocouple pads are located on the exterior of the vessel. At each thermocouple location,

two 3/4-in. diameter pads are provided: an end pad to hold the end of a 3/16-in. diameter
thermocouple and a clamp pad equipped with a set screw to secure the thermocouple.
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42411 Materials Considerations

424111 Fracture Toughness. See HNP-2-FSAR subsection 5.2.4 for a description of
HNP-1 fracture toughness.

42411.2 Reactor Material Surveillance. GE has addressed the problem of obtaining
representative surveillance specimens since the beginning of its RPV surveillance program.
The material for base metal specimens has been taken from a plate used in the vessel beltline
region or from a plate of the same heat of material. The same plate used for base metal
specimens is used for production of heat-affected zone specimens, and the weld specimens are
produced by the identical weld practice and procedures used in the vessel fabrication.

The production of the vessel beltline region is generally accomplished by the welding of several
plates, and, most often, several heats of steel are involved. The vessel surveillance specimens
are produced from one of these heats. The possible variation of the other beltline heats,
however, is limited by the characteristic range of compositions resulting from the material
production practices. Consultation with the domestic heavy-section pressure vessel steel mill,
Lukens Steel, concerning process capability and a survey of 10 BWR vessels reveals that the
residual element of major importance, copper, lies consistently within the 0.15- to 0.20-weight
percent range when special low-copper scrap selection procedures are not invoked on the mill
process.

Examination of the predicted effect of residual element composition on the irradiation behavior
of pressure vessel steels as provided in Regulatory Guide 1.99, and a preliminary analysis of
GE data in the BWR fluence range from 10 operating BWRs representing copper contents in the
range 0.01- to 0.30-weight percent and phosphorous contents in the range 0.007- to
0.02-weight percent reveals a minimal impact due to the possible variation in metal composition
that could be present in the vessel beltline.

The selection of materials for the RPV surveillance programs in BWR 2, 3, and 4 reasonably
represents the materials in the beltline region of the vessel. The steps taken by GE to assure
adequate representation of the welds process and all subsequent material processing steps
seen by the vessel materials limits the only possible variation between surveillance specimens
and vessel material to the heat-to-heat variability of base metal and weld metal. The net,
end-of-40-year-life effect of these possible variations is projected to be only a 10° to 25°F
variability in the predicted transition temperature shift for the BWR fluence range. Although it is
still important to know the residual element composition of the vessel steel and surveillance
specimens for complete analysis of surveillance test results, this information can easily be
obtained by chemical analysis of archive material and analysis of specimens at the time of
testing. GE believes that the steps taken during the production of BWR pressure vessel
surveillance specimens adequately assure reasonable representation of the vessel material and
that any variations in irradiation behavior between the surveillance materials and additional
heats of vessel materials are minimal in the BWR fluence range. Further information regarding
vessel materials, neutron fluence, and RTypr is given in appendix R.
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The report, "BWR Vessel and Internals Project, Update of Bounding Assessment of BWR/2-6
Reactor Pressure Vessel Integrity Issues (BWRVIP-46)," focused on determining the effects of
weld chemistry variability on upper shelf energy (USE) evaluation and pressure-temperature
curves. Based upon the use of bounding chemistries in a previous equivalent margin analysis,
it was concluded that the issue of weld chemistry variability has no impact on BWR USE
evaluations. In this study, pressure-temperature curves were evaluated by examining weld
heats in the irradiated beltline region for each vessel. Chemistries of the beltline weld heats
were determined, and bounding values were assumed for each weld heat to project
embrittlement levels in the welds. These values were compared to the adjusted reference
temperatures of the limiting beltline materials, and the updated results were compared to
previously calculated values in the report "BWR Vessel and Internals Project, Bounding
Assessment of BWR/2-6 Reactor Pressure Vessel Integrity Issues (BWRVIP-08NP)." The
results demonstrate that there is no impact on the pressure-temperature curves due to
chemistry variability for the BWR vessels.

424113 Boiling Water Reactor Vessel and Internals Program. See HNP-2-FSAR
subsection 18.2.15 for a description of the program that manages the effects of aging on the
reactor vessel and the reactor internal components.

424114 Intergranular Stress Corrosion Cracking. The precautions taken to avoid
significant sensitization of austenitic stainless steel during heat treatments and welding
operations for core structural load bearing members and component parts of the reactor coolant
pressure boundary are:

A. The carbon content of the cladding (on internal RPV surfaces) is limited to 0.08%
maximum.

B. Internal stainless steel structural members subject to furnace stress relief are
specified to have a carbon content < 0.035%, or to be clad afterwards.

C. Stainless steel nozzle ends are not exposed to furnace stress relief of the vessel,
nor to any prolonged heating above 800°F. Those safe ends that had gone
through furnace stress relief were replaced.

D. All welding and inspection procedures are reviewed and approved by GE-APED

prior to use in fabrication. This review includes adequacy of the technique in
minimizing/detecting sensitization damage.

4.2.4.2 Shroud Support

The reactor vessel shroud is a cylindrical shell that surrounds the reactor core assembly and
provides a barrier to separate the upward core flow from the downcomer annulus flow. The
shroud support is a circular plate welded to the vessel wall and is designed to carry the weight
of the shroud, the steam separators, and the jet pump system. Stresses due to reactions at the
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shroud support are within appropriate ASME Code limits for normal, upset, emergency, and
faulted loading conditions.

Design of the shroud support also takes into account the restraining effect of components
attached to the support, and weight and earthquake loadings. The vessel shroud support and
other internal attachments (jet pump riser support pads, guide rod brackets, steam dryer support
brackets, dryer holddown brackets, feedwater sparger brackets, and CS brackets) are shown in
HNP-2-FSAR figure 4.1-1.

4243 Reactor Vessel Support Assembly

The reactor vessel is supported laterally and vertically. Bracing makes it as rigid as possible
without impairing the movements required for thermal expansion. Where thermal requirements
prohibit the use of rigid supports, spring anchors or hydraulic snubbers are used; they resist
earthquake forces while allowing sufficient flexibility for thermal expansion.

The reactor vessel support assembly consists of a ring girder and the various bolts, shims, and
set screws necessary to position and secure the assembly between the reactor vessel support
skirt and the support pedestal. The reinforced concrete support pedestal is constructed as an
integral part of the building foundation. Steel anchor bolts are set in the concrete, with their
threads extending above the surface. The anchor bolts extend through the ring girder bottom
flange. High-strength bolts are used to secure the flange of the reactor vessel support skirt to
the top flange of the ring girder. The ring girder is fabricated of ASTM A-36 structural steel
according to American Institute of Steel Construction (AISC) Specifications.

4.2.4.4 Vessel Stabilizers

Vessel stabilizers are provided to transmit seismic and jet reaction forces to supporting
structures. They also limit horizontal vibration. The vessel stabilizers connect the reactor
vessel to the top of the shield wall surrounding the vessel. Full-penetration welds attach four
stabilizer brackets to the reactor vessel at evenly spaced locations around the vessel below the
flange. Each vessel stabilizer consists of a stabilizer rod, threaded at the ends; springs,
washers, a nut, a plate, and a bumper bracket with tapered shims. The stabilizers are attached
to each bracket and apply tension in opposite directions. The stabilizers are evenly preloaded
with tensioners to the values of the residual loads. The stabilizers are designed to permit radial
and axial vessel expansion.

4245 Refueling Bellows

The refueling bellows forms a seal between the reactor vessel and the surrounding drywell to
permit flooding of the space (reactor well) above the vessel during refueling operations. The
refueling bellows assembly (HNP-2-FSAR figure 4.1-1) consists of a Type 304 stainless steel
bellows, a backing plate, a spring seal, and a removable guard ring. The backing plate
surrounds the outer circumference of the bellows to protect it and is equipped with a tap for
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testing and for monitoring leakage. The self-energizing spring seal is located in the area
between the bellows and the backing plate. The seal is designed to limit water loss in the event
of a bellows rupture; should this occur, the seal makes a tight fit to the backing plate when
subjected to full hydrostatic pressure. The guard ring attaches to the assembly and protects the
inner circumference of the bellows. To permit inspection of the bellows the guard ring can be
removed from above. The assembly is welded to the reactor bellows support skirt and the
reactor well seal bulkhead plate. The reactor bellows support skirt is welded to the reactor
vessel shell flange, and the reactor well seal bulkhead plate bridges the distance to the primary
containment drywell wall. Six watertight hinged covers are bolted in place on the bulkhead plate
for normal refueling operation. For normal operation, these covers are opened and removable
air supply ducts and air return ducts permit circulation of ventilation air in the region above the
reactor well seal.

4.2.4.6 CRD Housings

The CRD housings are inserted through the CRD penetrations in the reactor vessel bottom
head and are welded to the stub tubes extending into the reactor vessel. Each housing
transmits a number of loads to the bottom head of the reactor. These loads include the weight
of a control rod and CRD, which are bolted to the housing from below (HNP-2-FSAR
subsection 4.2.3), the weight of a control rod guide tube, one four-lobed fuel support piece, and
the four fuel assemblies which rest on the top of the fuel support piece (HNP-2-FSAR
subsection 4.2.2). The housings are fabricated of Type 304 austenitic stainless steel.

4247 CRD Housing Supports

The CRD housing support is designed to prevent a nuclear transient in the unlikely event that
there is a CRD housing failure. This device consists of a grid structure located below the
reactor vessel from which housing supports are suspended. The supports allow only slight
movement of the CRD or housing in the event of failure. The CRD housing support is discussed
in detail in HNP-2-FSAR section 4.5.

4.2.4.8 Incore Neutron Flux Monitor Housings

The incore neutron flux monitor housings are inserted up through the incore penetrations in the
bottom head of the reactor vessel and are welded to the inner surface of the bottom head. An
incore flux monitor guide tube is welded to the top of each housing (HNP-2-FSAR

subsection 4.2.2) and either a source range monitor/intermediate range monitor drive unit or a
local power range monitor is bolted to the seal-ring flange at the bottom of the housing

(section 7.5).
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4249 Reactor Vessel Insulation

The reactor vessel insulation has an average maximum heat transfer rate of ~ 0.2 Btu/h/ft*/°F at
the operating conditions of 550°F for the vessel and 135°F for the outside air. The drywell
average air temperature limit for normal operation is < 150°F. The maximum insulation
thicknesses are ~ 4 in. for the upper head, 3 1/2 in. for cylindrical shell and nozzles, and 3 in. for
the bottom head. The upper head insulation is designed to permit complete submersion in
water during shutdown without loss of insulating material, contamination from the water, or
adverse effect on the insulation efficiency of the insulation assembly after draining and drying.

425 SAFETY EVALUATION

The reactor vessel design pressure of 1250 psig is based on an analysis for margins required to
provide a reasonable operating range; margins include additional allowances to accommodate
transients above the operating pressure (~ 1038 psig at the level of the top head flange) without
initiating operation of the safety valves. The design temperature for the reactor vessel (575°F)
is based on the saturation temperature of water which corresponds to the design pressure.

To withstand external and internal loadings while maintaining a high degree of corrosion
resistance, a high-strength carbon alloy steel is used as the base metal and an internal cladding
of stainless steel is applied using weld overlay.

High fatigue usage components are selected to be in a thermal cycle tracking program to assure
that such components will continue to meet the cumulative fatigue usage factor (CFUF)
requirements of the ASME Code, Section lll, design requirement value of 1.00. The thermal
cycle tracking program records the pressure and temperature histories during plant transient
events. A description of the component cyclic or transient limit program is provided in
HNP-2-FSAR subsection 18.2.12.

