
NUREG-75/087

i '^ U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.1 ELECTRIC POWER - INTRODUCTION

REVIEW RESPONSIBILITIES

Primary - Pnwer Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Containment Systems Branch (CSB)
Instrumentation and Control Systems Branch (ICSB)
Reactor Systems Branch (RSB)

1. AREAS OF REVIEW

The PSB reviews the applicant's description of the offsite power grid and system with

regard to the interrelationships between the nuclear unit, the utility grid and the

interconnecting grids. PSB also reviews the identification of all safety-related

electrical loads.

The review includes evaluation of the proposed technical specifications (SAR Chapter 16)

to assure their adequacy with regard to limiting safety system settings, limiting

conditions for operation, and periodic surveillance testing.

The secondary review branches (ASB, CSB. ICSB and RSB) review the listing of safety

loads for completeness, i.e., to verify that all safety loads within their respective

areas of primary review responsibility have been identified. If loads other than those

identified are deemed to be safety-related, this information is transmitt.J to PSB.

11. ACCEPTANCE CRITERIA

The description of the power grid and offsite power system is acceptable when it can be

concluded that the terrelationships between the nuclear unit, the utility grid, and

the interconnecting grids are ctearly defined. The identification of safety loads is

acceptable when it can be concluded that all systems and devices that require electric

power (a-c or d-c) to perform safety functions are identified.

Table 8-1, Acceptance Criteria for Electric Power," lists the criteria currently

applied by the staff to safety-related electric power systems. Implementation of these

criteria will provide assurance that safety-related electric power systems will perform

design safety functions as required. The applicant's list of design criteria for

safety-related electric power systems is acceptable if it includes the items in

Table 8-l, and Vr the SAR contains a statement to the effect that these criteria will
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be Implemented (at the construction permit stage) or are implemented (at the operating

license stage) in the design of the electrical power systems.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

The fundamental bases for acceptance of the proposed technical speIcficAtiOns are that

the limiting conditions for operation (LCOs) are such that sufficient equipment will be

available for operation to meet the single failure criterion; that equipment outages,

permissible for a short period of time, still leave available sufficient equipment to

provide the protective function assuming no failures; and that the provisions of the

technical specifications are compatible with the safety analyses. The operating pro-

cedures and restrictions which should be implemented if the available electric power

sources are less than the LCO are discussed in Regulatory Guide 1.93.

111. REVIEW PROCEDURES

The PSB reviews Section 8.1 of the SAR to assure the following Items are included: a

brief description of the utility grid and its Interconnections to other grids and to

the nuclear unit (referred to as the preferred power system); a brief general descrip-

tion of the onsite power system (referred to as the standby power system); identifica-

tioh of the safety loads (i.e., the systems and devices that require electric power to

perform safety functions); identification of the function performed by each load (e. g.,

emergency core cooling, containment cooling); the type of electric power (a-c or d-c)

required by each load; and the design bases, criteria, standards, regulatory guides,

and technical positions that will be implemented in the design of the safety-related

electric power systems, including a discussion describing the extent to which these

criteria are followed and a positive statement with regard to conformance of the design

to each of these criteria.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such input as required to assure that this review procedure is complete.

The review is performed as follows:

1. PSB will establish that the utility grid is adequately described, and that the

interconnections between the nuclear unit, the utility grid, and other grids are

clearly defined. The descriptions should state whether facilities are existing or

planned; if planned, the respective completion dates should be provided. The

descriptions should not conflict with the more detailed information in subsequent

sections of Chapter 8 of the SAR, and may reference these sections.
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2. PSB confirms that the description of the onsite power system (standby power system)

is not in conflict with the more detailed information on this system in subsequent

sections of Chapter 8, and descriptions may reference these sections.

3. PSB will establish that all the devices and systems that require electric power to

perform safety functions are Identified, and that this identification does not

conflict with the more detailed information provided in other sections of the SAR,

part'cularly in Chapters 7 and 8. The definitions of safety-related systems in

SRP Section 7.1 should be used as an aid in assessing the completeness of the

identification of safety loads. Care should be exercised to assure that those

loads required to maintain the plant within the envelope of operating conditions

postulated in the accident analysis are identified as safety loads. Requests for

evaluation should be made to the secondary review branches when there are novel

designs or significant differences of opinion with regard to designations of

safety loads.

4. The secondary review branches (ASS, CSB, ICSB and RSB) will confirm the identifi-

cation of all safety loads within their respective areas of primary review respon-

sibility. If loads other than those identified are deemed to be safety-related,

this information should be transmitted to PSB.

5. PSB will confirm that the criteria identified as being applicable to the design of

safety-related electric power systems include those listed in Table 8-1. This

will assure that the identification requirements of General Design Criterion

(