The data are used to update these CFUFs of the high fatigue components to assure reactor
vessel component structural adequacy based on actual plant duty. The components selected
for monitoring on HNP-1 and HNP-2 are the RPV main closure studs, the RPV shell, the
RPV recirculation inlet nozzles, and the RPV feedwater nozzles.

The following calculations are used to determine the CFUF for each of the limiting RPV
components.

RPV Main Closure Studs

Ucs = Xcs +(9.788n; + 31.16n;, - 3.626n; + 3.626n, + 3.626n5 + 3.154ns + 1.927n7) x 10

where:
Ucs = CFUF
Xcs = current CFUF
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n, = number of rapid heatups, temperature increases > 29°F at a rate > 100°F/h

n, = number of boltups

n; = number of vessel overpressure events above 1250 psig

ns = number of cooldowns from above 459°F (450 psig) to 406°F (250 psig) or below at a
rate < 100°F/h

ns = number of hydrostatic tests to 1250 psig

ne = number of rapid heatups, temperature increases < 29°F at a rate > 100°F/h

n; = number of cooldowns from above 459°F (450 psig) to 406°F (250 psig) or above at a

rate < 100°F/h
(n1 through n; equals the number of event types during the surveillance period)
RPV Shell

Us = Xs + (13.17n; + 3.5 n, + 0.5 n3) * 10™

where:

Us = CFUF

Xs = current CFUF

n, = rapid heatup, temperature difference > 42°F at a coolant heatup rate > 100°F/h

n, = rapid cooldown, temperature difference > 139°F at a coolant cooldown rate > 100°F/h
n; = rapid cooldown, temperature difference < 139°F at a coolant cooldown rate > 100°F/h

(n1 through n; equals the number of event types during the surveillance period)

RPV Recirculation Inlet Nozzles

Ur= Xr+ (561.8n4 + 378.8n, + 12.1n3 + 191.6n4 + 57.0n5 + 35.9ng + 10.5n7 + 1.0ng + 142.9ng +
90.9n4 + 735.3n4;) x 10°

where:

Ur = CFUF

Xr = current CFUF

n, = heatups of recirc flow from temperature T=70°F to T=540°F
n, = heatups of recirc flow from temperature T=70°F to T=520°F
n; = heatups of recirc flow from temperature T=70°F to T=300°F
n; = heatups of recirc flow from temperature T=100°F to T=520°F
ns = heatups of recirc flow from temperature T=150°F to T=520°F
ne = heatups of recirc flow from temperature T=200°F to T=520°F
n; = heatups of recirc flow from temperature T=300°F to T=520°F
ng = heatups of recirc flow from temperature T=400°F to T=520°F
ng = number of sudden starts of recirc pump in cold recirc loop
Ny = number of loss of feedwater pump and isolation valves close events
ny1 = heatups of recirc flow from T < 100°F to T > 540°F

4.2-9 REV 22 9/04



HNP-1-FSAR-4

(n1 through n44 equals the number of event types during the surveillance period)

RPV Feedwater Nozzles

Uf = Xf + 0.00031(n; + ny)

where:

Uf = CFUF

Xf = current CFUF

n, = number of startups
n, = number of scrams

(n1 and n, equal the number of event types during the surveillance period)

These four components have been shown by analysis to have the highest CFUF predictions
over the life of the RPV. All other areas of the RPV have been analyzed to have a negligible
effect on the fatigue of the RPV and thus are not monitored. The methodology used for
calculating the CFUFs is contained in the GE report, "Reactor Pressure Vessel Thermal Cycle
Evaluation for Edwin |. Hatch Nuclear Power Station Units 1 and 2," GPC-103-1, DRF:
B11-00362, August 1986, GE Letter GEH-042, "Hatch 1 and 2 Extended Power Uprate
Cumulative Fatigue Usage Factor Formulas," August 13, 1997, and "Fatigue Analysis for the
Recirculation Inlet Nozzles and Main Closure Studs, Edwin |. Hatch Nuclear Power Station
Unit 1," GE-NE-523-103-0793, Rev. 0, DRF 137-0010-6. This methodology is reflected in the
Units 1 and 2 procedure for CFUF monitoring and is performed on an annual basis.

The reactor assembly design is such that the average annular distance from the outer most fuel
assemblies to the inner surface of the reactor vessel is ~ 28.6 in. This annular volume, which
contains the core shroud, the jet pump assemblies, and reactor coolant, serves to attenuate the
fast neutron flux incident upon the reactor vessel wall.

Assuming plant operation at 2436 MWt for 14.3 EFPYs, at 2558 MWt from 14.3 EFPY's until

17 EFPYs and at 2804 MWt with a 90% plant-capacity factor for the remaining plant life to |
54 EFPYs, neutron fluence at 1/4T depth from the inner surface of the vessel was calculated to
be 2.53 x 10"® n/cm? for neutrons having energies > 1 MeV. Using HNP-2-FSAR table 5.2-7,
sheet 1 of 2, this will produce an RTypr shift of 187.7°F. With an initial RTypr in the vessel plate
material of -20°F, the resulting maximum RTypr of the vessel wall at EOL will be 167.7°F. This
EOL RTypr is below the vessel annealing limit of 200°F in 10 CFR 50, Appendix G; thus,
provisions for annealing are not necessary.

To produce brittle fracture at or below the RTypr, a stress of 5000 to 8000 psi is considered
necessary, which corresponds to an operating coolant pressure of ~ 250 psig. The associated
coolant and, hence, shell temperature would be of the order of 400°F. Therefore, during
operation when pressure is dependent upon temperature, brittle failure of the vessel is not
considered possible until the neutron fluence of the reactor vessel reaches a value of the order
of 10? nvt. This value is a factor of more than 50 times the maximum neutron fluence
conservatively calculated during the lifetime of this plant.
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In addition to meeting the minimum requirements of the ASME Boiler and Pressure Vessel
Code, the following precautions and tests either assure a low initial RTypr of the reactor vessel
material or reduce the sensitivity of the material to irradiation effects:

A. The material was selected and fabrication procedures were controlled to produce
as fine a grain size as practical. It was an objective in fabrication to maintain a
grain size of 5 or finer.

B. Pressure-containing and structural materials of carbon and low-alloy steel were
impact tested in accordance with Paragraph N-330 of Section Ill, ASME Code.
The RTypr values are no higher than those specified in HNP-2-FSAR table 5.2-9,
and Charpy V-Notch test results met the appropriate minimum required ASME
Code, Section lll, values at the specified temperatures.

C. Dropweight impact tests were performed on each heat charge and heat treatment
charge of all low-alloy steel plate material in its as-fabricated condition. The
dropweight specimens were Type P-3 as specified in ASME E-208.

D. Dropweight impact tests were performed on the weld metal, the heat-affected zone
of the base metal, and the base metal of the weld test plates simulating seams. If
different welding procedures were used for nozzle welds, dropweight tests were
performed on coupons similarly prepared. The RTypr test criteria for the weld and
heat-affected zone of the base material were the same as for the unaffected base
metal.

E. The actual RTypr of material opposite the fuel zone was determined. For each
main closure flange forging, a minimum of one tensile, three Charpy V-Notch, and
two dropweight specimens were tested from each of two locations ~ 180° apart on
the flange.

Small carbon steel safe ends, from which dropweight specimens cannot be made, were exempt
from dropweight testing.

Quality control methods used during the fabrication and assembly of the reactor vessel and
appurtenances assure that design specifications are met.

The aging management aspects of the reactor pressure vessel materials surveillance program
are further discussed in HNP-2-FSAR subsection 18.2.17.

4.2.6 INSPECTION AND TESTING

Inservice inspection was considered during the design of the reactor vessel and insulation to

assure adequate working space and access for inspection. This is described in further details in
appendix H.
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The acceptance standards used for HNP-1 are those specified in Appendix IX to Section Il of
the 1968 ASME Boiler and Pressure Vessel Code.

The reactor vessel material surveillance program follows the recommended program as
described in the GE report NEDO-10115, Material Property Surveillance of General Electric
BWR Vessels. This program meets the intent of ASTM E-185-70. The referenced report
describes the specimens, specimen inventory, capsule design, material selection, and
instructions for handling the specimens during testing.

As shown in table R.6-1, the material surveillance test program for the pressure vessel provides
for the preparation of a series of Charpy V-notch impact specimens and tensile specimens from
the base metal from the reactor vessel, weld heat-affected zone metal, and weld metal from a
reactor steel joint which simulates a welded joint in the reactor vessel. The specimens are
placed in capsules which are held in capsule baskets. These baskets are positioned at three
locations in the reactor vessel adjacent to the inner vessel wall at positions radially adjacent to
the core-midplane where the neutron flux is highest. The specimens are thus exposed to a
neutron flux with a rate and spectrum similar to that of the vessel wall.

The reactor vessel material surveillance program does not comply with the Atomic Energy
Commission (AEC) proposed Reactor Vessel Material Surveillance Program Requirements,
50.55a, as published July 3, 1971. This program was made available after the HNP-1 vessel
surveillance requirements were established. Consequently the program cannot relate to the
HNP-1 vessel and no compliance can be expected.

No transverse specimens are included in the reactor vessel material surveillance program. All
Charpy V-Notch specimens are taken parallel to the direction of rolling. Methods developed to
convert longitudinal specimen Charpy data to equivalent transverse specimen Charpy data are
discussed in HNP-2-FSAR paragraph 5.2.4.1.1.

The specimens are installed at startup or just prior to full-power operation. Selected groups of

specimens may be removed at intervals over the lifetime of the reactor and tested to compare
mechanical properties with the properties of control specimens which are not irradiated.
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Component

Heads and
shell

Closure
flange

Nozzles

CRD stub
tubes

CRD
housings

Incore
housings

Cladding
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TABLE 4.2-1

REACTOR VESSEL MATERIALS

Form

Rolled
plate

Forged
rings

Forged
shapes

Forged or
extruded
tubes

Pipe

Pipe

Weld
overlay

Material

Low-alloy steel

Low-alloy steel

Low-alloy steel

Clad low-alloy
steel or inconel

Austenitic
stainless steel

Austenitic
stainless steel

Austenitic
stainless steel

a. ASME SA533 Grade B is the same specification as ASTM A533 C1.1.

Specification
(ASME)
SA533 Grade B®

SA508 Class 2

SA508 Class 2

SA508, SB166, or
SB167
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TABLE 4.2-2

TYPICAL REACTOR VESSEL DATA

Reactor Vessel
Inside diameter (in.) (minimum) 218
Inside length (ft) 69.3
Design pressure and temperature (psig/°F) 1250/575

Vessel Nozzles (no. and size) (in.)

Recirculation outlet 2 - 28
Steam outlet 4 - 24
Recirculation inlet 10 - 12
Feedwater inlet 4 -12
Core spray inlet 2 -10
Head spray (blind flange) 1 - 6
CRD 137 - 6
Jet pump instrumentation 2 - 4
Vent 1 - 4
Instrumentation 6 - 2
CRD hydraulic system return 1 - 3
Core differential pressure and liquid control 1 - 2
Drain 1 - 2
Incore flux instrumentation 43 - 2
Head-seal leak detection 2 - 1
Estimated Weights (Ib)

Bottom head 122,000
Vessel cylinder 822,000
Vessel flange 41,000
Support skirt 20,000
Internals support 15,000
Nozzles 17,000
CRD housings 68,000
Stub tubes 6,000
Incore flux monitor housings 3,000

Total vessel without top head 1,114,000
Top head 135,000

Total vessel 1,249,000
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4.3 REACTOR RECIRCULATION SYSTEM

4.3.1 POWER GENERATION OBJECTIVE

The objective of the reactor recirculation system (RRS) is to provide a variable moderator
(coolant) flow to the reactor core for adjusting reactor power level. The current safety analysis
report® and reactor operating pressure increase (ROPI) project report® demonstrate that the
HNP-1 RRS can safely operate at a power level of 2804 MWt and 1060 psia.

4.3.2 POWER GENERATION DESIGN BASES

A. The RRS provides sufficient flow to remove heat from the fuel over the entire load
range.

B. The RRS is designed to minimize maintenance situations that would require core
disassembly and fuel removal.

4.3.3 SAFETY DESIGN BASES

A. The RRS is so designed that adequate fuel barrier thermal margin is assured
following recirculation pump system malfunctions.

B. The RRS is so designed that a failure of piping integrity does not compromise the
ability of the reactor vessel internals to provide a refloodable volume.

C. The RRS is designed to maintain pressure integrity during adverse combinations of
loadings and forces resulting from operation during anticipated operational
occurrence (AOOs), accident, or special event conditions.

434 DESCRIPTION

The RRS consists of two recirculation loops external to the reactor vessel which provide the
piping path for the driving flow of water to the reactor vessel jet pumps (figure 4.3-1 and drawing
no. H-16066). Each external loop contains one variable-speed, motor-driven recirculation pump
and two motor-operated gate valves. Each pump discharge line contains a venturi-type flow
element. The recirculation loops are a part of the nuclear system process barrier and are
located inside the primary containment structure. Table 4.3-1 summarizes the characteristics of
the RRS.

An analysis of the RRS was done to determine the potential for damage due to water hammer.
Since the RRS is filled with water, and is self-venting by configuration, the problem area of most
concern is the potential for damage due to pressure waves caused by rapid changes in flow
velocity.
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The RRS valve closure time of 30 s (paragraph 7.4.3.5.4) is much too slow to cause water
hammer. [f instantaneous seizure of the recirculation pump should occur, stoppage of the
impeller does not result in a large instantaneous change in flow velocity as would be required
for water hammer effects to occur. This is because a large open flow area still exists through
the pump impeller when it is stopped.

When the pump seizes, it changes from a device which aids the flow of water to a device which

impedes its flow. Two pressure waves are sent out from the pump, which modify the flow. The

wave that travels up the suction pipe is a compression wave, while the wave traveling down the
discharge pipe is a rarefaction wave. Evaluation of the pressure waves, using equations of the

form AP = CAV, results in a wave strength of < 200 psi. That is, the pressure in the suction pipe
is < 200 psi above normal operating pressure, while the pressure in the discharge pipe is < 200
psi below normal operating pressure. This change in pressure is within the design capability of

the piping system.

Since there is no further energy input to the system after the pump seizes, any conceivable
combination of pressure wave reinforcement in the piping system caused by reflections from
valves, elbows, orifices, etc., cannot exceed the strength of the original wave from which they
were subdivided.

It is, therefore, concluded that water hammer effects in the RRS are negligible.

The recirculated coolant consists of saturated water from the steam separators and dryers
which has been subcooled by incoming feedwater. This water passes down the annulus
between the reactor vessel wall and the core shroud. A portion of the coolant exits from the
vessel and passes through the two external recirculation loops to become the driving flow for
the jet pumps. Each of the two external recirculation loops discharges high-pressure flow into
an external manifold from which individual recirculation inlet lines are routed to the jet pump
risers within the reactor vessel. The remaining portion of the coolant mixture in the annulus
becomes the driven flow for the jet pumps. This flow enters the jet pumps at the suction inlet
and is accelerated by the driving flow. The flows, both driving and driven, are mixed in the jet
pump throat section and result in partial pressure recovery. The balance of recovery is obtained
in the jet pump diffusing section (figure 4.3-2). The adequacy of the total flow to the core is
discussed in HNP-2-FSAR section 4.4, Thermal and Hydraulic Design. Tests have been
conducted and documented" to show that the jet pump design is sound and that jet pump
operation is stable and predictable.

When the pump is placed in service, it is started at slow speed with the main discharge valve
closed and the nuclear system at full pressure. Pump speed is not increased until after the
main valve has been opened. There is actually a very low probability that a recirculation loop
that has been allowed to cool would need to be placed in service again with the nuclear system
hot. The only valid reason for closing both the pump discharge valve and the suction valve is to
prevent leakage out of that portion of the recirculation loop between the valves, i.e., excessive
leakage through the pump mechanical seal. A leak of this nature cannot be repaired without
shutting the plant down to permit access to the drywell; the nuclear system would in all
probability have been cooled prior to repairing the leak.
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Since the removal of RRS valve internals requires unloading of the nuclear fuel, the valves are
provided with high quality back seats to permit stem packing renewal with the system full of
water and to provide adequate leak tightness. The design objective of the back seats and trim
is to minimize the need for maintenance of the valve internals.

Allowable heatup rate is 165°F/h for the recirculation pump piping and associated equipment. It
is possible to keep the idle loop hot during one pump operation by leaving the nonoperating
loop valves open, permitting the pressure head created by reverse flow through the idle jet
pumps to cause reverse flow through the idle loop.

The feedwater flowing into the reactor vessel annulus during operation provides subcooling for
the fluid passing to the recirculation pumps, thus providing the additional net positive suction
head (NPSH) available beyond that provided by the pump location below the reactor vessel
water level. If feedwater flow is below 20%, the recirculation pump speed is automatically
limited. Therefore, automatic protection against recirculation pump cavitation is provided by the
20% feedwater flow limiter. The reactor is designed so that it may be operated with only one
recirculation pump.

The recirculation pumps can be operated to heat up the nuclear system for hydrostatic tests. At
this time, they act in conjunction with any contribution from reactor core decay heat to raise
nuclear system temperature above the limit imposed on the reactor vessel by nil ductility
transition temperature considerations so that the hydrostatic test can be conducted.

Decontamination connections are provided in the piping on the suction and discharge side of
the pumps (drawing no. H-16066) to permit flushing and decontamination of the pump and
adjacent piping. These connections are arranged to permit the convenient and rapid connection
of temporary piping. The piping low point drain is used during flushing or decontamination to
remove crud from the piping low point; it is also designed for the connection of temporary piping.

Each recirculation pump is a single stage, vertical, centrifugal pump equipped with mechanical
shaft seal assemblies. The pump is capable of stable and satisfactory performance while
operating continuously at any speed corresponding to a power supply frequency range of 11.5
to 57.5 Hz. For loop startup, each pump operates at a speed corresponding to a power supply
frequency of 11.5 Hz with the main discharge gate valve closed.

The recirculation pump shaft seal assembly consists of two seals built into a cartridge which can
be readily replaced without removing the motor from the pump. The seal assembly is designed
to require minimum maintenance over a long period of time, regardless of whether the pump is
stopped or operating. Each individual seal in the cartridge is capable of sealing against pump
design pressure so that any one seal can adequately limit leakage in the event that the other
seal should fail. A breakdown bushing in the pump casing reduces leakage in the event of a
gross failure of both shaft seals. The pressure drop across each individual seal can be
monitored, as well as the cavity temperature of each seal. The seal leakage is piped to a
flow-measuring device which alarms on high leakage.

Each recirculation pump motor has a variable speed, ac electric motor which can drive the

pump over a controlled range of 20 to 100% of rated pump speed. The motor is designed to
operate continuously at any speed within the power supply frequency range of 11.5 to 57.5 Hz.
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Electrical equipment is designed, constructed, and tested in accordance with applicable
sections of the National Electrical Manufacturers Association standards.

A variable frequency, adjustable speed drive (ASD) located outside the drywell supplies power
to each recirculation pump motor. The pump motor is electrically connected to the ASD and is
started by changing the frequency and voltage of the supply to the motor. Minimum speed
corresponds to a frequency of 11.5 Hz.

The rotating inertia of the recirculation pump and motor provides an acceptable coastdown of |
flow following loss of power to the driven motors, so that the core is adequately cooled during
AOOs.

Erosion, corrosion, and material fatigue were accounted for in the design of the pump casings.
Aging management programs (HNP-2-FSAR subsections 18.2.1, 18.2.12, 18.3.2, and 18.5.1)
monitor the condition of the pump so that actions are taken to provide reasonable assurance
that the components are capable of performing their intended functions for 40 years and
beyond. The pump drive motor, impeller, and wear rings are designed for as long a life as is
practical. The design objective is to provide a unit which does not require removal from the
system for rework or overhaul more often than once every 5 years.

The RRS is designed and constructed to meet the requirements described in appendix A. The
suction and discharge lines are welded to the pump casing.

Except for the ASD, the RRS is designed as Class 1 seismic equipment. As such, it is designed |
to resist sufficiently the response motion at the installed location within the supporting structure

for the design basis earthquake, assuming the pump is filled with water for the analysis.

Vibration snubbers located at the top of the motor and at the bottom of the pump casing are
designed to resist the horizontal reactions.

The recirculation piping, valves, and pumps are supported by constant support hangers and by
sway braces to avoid the use of piping expansion loops, which would be required if the pumps
were anchored. In addition, to limit pipe motion the recirculation loops are provided with a
system of restraints so designed that reaction forces associated with any split or circumferential
break do not jeopardize containment integrity. This restraint system provides adequate
clearance for normal thermal expansion movement of the loop. Impact loading is not
considered on limit stops, since possible pipe movement is limited to slightly more than the
clearance required for thermal expansion movement.

The RRS piping, valves, and pump casings are covered with thermal insulation. The type of
insulation is either all-metal, reflective or conventional, asbestos; it is prefabricated into
components for field installation. Removable insulation is provided at various locations to
permit periodic inspection of the equipment.

4.3.5 SAFETY EVALUATION

The RRS malfunctions that pose threats of damage to the fuel barrier are described and
evaluated in HNP-2-FSAR chapter 15, Safety Analysis. There it is shown that none of the
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malfunctions results in fuel damage; thus, the RRS has sufficient flow coast down
characteristics to maintain fuel thermal margins during AOOs.

Figure 4.3-3 shows the core flooding capability provided by a jet pump design plant. No
recirculation line break can prevent reflooding of the core to the level of the jet pump suction
inlet. The core flooding capability of a jet pump design plant is discussed in detail in the
emergency core cooling system document® filed with the Atomic Energy Commission as a
General Electric topical report.

Piping and pump design pressures for the RRS are based on peak steam pressure in the
reactor dome plus the static head above the lowest point in the recirculation loop and
appropriate pump head allowance. Piping and related equipment pressure parts are chosen in
accordance with applicable codes. Use of the listed code design criteria provides assurance
that a system designed, built, and operated within design limits has an extremely low probability
of failure due to any known failure mechanism.

4.3.6 INSPECTION AND TESTING

Quality control methods were used during fabrication and assembly of the RRS to assure that design
specifications were met. Inspection and testing were carried out as described in appendix A.

The reactor coolant system was thoroughly cleaned and flushed before fuel was loaded initially.

During the preoperational test program, the RRS was hydrostatically tested at 125% reactor vessel
design pressure. Preoperational tests on the RRS also included checking for proper operation of the
valves. Pumps and MG sets were preoperationally tested, and operation of the flow control system was
checked. MG sets have later been replaced by ASDs.

During the startup test program horizontal and vertical motions of the RRS piping and equipment were
observed and supports were adjusted, as necessary, to assure that components were free to move as
designed. Nuclear system responses to recirculation pump trips at rated temperatures and pressure were
evaluated during the startup tests. Plant power response to recirculation flow control was determined.

A vibration operational test was conducted at HNP-1 on the RRS. Vibration was measured during
normal operation of the RRS to determine the effects of pump rotation and flow. Deflections of the RRS
had been calculated, which would produce alternating stresses in the system < 10,000 psi.
Measurements were made to ensure actual deflections were less than the allowable deflections.

Routine vibration measurements are not made for any of the transient conditions. Vibration
could be created in the recirculation piping system by either valve closure or pump seizure.
Vibration could occur in the main steam piping from either turbine stop valve closure or relief
valve opening.

To assure adequate working space and access for inspection of selected components, inservice

inspection was considered in the design of the RRS. Design provisions for access met the
intent of the American Society of Mechanical Engineers Boiler and Pressure Vessel Code,

4.3-5 REV 28 9/10



HNP-1-FSAR-4

Section Xl, "Inservice Inspection of Nuclear Reactor Coolant Systems," dated January 1, 1970.
See appendix H for current inservice inspection requirements.
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TABLE 4.3-1

REACTOR RECIRCULATION SYSTEM DESIGN DATA

External Loops

Number of loops
Pipe sizes (nominal outside diameter)

Pump suction

Pump discharge
Discharge manifold
Recirculation inlet line

Design pressure/design temperature

Suction piping
Discharge piping

Operation at Rated Conditions

Recirculation pump (each)

Flow

Flow

Total developed head

Suction pressure (static)
Available NPSH (minimum)
Water temperature (maximum)
Pump

Flow velocity at pump suction

Drive motor and power supply

Frequency (at rated)
Frequency (operating range)
ASD maximum input power rating

Jet pumps

Number

Total jet pump diffuser flow
Throat inside diameter (ID)
Diffuser ID

Nozzle ID

Diffuser exit velocity

Jet pump head

*Actual power requirement is load dependent and is less than the kVA rating.

28in.
28in.
22in.
12.75 in.

1150/562
1325/562

~ 45,200
17.1 x 108
530

1055

460

533

5260
~28.3

56
11.5-57.5
6665*

20
78.5 x 10°
6.86
17.0
3.40
14.7
80.4

psig/°F
psig/°F

gal/min
Ib/h

ft

psia

ft

°F

hp brake
ft/s

Hz
Hz
kVA

Ib/h

in.

in.
in.(nominal)
ft/s

ft
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4.4 PRESSURE RELIEF SYSTEM

441 POWER GENERATION OBJECTIVE

The power generation objective of the pressure relief system is to limit any overpressure which
occurs during anticipated operational occurrences (AOOs). The current safety analysis report®
and reactor operating pressure increase (ROPI) project report” demonstrate that the HNP-1
pressure relief system can safely operate at a power level of 2804 MWt and 1060 psia.

4.4.2 POWER GENERATION DESIGN BASES

A. The safety relief valves (SRVs) limit vessel pressure during normal plant isolations
and load rejections.

B. The SRVs discharge to the primary containment suppression pool.

C. The SRVs properly reclose following a plant isolation or load rejection so that
normal operation can be resumed as soon as possible.

443  SAFETY OBJECTIVE

The safety objective of the pressure relief system is to prevent overpressurization of the nuclear
system; this protects the nuclear system process barrier from failure which could result in the
uncontrolled release of fission products. In addition, the automatic depressurization feature of
the pressure relief system acts in conjunction with the emergency core cooling system (ECCS)
for reflooding the core following small breaks in the nuclear system process barrier; this protects
the reactor fuel barrier (UO, sealed in cladding) from failure due to overheating.

4.44  SAFETY DESIGN BASES

A. The pressure relief system prevents overpressurization of the nuclear system in
order to prevent failure of the nuclear system process barrier due to pressure.

B. The pressure relief system provides automatic depressurization for small breaks in
the nuclear system so that low-pressure coolant injection and the core spray
system can operate to protect the fuel barrier.

C. The relief valve discharge piping is designed to accommodate forces resulting from
relief action and supported for reactions due to flow at maximum relief discharge
capacity so that system integrity is maintained.

D. The pressure relief system is designed for testing prior to nuclear system operation
and for verification of the operability of the pressure relief system.
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E. The pressure relief system is designed to withstand adverse combinations of
loadings and forces resulting from operation during AOO, accident, or special
event conditions.

4.4.5 DESCRIPTION

The pressure relief system includes 11 SRVs, all of which are located on the main steam lines
within the drywell between the reactor vessel and the first isolation valve. (See figures 4.4-1
and 4.4-2.) The SRVs provide protection against overpressure of the nuclear system and
discharge directly to the suppression pool. Table 4.4-1 shows the set pressures and capacities
of the valves.

The main steam lines on which the SRVs are mounted are designed, installed, and tested in
accordance with the applicable code discussed in appendix A. The SRVs are distributed
among the four main steam lines so that a single accident cannot completely disable a safety
relief or automatic depressurization function. (See figures 4.4-1 and 4.4-2 for location of the
valves and piping.) Two pressure switches are located on the tailpipe (discharge line) of each
SRV. Each switch is powered from a separate Class 1E power source. Calibration verification
of setpoint and testing of these pressure switches is performed at regular intervals as stated in
the Edwin I. Hatch Nuclear Plant-Unit 1 (HNP-1) Technical Specifications.

The SRVs are designed, constructed, and marked with data in accordance with the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section llI,

Article 9. Popping-point tolerance (pressure at which the valve pops wide open) is £ 3% of the
set pressure. Each valve is self-actuating at the set relieving pressure. Automatic
depressurization system (ADS) valves are provided with power-actuated devices capable of
opening the valve at any steam pressure above 100 psig and capable of holding the valve open
until the steam pressure decreases to about 50 psig. The control system for the actuator is
described in section 7.4, Emergency Core Cooling System Control and Instrumentation. A
nonsafety electrical backup to the mechanical relief is wired to open the SRVs just at setpoints
distributed among 3 groups (table 4.4-1).

Pressure-containing parts of the valve body are fabricated of American Society of Testing
Materials (ASTM) A216, Grade WCB. The relief valves are designed for operation with
saturated steam. The relieving pressures for overpressure relief and safety operating modes
are adjustable between 1025 to 1190 psig with a maximum back pressure of 40% of the set
pressure. The delay time (maximum elapsed time between overpressure signal and actual
valve motion) is < 0.4 s, and the response time (main disc stroke time) is <0.1s. The
two-stage, pilot-operated safety relief valve consists of two principle assemblies: a pilot valve
section (top works) and the main valve section. (See figure 4.4-3.) The pilot valve section
(first stage) is the pressure sensing and control element, and the main valve (second stage)
provides the pressure relief function. The first stage consists of a pilot-stabilizer disc assembly.
The pilot is the pressure sensing member to which the stabilizer disc movement is coupled.
Though not mechanically connected, a light spring keeps the stabilizer in contact with the pilot.
A pilot preload spring permits setpoint adjustment of the valve and provides pilot seating force.
The second or main stage consists essentially of a large piston which includes the main valve
disc, the main valve chamber, and a preload spring. The remote air actuator section can also

4.4-2 REV 22 9/04



HNP-1-FSAR-4

actuate the first stage disc and piston. It is actuated by air pressure supplied externally and
applied to a diaphragm. A typical sequence of operation for overpressure relief self-actuation,
shown in figure 4.4-3, and in figure 5A-4, sheet 1 of the HNP-2-FSAR, can be described as

follows:

A

When the reactor is at operating pressure below the setpoint of the valve, the first
stage and main stage chamber are at system pressure with the valve in the closed
position. (See figure 4.4-3.) The preload spring force seats the pilot valve tightly
and prevents reverse leakage at low system pressures or high back pressures.
The main valve disc is tightly seated by the combined forces exerted by the main
valve preload spring and the system internal pressure, which acts over the area of
the main valve disc. In the closed position, the static pressures are equal in the
valve body and in the chamber over the main valve piston. Leakage through the
piston orifice equalizes the pressure.

As the system pressure increases to the setpoint of the valve, the pressure acting
on the pilot below the seat produces a force great enough to overcome the preload
spring force and lifts the pilot off its seat.

As the pilot moves to full open, the stabilizer disc follows the pilot until the stabilizer
is seated.

With the pilot full open and the stabilizer disc seated, the main piston chamber is
vented to the discharge piping. This venting action creates a differential pressure
across the main valve piston in a direction tending to open the valve. The main
valve piston is sized such that the resultant opening force is greater than the
combined spring load and hydraulic seating force. The stabilizer disc is designed
to control the valve blowdown by holding the pilot open until the proper reclosing
pressure is reached. The stabilizer chamber is connected by a passage to the inlet
side of the valve.

As occurs in the case of the pilot valve, once the main valve disc starts to open,
the hydraulic seating force is reduced; this causes a significant increase in opening
force and the characteristic full opening or popping action.

When the pressure has been reduced sufficiently to permit the pilot valve to close,
leakage of system fluid past the main valve piston repressurizes the chamber over
the piston, eliminates the hydraulic opening force, and permits the preload spring
to close the valve. Once the valve is closed, the additional hydraulic seating force
due to system pressure acting on the main valve disc seats the main valve tightly
and prevents leakage.

The relief valves are installed so that each valve discharge is piped through its own discharge
line to a point below the minimum water level in the primary containment suppression pool,
permitting the steam to condense in the pool. The relief valve discharge lines extend to the
deepest part of the suppression pool where they have a minimum submergence of 8 ft. Each
line terminates in a tee which eliminates unbalanced thrust forces on the pipe and its supports
and anchors. The tees are located 4 ft 6 in. from the bottom of the torus and are oriented such
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that the discharged water and steam do not directly impinge on the torus shell or other
structures. Water in the line above suppression pool water level would cause excessive
pressure at the relief valve discharge when the valve is again opened. For this reason, vacuum
relief valves are provided on each relief valve discharge line to prevent drawing water up into
the line due to steam condensation following termination of relief valve operation. The relief
valves are located on the main steam line piping rather than on the reactor vessel top head
primarily to simplify the discharge piping to the pool and to avoid the necessity of having to
remove sections of this piping when the reactor head is removed for refueling. In addition, the
safety relief valves are more accessible during a shutdown to correct possible valve
malfunctions when they are located on the steam lines.

The mechanical actuation mode is augmented by an electrical actuation logic used as a backup.
Each SRV can be actuated by its electric pilot solenoid valve. Each of the four steam lines is
monitored by a pressure transmitter tied to three trip units (drawing nos. H-16062 and H-16063).
The setpoints for the electrical backup are distributed among 3 groups (table 4.4-1). Each of the
three trip units is set to one of these group settings. The trip units reset at a pressure below the
mechanical closing pressure (drawing no. H-19909). This redundant control capability is, in
itself, nonsafety-related and is isolated by fuses from the safety-related portion of the pilot
valve's circuit that serves either the ADS or the low-low set (LLS) system. The equipment
serving the backup functions is nonsafety-related (reference 1).

Criteria for the design and installation of safety relief valves include the following:
A. Clearance of at least 6 in. is provided between valves and other equipment.

B. Adequate space is provided between welds of sweepolet on header for valve
inspection.

C. Clearance is provided between header and bottom of flange for both installation
and removal of the valve.

D. Flatness tolerances and machined groove surfaces are specified for safety relief
valve flanges.

E. Alarger flange rating of 1500 Ib was provided for structural stability instead of a
pressure rating of 900 Ib for pressure/temperature rating.

F.  Alarger pipe schedule is provided for structural stability than required by pressure
and temperature considerations.

G. Equalization of the discharge thrust forces is provided for safety relief valves by the
routing of the discharge thrust forces through piping to the suppression pool.
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To account for the full discharge thrust loads in the design of the safety relief valves, the
following special loadings are considered in addition to the usual design loads, i.e., weight,
pressure, temperature, and earthquake:

. The jet force exerted on the relief and safety valves during the first millisecond
when the valve is open and before steady-state flow has been established. (With
steady-state flow, the dynamic flow reaction forces are self-equilibrated by the
safety relief valve discharge piping.)

. The dynamic effects of the kinetic energy of the piston disc assembly when it
impacts on the base casting of the valve.

All code allowable stresses are met with these special loads acting concurrently with other
design loads. The highest stress occurs at the branch connection below the valve.

The condition of common mode failure for the dual function safety relief valves for a rapid loss of
main condenser vacuum is discussed in detail in APED Topical Report NEDO-10189, "An
Analysis of Functional Common Mode Failures in General Electric Boiling Water Reactor
Protection and Control Instrumentation," dated July 1970. In particular, subsection 4.1.5
presents an analysis of this condition, and figure 4.5.J depicts the results of the analysis.

Each relief valve is equipped with an air accumulator and check valve arrangement. These
accumulators provide assurance that the valves can be held open following failure of the air
supply to the accumulators, and they are sized to contain sufficient air for a minimum of five
valve operations with containment at atmospheric pressure. Further descriptions of the
operation of the automatic depressurization system and the LLS relief logic system are found in
chapter 6 and in section 4.11, respectively.

Depressurization of the nuclear system can be effected manually in the event the main
condenser is not available as a heat sink after reactor shutdown. The steam generated by core
decay heat is discharged to the suppression pool. To control nuclear system pressure, the
relief valves are operated by remote-manual controls from the main control room. The number,
set pressure, and capacities of relief valves are given in table 4.4-1.

4.4.6 SAFETY EVALUATION
The ASME Boiler and Pressure Vessel Code requires that each vessel designed to meet
Section lll requirements be protected from overpressure. The code permits a peak allowable
pressure of 110% of vessel design pressure. The code specifications for safety valves require
that:

. The lowest safety valve be set at or below vessel design pressure.

. The highest safety valve be set to open < 105% of vessel design pressure.
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The SRVs are set to open by self-actuation (overpressure safety mode, table 4.4-1). This
satisfies the ASME Code specifications for safety valves, since the lowest set valve opens

at < 1250 psig (nuclear system design pressure) and the highest set valve opens < 1312.5 psig
(105% of nuclear system design pressure). A nonsafety electrical backup to the mechanical
relief is wired to open at setpoints distributed among 3 groups (table 4.4-1).

The sizing of the SRV capacity is discussed in HNP-2-FSAR, supplement 5A.

The SRV performance requirements were updated in references 2, 3, and 4. The analysis
indicated that a design relief valve capacity of 71% rated flow is capable of maintaining
adequate margin below ASME Code allowable pressure in the nuclear system (1375 psig). The
sequence of events assumed in this analysis was investigated only to meet code requirements
and to evaluate the pressure relief system.

Closure of all MSIVs with a flux scram is the most limiting event associated with the
overpressure protection requirements. (See HNP-2-FSAR paragraph 5.2.2.3.)

The automatic depressurization capability of the pressure relief system is evaluated in chapter 6
and in section 7.4.

The LLS function of the pressure relief system is discussed in section 4.11.

The relief valve discharge piping is designed, installed, and tested as outlined in appendix A.

4.4.7 INSPECTION AND TESTING

The SRVs are tested in accordance with the manufacturer's quality control procedures to detect
defects and to prove operability prior to installation. The following final tests are witnessed on
an audit basis by a representative of the purchaser:

. Hydrostatic test at ANSI specified conditions.

. Pneumatic seat leakage test at 90% of set pressure with maximum permitted
leakage.

. Set pressure test: The valve is pressurized with saturated steam, or other
appropriate test medium, with the pressure rising to the valve set pressure.

. Response time test: Each relief valve is tested to demonstrate acceptable
response time.

The relief valves are installed as received from the factory. The setpoints are adjusted, verified,

and indicated on the valves by the vendor. Proper manual and automatic actuation of the relief
valves is verified during the preoperational test program.
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It is recognized that it is not feasible to test the relief valve setpoints while the valves are in
place or during normal plant operation. The valves are mounted on 6-in. diameter, 1500-Ib
primary service rating flanges so that they can be removed for maintenance or bench checks
and reinstalled during normal plant shutdowns. The external surface and seating surface of all
relief valves are 100% visually inspected when the valves are removed for maintenance or
bench checks.

The SRV pressure switches are tested and calibrated in accordance with the HNP-1 Technical
Specifications.
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TABLE 4.4-1

NUCLEAR SYSTEM SRVs AND ELECTRICAL BACKUP SET
PRESSURES AND CAPACITIES

Mechanical Approximate
Set Set Capacity at
No. of Pressure Pressure Set Pressure
SRVs (psig) (psig)® (each) (Ib/h)
4 1150 1120 839,200
4 1150 1130 839,200
3 1150 1140 839,200

TOTAL 11(7)@

a. The number in parentheses indicates the number of SRVs which serve in the automatic depressurization

capacity.
b. This column reflects nominal SRVs set pressure for nonsafety electrical backup to mechanical relief valves.

REV 19 7/01



l r TOP OF SHIELD WALL

T
| |

' /- 10" HPCI

f INS LUG

RELIEF VALVE {FO13) || REQUIRED
!
|

8" (NOM)

i

N //

.‘\P" -
| ACAD | 1040401 | REV 19 7/01
LOCATIONS OF SAFETY RELIEF VALVES -
4 SOUTHERN NUCLEAR OPERATING COMPANY SIDE VIEW
5°“"§§,'\‘ﬂ'l‘,:m EDWIN I. HATCH NUCLEAR PLANT
Energyiosersevourworiae  UNIT 1
FIGURE 4.4-1




AQ

AQ

F022C

F0220|

AQ ]
022A |Fo22s

RADIUS OF DRYWELL AT

4 1110 in. ABOVE RPV INVERT

SAFETY-RELIEF VALVE
(O

PLAN VIEW
PRIMARY STEAM PIPING
M m, ol (NOM)

REV 19 7/01

SOUTHERN A
COMPANY

Energy to Serve Your World®

SOUTHERN NUCLEAR OPERATING COMPANY
EDWIN I. HATCH NUCLEAR PLANT
UNIT 1

LOCATIONS OF SAFETY RELIEF VALVES —
TOP VIEW

FIGURE 4.4-2




AIR INLET ==
| &)
NN
SN 0 :
O N O SET PRESSURE
O 4 @) ADJUSTMENT
O . SPRING
O ¥ C
) O @)
O

70 4—{-—--—-—-—--_‘, 7
OISCHARGE |7 "> — \ PILOT VALVE
LINE \ (
00000C% —tp
AN
N AN
00000
INLET PRESSURE
/‘\
N
MAIN VALVE Vs N\
e I (R e——
AV SN
REV 19 7/01
4 SOUTHERN NUCLEAR OPERATING COMPANY NEXT TWO-STAGE TOPWORKS
SOUTHERN LS EDWIN I. HATCH NUCLEAR PLANT
Energy to Serve Your World® UNIT 1
FIGURE 4.4-3




HNP-1-FSAR-4

4.5 MAIN STEAM LINE FLOW RESTRICTOR

4.5.1 SAFETY OBJECTIVE

To protect the fuel barrier, the main steam line flow restrictors limit the loss of coolant from the
reactor vessel before main steam isolation valve (MSIV) closure, and in case a main steam line
should rupture outside the primary containment. The current safety analysis report" and
reactor operating pressure increase (ROPI) project report” demonstrate that HNP-1 main
steam line flow restrictors can safely operate at a power level of 2804 MWt and 1060 psia.

4.5.2 SAFETY DESIGN BASES

A. The main steam line flow restrictor is designed to limit the loss of coolant from the
reactor vessel following a steam line rupture outside the primary containment to the
extent that the reactor vessel water level does not fall below the top of the core
within the time required to close the MSIVs.

B. The main steam line flow restrictor is designed to withstand the maximum pressure
difference expected across the restrictor following complete severance of a main
steam line.

453 DESCRIPTION

A main steam line flow restrictor (figure 4.5-1) is provided for each of the four main steam lines.
The restrictor is a complete assembly welded into the main steam line between the reactor
vessel and the first MSIV and downstream of the main steam line safety and relief valves. The
restrictor limits the coolant blowdown rate from the reactor vessel in the event a main steam line
break occurs outside the primary containment to the maximum (choke) flow specified. The
restrictor assembly consists of a venturi-type nozzle insert welded into the main steam line in
accordance with applicable code requirements. The restrictor assembly is self-draining. (Low
point pockets are drained internally to the main steam line.) The flow restrictor is designed and
fabricated in accordance with the requirements listed in appendix A.

The flow restrictor has no moving parts, and the mechanical structure of the restrictor is capable
of withstanding the velocities and forces under main steam line break conditions where
maximum differential pressure is conservatively assumed to be equal to 1375 psi, the American
Society of Mechanical Engineers (ASME) code limit.

The ratio of the venturi throat diameter to a steam line diameter is ~ 0.5139. This results in a
pressure differential of 10-psi maximum at rated flow. This design limits the steam flow in a
severed line to about 200% rated flow, yet it results in a negligible increase in steam moisture
content during normal operation. The restrictor is also used to measure steam flow to initiate
closure of the MSIVs when the steam flow exceeds preselected operational limits.
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454  SAFETY EVALUATION

In the event a main steam line breaks outside the primary containment, the steam flowrate is
restricted in the venturi throat by a two-phase mechanism which is similar to the critical flow
phenomenon in gas dynamics. This restriction limits the steam flowrate, thereby reducing the
reactor vessel coolant blowdown, and the increase in fuel cladding temperature subsequent to
the blowdown. This reduces the probability of fuel failure and its consequences.

Analysis of the MSLBA (HNP-2-FSAR chapter 15, Safety Analysis, section 15.3) shows that the
core remains covered with water, and the amount of radioactive material released to the
environs through the MSLBA does not exceed the guideline values of published regulations.

Tests were conducted on a scale model to determine final design and performance
characteristics of the flow restrictor, including the maximum flowrate of the restrictor
corresponding to the accident conditions, the irreversible losses under normal plant operating
conditions, and the discharge moisture level. The tests showed that the flow restrictor operation
at critical throat velocities is stable and predictable. Unrecovered differential pressure across a
scale model restrictor is consistently around 10% of the total nozzle pressure differentials, and
the restrictor performance is in agreement with existing ASME correlation. Full-size restrictors
have a hydraulic shape that is slightly different and a differential pressure loss of ~ 15%.

4.5.5 INSPECTION AND TESTING
Because the flow restrictor forms a permanent part of the main steam line piping and has no

moving components, no testing program is planned. Only very slow erosion will occur with time,
and such a slight enlargement will have no safety significance.
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4.6 MAIN STEAM ISOLATION VALVES

The current safety analysis report!” and reactor operating pressure increase (ROPI) project
report® demonstrate that HNP-1 main steam isolation valves can safely operate at a power
level of 2804 MWt and 1060 psia.

4.6.1

SAFETY OBJECTIVES

Two isolation valves (one on each side of the primary containment barrier) in each of the main
steam lines close automatically to:

4.6.2

Prevent damage to the fuel barrier by limiting the loss of reactor cooling water in
the case of a major leak from steam piping outside the primary containment.

Limit release of radioactive material to the plant environs by closing the nuclear
system process barrier in the case of gross release of radioactive material from the
reactor fuel to the reactor cooling water and steam.

Limit release of radioactive material to the plant environs by closing the primary
containment barrier in the case of a major leak from the nuclear system inside the
primary containment.

SAFETY DESIGN BASES

The main steam isolation valves (MSIVs), individually or collectively:

Close the pipelines within the time established by design basis accident (DBA)
analysis to limit the release of reactor coolant or radioactive material.

Close the pipeline when required despite single failure in either valve or in the
attached controls which provide a high level of reliability for the safety function.

Use separate energy sources as the motive force to close independently the
redundant isolation valves in the individual steam line.

Use local stored energy (compressed air and springs) to close the isolation valves
in each steam pipeline without relying on the continuity of any variety of electrical
power to furnish the motive force to achieve closure.

Be able to close the pipelines, either during or after seismic loadings, to assure
isolation if the nuclear system is breached.

Have the capability for testing during normal operating conditions to demonstrate
that the valves will function.
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4.6.3 DESCRIPTION

Two MSIVs are welded in a horizontal run of each of the four main steam pipes, with one valve
as close as possible to the primary containment barrier and inside it, and the other just outside
the barrier. When they are closed, the valves form part of the nuclear system process barrier
for openings outside the primary containment, and part of the primary containment barrier for
nuclear system breaks inside the containment.

The description and testing of the controls for the MSIVs are included in section 7.3, Primary
Containment and Reactor Vessel Isolation Control System. The circuitry provided to permit
slow closure testing on the MSIVs is depicted on drawing no. S-15247. During slow closure
testing, the normal fast closure circuitry remains energized and is not affected by the slow
closing circuitry. Testing of a representative MSIV is described in the document "Design and
Performance of General Electric Boiling Water Reactor Main Steam Isolation Valves,"
Appendix 5750 (March 1969).

Figure 4.6-1 depicts a MSIV. Each valve is a "Y" pattern, 24-in. globe valve connected to a
matching 24-in. pipe. The normal steam flowrate through each valve is 2.91 x 10° Ib/h. The |
main disc or poppet is attached to the lower end of the stem and moves in guides at a 45° angle
from the inlet pipe. Normal steam flow tends to close the valve, and the higher inlet pressure
increases the closing force. The bottom end of the valve stem closes a small pressure
balancing hole in the poppet. When the hole is open, it acts as a pilot valve to relieve the
differential pressure forces on the poppet. Valve stem travel is sufficient to give a flow area past
the wide open poppet approximately equal to the seat port area. The poppet travels ~ 90% of
the valve stem travel, and the last 10% of travel closes the pilot hole. A helical spring between
the stem and the poppet keeps the pilot hole open when the poppet is off its seat, but failure of
the spring will not prevent closure of the valve. The air cylinder can open the poppet with a
maximum differential pressure of 200 psi across the MSIV in a direction which tends to hold the
valve closed.

The diameter of the poppet seat is approximately the same size as the inside diameter of the
pipe, and the 45-degree angle permits the inlet and outlet passage to be streamlined. This
design minimizes pressure drop during normal steam flow and helps prevent debris blockage.
The pressure drop at rated flow is ~ 6 psi. The valve stem penetrates the valve bonnet through
a stuffing box which has two sets of replaceable chevron packing with a lantern ring and leakoff
drain between the two sets. To prevent leakage through the stem packing, the valve back seats
in the fully open position. The bonnet and body flange are prepared for seal welding and can be
welded together in case leaks develop after extensive service.

The upper end of the stem is attached to an air cylinder and a hydraulic dashpot. The air
cylinder is to open and close the valve, and the hydraulic dashpot is used to control speed. A
valve in the hydraulic return line bypassing the dashpot adjusts speed, and the valve closing
time is adjustable between 3 and 10 s.

The hydraulic dashpot is a closed system charged with a fluid which is forced through a

restricting orifice to provide resistance to motion of the valve stem. The principle of operation is
similar to an automotive shock absorber.
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Materials of construction are steel (cylinder tube, rod, and piston) and "Viton" seals. The fluid is
GE Silicon, type SF 1147.

The dashpot assembly is designed, manufactured, assembled, inspected, and tested as
safety-related parts or purchased as a commercial grade component and dedicated for safety-
related application.

No specific qualification tests were performed on the dashpot assemblies regarding time,
temperature, and radiation. Materials of construction are, by commercial designation, suitable
for the expected operating conditions.

Periodic maintenance and closure time testing of MSIVs (with repair as needed) is intended to
preclude malfunction of the equipment. Throttling orifices are of relatively generous proportions
and not normally subject to plugging.

Loss of hydraulic fluid may cause faster closing of the MSIVs with the effect dependent upon
the amount of fluid lost. If only one of the steam lines is isolated in less than the specified time,
the effect on the steam supply system is not significant.

The air cylinder is supported on large shafts screwed and pinned into the valve bonnet. The
shafts are also used as guides for the helical springs used to close the valve in the event that
the air pressure is not enough to close the MSIV. The springs exert downward force on the
spring seat member which is attached to the stem. Spring guides prevent scoring in normal
operation and prevent binding if a spring breaks. The spring seat member is also closely
guided on the support shafts and rigidly attached to the stem to control any eccentric force in
case a spring breaks.

The motion of the spring seat member actuates switches at fully open, 90% open, and fully
closed valve positions. Starting from the full open position, switches at the 90% open position
turn on the close light, while the open light stays on for valve testing, and initiate reactor scram if
several valves close simultaneously. (See section 7.2, Reactor Protection System.)

The valve is operated by pneumatic pressure and by the action of compressed springs. The
control unit is attached to the air cylinder, and it contains the pneumatic ac and dc control
valves used to open and close the main valve and exercise it at slow speed. Remote manual
switches in the control room enable the operator to operate or close each valve at fast speed
(3 to 10 s) or at the slow speed (45 to 60 s) for exercising or testing purposes.

Operating air is supplied to the valves from the plant air system through a check valve. An air
tank between the control valve and the check valve provides backup operating air.

High-pressure, high-temperature steam will flow through the valves. The valve is designed to
accommodate saturated steam at 1250 psig and 575°F with a rapid flow increase to 200% of
rated flow. Any additional increase is limited by the venturi flow restrictor upstream of the
valves.

During approximately the first 75% of closing, the valve has little effect on flow reduction,
because the flow is choked by the venturi restrictor upstream of the valves. After the valve is
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more than ~ 75% closed, flow is reduced as a function of the valve area versus travel
characteristic.

The design objective for the valve is a minimum of 40-years service at the specified operating
conditions. Aging management programs (HNP-2-FSAR subsections 18.2.1, 18.2.9, 18.2.14,
and 18.4.5) monitor the condition of the MSIVs so that actions are taken to provide reasonable
assurance that these components are capable of performing their intended functions for

40 years and beyond. Operating cycles are estimated to be 100 cycles per year during the first
year and 50 cycles per year thereafter.

Design specification ambient conditions for normal plant operation are 135°F normal
temperature, 150°F maximum temperature, and 100% humidity in a radiation field of 15-R/h
gamma and 25-Rad/h neutron plus gamma continuous for design life. In fact, the inside valves
are not continuously exposed to maximum conditions, particularly during reactor shutdown, and
valves outside the primary containment and shielding are in ambient conditions which are
considerably less severe.

To resist sufficiently the response motion from the design basis earthquake, the MSIV
installations are designed as Seismic Class 1 equipment. The valve assembly is manufactured
to withstand the design basis seismic forces applied at the mass center, assuming the
cylinder/spring operator is cantilevered from the valve body, and the valve is located in a
horizontal run of pipe. The stresses caused by horizontal and vertical seismic forces are
considered to act simultaneously and are combined. The stresses in the actuator supports
caused by seismic loads are combined with the stresses caused by other live and dead loads
including the operating loads. The allowable stress for this combination of loads is based on the
ordinary allowable stress as set forth in the applicable codes. The parts of the MSIVs which
constitute a process fluid pressure boundary are designed, fabricated, inspected, and tested
essentially as described in appendix A.

4.6.4 SAFETY EVALUATION

The safety objectives of the MSIVs are to limit release of radioactive material by closing the
nuclear system process barrier and the primary containment barrier and to limit the loss of
reactor cooling water in case a major steam leak occurs outside the primary containment.

In a direct cycle nuclear power plant, the reactor steam goes to the turbine and to other
equipment outside the reactor containments. Radioactive material in the steam are released to
the environs through process openings in the steam system or they can escape from accidental
openings. A large break in the steam system can void the water from the reactor core faster

than it is replaced by feedwater. The analysis of a complete sudden steam line break outside

the primary containment is provided in HNP-2-FSAR chapter 15, Safety Analysis. It shows that
the fuel barrier is protected against loss of cooling if MSIV closure takes 5.5 s or less (including |
as much as 0.5 s for the instrumentation to initiate valve closure after the break). The

calculated radiological effects of the radioactive material assumed to be released with the steam
are shown to be well within the guideline values for such an accident.
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The shortest closing time (~ 3 s) of the MSIVs is also shown to be satisfactory in HNP-2-FSAR
chapter 15. The switches on the valves initiate reactor scram when several valves are more
than 10% closed. The pressure rise in the system from stored and decay heat may cause the
nuclear system relief valves to open briefly, but the rise in fuel-cladding temperature will be
insignificant. The transient is less than that from sudden closure of the turbine stop valves

(in ~ 0.1 s) coincident with postulated failure of the turbine bypass valves to open. No fuel
damage results.

The ability of this 45-degree, Y-design globe valve to close in a few seconds after a steam line
break, under conditions of high-pressure differentials and fluid flows and with fluid mixtures
ranging from mostly steam to mostly water, has been demonstrated in a series of tests in
dynamic test facilities. Dynamic tests with a 1-in. valve show that the analytical method is valid.
A full-size, 20-in. valve was tested in a range of steam/water blowdown conditions simulating
postulated accident conditions. (See reference 4.)

The following specified hydrostatic, leakage, and stroking tests, as a minimum, are performed
by the valve manufacturer in shop tests:

A. To verify its capability to close between 3 and 10 s, each valve is tested at rated
pressure (1000 psig) and no flow. The valve is stroked several times, and the
closing time is recorded. The valve is closed by spring only and by the
combination of air cylinder and springs.

B. Leakage is measured with the valve seated and back seated. Seat leakage is
measured by pressurizing the upstream side of the valve. The specified maximum
seat leakage, using cold water at design pressure is 2 cc /h/in. of nominal valve
size. In addition, an air seat leakage test is conducted using 50-psi pressure
upstream. Maximum permissible leakage is 1/10 sf*/h/in. of nominal valve size.
There must be no visible leakage from either set of stem packings at design
pressure. The valve stem is operated a minimum of three times from the closed
position to the open position, after which there must be no visible packing leakage.

C. Each valve is hydrostatically tested in accordance with the requirements of the
American Society of Mechanical Engineers Nuclear Pump and Valve Code. During
valve fabrication, nondestructive tests and examinations are extensive. These
tests include radiographics, and liquid penetrant or magnetic particle examinations
of casting, forgings, welds, hardfacings, and bolts.

D. The spring guides, the guiding of the spring seat member on the support shafts,
and the rigid attachment of the seat member assures proper alignment of the
actuating components. Binding of the valve poppet in the internal guides is
prevented by making the poppet in the form of a cylinder longer than its diameter
and by applying steam force near the bottom of the poppet. Clearance between
the poppet and its guides is such that some cocking of the poppet or warpage of
the seat can be tolerated and a seal still achieved.

After the valves are installed in the nuclear system, each valve is tested several times in
accordance with the preoperational and startup test procedures.
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Two MSIVs provide redundancy in each steam line so either can perform the isolation function,
and either can be tested for leakage after the other is closed. The inside valve and the outside
valve, and their respective control systems, are separated physically. Considering the
redundancy, the mechanical strength, closing forces, and leakage tests discussed above, the
MSIVs limit the release of reactor coolant or radioactive material within the margins evaluated in
HNP-2-FSAR section 15.2.

The MSIVs and their installation are designed as Seismic Class 1 equipment.

The design of the MSIV was analyzed for earthquake loading. These loads are small compared
with the pressure and operating loads which the valve components are designed to withstand.
The cantilevered support of the air cylinder, hydraulic cylinder, springs, and controls is the key
area. The increase in loading caused by the specified earthquake loading is negligible at the
joints between the support shafts and the valve bonnet.

Electrical equipment that is associated with the MSIVs and that operates in an accident
environment is limited to the wiring, solenoid valves, and position switches on the MSIVs. The
design and purchase specifications for the environment are severe (subsection 4.6.3); i.e.,
135°F normal and 150°F maximum ambient temperatures, 100% humidity, 40-year design life at
operating conditions, 2050 operating cycles, and 15-R/h gamma and 25-Rad/h combined
gamma and neutron radiation during nuclear system operation. These specifications were
reviewed and determined to be acceptable and bounding for the renewed license term.

Under the accident conditions, ambient pressure increases to ~ 50 psig, and each valve is
required to operate following 20-s exposure to this condition. The valve closing, completed in
3 to 10 s after the DBA occurs well before higher pressure or temperature might impair the
ability of the valves to close.

The requirements of the purchase specifications; review and approval of the equipment design
and vendor drawings; extensive control of materials, fabrication procedures, fabrication tests,
nondestructive examinations, shop tests, preoperational and startup tests of the installed
valves; and prescribed periodic inspections and tests during the plant life ensure operation of
the valves under normal operating conditions and in the postulated accident environments.

4.6.5 INSPECTION AND TESTING

The MSIVs may be tested during plant operation, and tested and inspected during refueling
outages. The test operations are listed below:

A. The MSIVs may be tested and exercised individually to the 90% open position
without reducing reactor power, because the valves still pass rated steam flow
when they are 90% open.

B. The MSIVs may be tested and exercised individually to the fully closed position by
reducing reactor power to 75% full power.
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C. Standard leakage tests are performed in accordance with the plant Technical
Specifications.

4.6-7 REV 22 9/04



HNP-1-FSAR-4

REFERENCES

1.  “Safety Analysis Report for Edwin I. Hatch Units 1 and 2 Thermal Power Optimization,”
NEDC-33085P, GE Nuclear Energy, December 2002.

2. “10-PSI Dome Pressure Increase Project Report for Edwin I. Hatch Units 1 and 2,” GE-
NE-0000-0003-0634-01, Revision 1, GE Nuclear Energy, July 2003.

4.6-8 REV 22 9/04




L
—=Hbubo

T
™
—
o
>
—~
w
o
=2
=
/(m

LANTERN RING ﬂ -

AIR CYLINDER

HYDRAULIC
DASH PQOT

SPRING GUIDE
FLOW CONTROL VALVE

ACTUATOR SUPPORT AND
SPRING GUIDE SHAFT

™\ SPRING SEAT MEMBER

~ STEM
/

A STEM PACKING

O\ LEAK OFF CONNECTION
BONNET BOLTS

CLEARANCE

J

BONNET

.
PILOT SPRING « — “ U“

| ACAD|1040601]

FLOW

\ BopY
POPPET (PLUG, MAIN DISK)

MAIN VALVE SEAT

" PILOT SEAT
PILOT

REV 19 7/01

‘ SOUTHERN NUCLEAR OPERATING COMPANY

SOUTHERN &a
COMPANY ER\#HN . HATCH NUCLEAR PLANT

Energy to Serve Your World®

MAIN STEAM LINE
ISOLATION VALVE

FIGURE 4.6-1




HNP-1-FSAR-4

4.7 REACTOR CORE ISOLATION COOLING SYSTEM

4.7.1 SAFETY OBJECTIVE

The reactor core isolation cooling (RCIC) system provides core cooling during reactor shutdown
by pumping makeup water into the reactor pressure vessel (RPV) in case of a loss of flow from
the main feed system and is activated in time to preclude conditions which lead to inadequate
core cooling. The current safety analysis report!” and reactor operating pressure increase
(ROPI) project report® demonstrate that the HNP-1 RCIC system can safely operate at a power
level of 2804 MWt and 1060 psia.

4.7.2 SAFETY DESIGN BASES

A. The RCIC system is capable of maintaining sufficient coolant in the reactor vessel
in case of a loss of main feedwater flow.

B. Provisions are made for automatic and remote manual operation of the RCIC
system.

C. Components of the RCIC system are designed to satisfy Seismic Class 1 design
requirements.

D. To provide a high degree of assurance that the RCIC system will operate when
necessary, the power supply for the RCIC system comes from immediately
available and highly reliable energy sources.

E. To provide a high degree of assurance that the system will operate when
necessary, a provision is made so that periodic testing can be performed during
unit operation.

4.7.3 DESCRIPTION

The RCIC system consists of a steam-driven turbine pump unit and associated valves and
piping capable of delivering makeup water to the reactor vessel. Table 4.7-1 summarizes the
design data of the turbine pump unit. Schematic diagrams are included on drawing

nos. H-16334 and H-16335.

The steam supply to the turbine comes from the reactor vessel. The steam exhaust from the
turbine dumps to the suppression pool. The pump can take suction from the demineralized
water in the condensate storage tank (CST) or from the suppression pool. The pump
discharges either to the feedwater line or to a full-flow return test line running to the CST. A
minimum flow bypass line to the suppression pool provides pump protection. The makeup
water is delivered into the reactor vessel through a connection to the feedwater Iine,‘a) and it is
distributed within the reactor vessel through the feedwater sparger.

a. The RCIC system discharges into a different feedwater line than the HPCI system.
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Cooling water for the RCIC system turbine lube oil cooler and gland-seal condenser is supplied
from the pump discharge.

Following any reactor shutdown, steam generation continues due to heat produced by the
radioactive decay of fission products. Initially, the rate of steam generation can be as high

as ~ 6% of rated flow and is augmented during the first few seconds by delayed neutrons and
by some of the residual energy stored in the fuel. The steam normally flows to the main
condenser through the turbine bypass or, if the condenser is isolated, through the relief valves
to the suppression pool. The fluid removed from the reactor vessel can be furnished entirely by
the feedwater pumps or partially by the control rod drive (CRD) system which is supplied by the
CRD feed pumps. If makeup water is required to supplement these sources of water, the RCIC
system turbine pump unit starts automatically upon receipt of a RPV water level 2 signal
(drawing no. H-19956) or is started by the operator from the control room by remote manual
controls. A signal at level 2 also energizes the high-pressure coolant injection (HPCI) system
(chapter 6, Emergency Core Cooling System). The RCIC system delivers its design flow within
45 s after actuation. To limit the amount of fluid leaving the reactor vessel, an RPV low water
level 1 signal actuates closure of the main steam isolation valves. The RPV water level
instrumentation is part of the analog transmitter trip system which is discussed in section 7.18.

For anticipated operational occurrences, the RCIC system has a makeup capacity sufficient to
prevent the reactor vessel water level from decreasing to the level where the core is uncovered
without the use of the emergency core cooling system (HNP-2-FSAR chapter 15, Safety
Analysis). Three pump suction valves are provided in the RCIC system; one valve allows pump
suction from the CST while the other two allow water to be taken from the suppression
chamber. The CST is the preferred source. All three valves are operated by dc motors.

Upon receipt of a RCIC system initiation signal, the RCIC pump takes suction from the CST. If
the water level in the CST falls below a preselected level, the suppression chamber suction
valves automatically open, and the CST suction valve automatically closes. Two level switches
are used to detect the CST low water level condition. Either switch can cause the suppression
chamber suction valves to open and the CST suction valve to close. The suppression chamber
suction valves also open automatically if a high water level is detected in the chamber. Two
level switches monitor the water level, and either switch can initiate opening of the suppression
chamber suction valves.

Two dc motor-operated RCIC pump discharge valves in the pump discharge pipeline are
provided (drawing nos. H-16334 and H-16335). Both valves are arranged to open upon receipt
of either one of the RCIC system initiation signals. One of the pump discharge valves closes
automatically upon receipt of a turbine trip signal; the other valve remains open after RCIC
system initiation until closed by the operator in the main control room.

To assure net positive suction head (NPSH) to the pump, the turbine pump assembly is located
below the level of the CST and below the minimum water level in the suppression pool. Pump
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NPSH requirements are satisfied by providing adequate suction head and adequate suction line
size. System performance under various operating conditions is shown on drawing

no. S-15066. All components necessary to initiate operation of the RCIC system are completely
independent of auxiliary ac power, plant service air, and external cooling water systems; they
require only dc power from a plant battery to operate the valves, the vacuum pump, and the
condensate pumps. The power source for the turbine pump unit is the steam generated in the
reactor pressure vessel by decay heat in the core. The steam is piped directly to the turbine,
and the turbine exhaust is piped to the suppression pool.

If for any reason the reactor vessel is isolated from the main condenser, pressure in the reactor
vessel increases; however, it is limited by automatic or remote manual actuation of the relief
valves. Relief valve discharge is piped to the suppression pool. Throughout the period of RCIC
system operation, the exhaust from the RCIC system turbine and relief valve discharge, being
condensed in the suppression pool, results in a temperature rise in the pool. During this period,
residual heat removal (RHR) heat exchangers are used to maintain pool water temperature
within acceptable limits.

To assure that personnel access areas are not restricted during RCIC system operation, the
RCIC system turbine pump unit is located in a shielded area. Steam supply valve 1E51-F045
and the turbine controls (drawing nos. H-19955 through H-19962) provide for automatic
shutdown of the RCIC system turbine upon receipt of the following signals:

. Reactor vessel water level 8 to indicate that core cooling requirements are
satisfied.

. Turbine overspeed to prevent damage to the turbine and turbine casing.
J RCIC isolation signal from logic A or B.

. Pump low-suction pressure to prevent damage to the turbine pump unit due to loss
of cooling water.

. Turbine high-exhaust pressure to indicate turbine or turbine control malfunction.
. Manual trip.

If an RPV water level 2 initiation signal is received after the turbine is shut down due to an RPV
water level 8 signal, the system is capable of automatic restart.

Since the steam supply line in the RCIC system turbine is a primary containment boundary,
certain signals automatically isolate this line and cause shutdown of the RCIC system turbine.
Automatic shutdown of the steam supply (drawing nos. H-19959 and H-19960) is described in
section 7.3, Primary Containment and Reactor Vessel Isolation Control System. Operating logic
for all other valves is shown on drawing nos. H-19955 through H-19962.

The turbine control system is positioned by the demand signal from a flow controller, and it
satisfies a twofold purpose:
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. To limit the turbine pump speed to its maximum normal operating value.

. To position the turbine governor valve as required to maintain constant pump
discharge flow over the pressure range of system operation.

The functional control logics involved with the RCIC turbine start sequence are given on drawing
no. H-19956. The RCIC initiation signal actuates motor-operated steam supply valve 1E51-
FO045. In order to reduce the rapid transient on the RCIC turbine, the steam supply valve is
equipped with a special contour plug designed to limit steam flow into the turbine during the
initial 45% of valve opening. This reduces the possibility of turbine overspeed occurring during
the start sequence and is within the 45-s delay assumed in the safety analysis.

The RCIC system piping and equipment are designed in accordance with appendix A.

RCIC system operation during a station blackout event is discussed in HNP-2-FSAR
section 8.4.

474  SAFETY EVALUATION

To provide a high degree of assurance that the RCIC system will operate when necessary and
in time to provide adequate core cooling, the power supply for the system is taken from energy
sources of high reliability and immediate availability. There are no transients in which the RCIC
system must act in conjunction with the HPCI system in order to limit plant parameters to
acceptable levels. The capability of testing during plant operation gives added assurance.
Evaluation of instrumentation reliability for the RCIC system shows that a failure of a single
initiating sensor will neither prevent the system from starting nor inadvertently start the system.
Furthermore, there is no safety significance arising from an RCIC valve interlock failure on the
RCIC test line.

The RCIC system in the standby mode is arranged with the pump suction source from the CST.
The test return line is closed by the RCIC valve 1E51-F022 and HPCI valve 1E41-F011, and the
suppression pool suction is closed by the redundant valves 1E51-F029 and 1E51-F031. Also,
there is no automatic logic to open the RCIC test return line.

A. Toinadvertently pump suppression pool water into the CST by the RCIC system,
the following events must occur:

o Manually open suppression pool suction valves 1E51-F029 and 1E51-F031
and test return valves 1E51-F022 and 1E41-F011.

o Manually start the RCIC turbine.

o Fail the redundant logic from the suppression pool suction valves 1E51-F029
and 1E51-F031 to common test return valve 1E51-F022.
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With the assumption that the test return valve 1E51-F022 fails to close, it should be
adequate and safe to rely on procedural control to prevent the simultaneous
occurrence of the other five events.

B. During RCIC system operation, the only time the suppression pool suction source
is manually selected is in the improbable event that condensate storage source
was lost. In this situation, suppression pool water would be injected into the
reactor vessel, and generated steam would be returned to the suppression pool by
either the relief valves or the RCIC turbine exhaust. There would be no net change
in inventory between the reactor vessel and the suppression pool. Note that with
RCIC system initiation, an auto close signal is sent to the normally closed test
return valve 1E51-F022. Simultaneously and occurring at the same RPV level, an
independent auto close signal is sent to the redundant test return valve 1E41-F011
by the HPCI system initiation. Therefore, there is no single failure which would
allow suppression pool water to be pumped to the CST.

C. The potential of feedwater pressure on the RCIC system test line to the CST is
independent of the RCIC pump suction source. For this reason, the RCIC system
test line is a high-pressure line which ties into the HPCI system test line upstream
of the HPCI valve 1E41-F011. The HPCI system test line, out to and including
valve 1E41-F011, is also a high-pressure line. Both HPCI and RCIC system test
lines, out to and including 1E41-F011, are capable of withstanding full feedwater
pressure. There are no valves in the low-pressure piping downstream of
1E41-F011, and there is no way that feedwater pressure can overpressurize the
RCIC system test return piping to the CST.

D. Detailed design modifications of the start bypass line are documented in General
Electric Licensing Topical Report NEDO-22217A.

The design of the RCIC system is in accordance with appendix A.

4.7.5 INSPECTION AND TESTING

A design flow functional test of the RCIC system is performed during plant operation by taking
suction from the demineralized water in the CST and discharging through the full-flow test return
line back to the CST. During the test, the discharge valve to the feedline remains closed and
reactor operation is undisturbed. Control system design provides automatic return from the test
mode to the operating mode if system initiation is required during testing. Inspection and
maintenance of the turbine pump unit are conducted in accordance with manufacturer's
instructions. Valve position indicators and instrumentation alarms are displayed in the control
room.
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TABLE 4.7-1

RCIC SYSTEM TURBINE AND PUMP DESIGN DATA®

Pump

Number required - 1
Capacity - 100%

Developed Head

2880 ft at 1170-psia reactor pressure
525 ft at 165-psia reactor pressure

Flowrate

Injection flow - 400 gal/min

Cooling water flow - 16 gal/min
Total pump discharge - 416 gal/min
NPSH - 20 ft (minimum)

Turbine

Number required - 1

Capacity - 100%

Low-steam pressure cutoff - 50 psig

~ 500 high pressure at 1170-psia reactor pressure
Exhaust pressure - 15-25 psi

a. For piping and equipment design temperature and pressure, see the pressure temperature index on drawing no.

H-16334.
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4.8 RESIDUAL HEAT REMOVAL SYSTEM

4.8.1 POWER GENERATION OBJECTIVE

The residual heat removal (RHR) system provides the means to meet the following power
generation objectives:

. Remove decay and residual heat from the nuclear system so that refueling and
nuclear system servicing can be performed.

° Supplement the spent-fuel pool cooling and cleanup system capacity when
necessary to provide additional cooling capacity.

The current safety analysis report!” and reactor operating pressure increase (ROPI) project
report® demonstrate that the HNP-1 RHR system can safely operate at a power level of 2804
MWt and 1060 psia.

4.8.2 POWER GENERATION DESIGN BASIS

The RHR system is designed with enough heat removal capacity so that the reactor can be
cooled to a temperature at which refueling can commence in a reasonably short time after
cooldown has commenced.

48.3 SAFETY OBJECTIVE

The objective of the RHR system is to restore and maintain the coolant inventory in the reactor
vessel so that the core is adequately cooled after a loss-of-coolant accident (LOCA). The RHR
system also provides containment cooling so that condensation of the steam resulting from the
blowdown due to the design basis LOCA is ensured.

484  SAFETY DESIGN BASES

A. The RHR system [low-pressure coolant injection (LPCI) mode] acts automatically,
in combination with the other emergency core cooling system (ECCS) subsystems,
to restore and maintain the coolant inventory in the reactor vessel such that the
core is adequately cooled to preclude fuel-cladding temperature in excess of
2200°F following a design basis LOCA.

B. The RHR system, in conjunction with the other ECCS subsystems, has such

diversity and redundancy that only a highly improbable combination of events could
result in their inability to provide adequate core cooling.
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C. A source of water for restoration of reactor vessel coolant inventory is located
within the primary containment in such a manner that a closed cooling water path
is established.

D. To provide a high degree of assurance that the RHR system operates satisfactorily
during a LOCA, each active component is capable of being tested.

E. The functional components of the RHR system are designed to satisfy Class 1
seismic requirements.

F.  Provision is made so that residual heat removal service water (RHRSW) can be
pumped directly into the RHR system.

485 SUMMARY DESCRIPTION

The RHR system is designed for six modes of operation to satisfy all the objectives and bases.
The modes are summarized in table 4.8-1.

The major equipment of the RHR system consists of two heat exchangers and four main system
pumps. Table 4.8-2 summarizes the design data of the RHR system. The RHRSW system
(section 10.6) provides cooling water to the RHR exchangers. A process diagram of the RHR
system is shown on drawing no. S-15305. Process data, showing the six modes of RHR
operation, are tabulated on drawing no. S-15304. A description of the controls and
instrumentation is presented in section 7.4. A description of the RHR system equipment (LPCI
mode) operating in conjunction with other ECCS equipment to protect the core during a LOCA is
presented in chapter 6.

There are four lines in the RHR system where overpressure protection is provided by isolation
valves. The suction line to the RHR pumps is isolated from the reactor by two

20 in.-motor-operated valves. These valves are operated by independent control systems
which automatically close the valves on a reactor pressure in excess of the pressure allowed for
shutdown cooling. Furthermore, the pressure interlocks automatically close these valves and
prevent them from being opened initially when the reactor pressure is in excess of that allowed
for the shutdown cooling mode.

The lowest design pressure of the protected suction piping and valves is 220 psig. The pump
discharge piping (design pressure of 375 psig) and the RHR heat exchanger (design pressure
of 450 psig) are also protected from overpressurization during shutdown cooling operation by
these reactor pressure interlocks on the suction valves. Each of the two pump discharge-to-
recirculation loop lines has one check valve (24-in. for loop A and 18-in. for loop B) and one
24-in. motor-operated valve. Positioning of the motor-operated valve is indicated in the control
room. The motor-operated valve is normally closed during reactor operation and cannot be
opened (pressure switch interlock) against excessive pressure. The lowest design pressure of
the protected discharge piping and valves is 375 psig.

Since each of the lines in the RHR system has two isolation valves in series with independent
control, a single operator error or equipment malfunction can prevent one but not both of the
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valves from providing the overpressure protection. Since the failure of one valve to provide
overpressure protection does not preclude protection by the other valve, the pressure interlock
on one valve need not meet the single-failure criteria. Small relief valves are provided in each
line to handle closed valve leakage. If the isolation valves fail to provide overpressure
protection and overpressurization occurred, splitting of pipe sections near welds might be
expected.

The RHR pumps are sized on the basis of the required flow during the LPCI mode of operation.
The RHRSW pressure at the tube side outlet of the RHR heat exchangers is greater than the
reactor coolant water pressure at the shell side during shutdown cooling and containment
cooling modes of operation. This criterion ensures reactor coolant radioactivity is not released
to the RHRSW in case of a leak in the heat exchanger tubes. The heat exchangers are sized
on the basis of the required heat load during the shutdown cooling mode. A summary of the
design requirements of RHR pumps and the RHR heat exchangers is presented in detail on
drawing nos. S-15304 and S-15305.

Provision is made in the shutdown cooling piping circuit for making connection to the spent-fuel
pool cooling system (drawing no. S-15305) so that the RHR heat exchangers may be used to
assist spent-fuel pool cooling when a potential LPCI requirement does not exist (HNP-2-FSAR
subsection 9.1.3).

One loop consisting of one heat exchanger, two RHR pumps in parallel, and associated piping
is physically separated and protected from the second loop to minimize the possibility of a
single physical event causing the loss of the entire system. The design, fabrication, and
inspection requirements are stated in appendix A.

The RHR system equipment piping and support structures are designed to Class 1 seismic
criteria.

4.8.6 LPCI MODE

The LPCI mode is an integral part of the RHR system. It operates to restore and maintain the
coolant inventory i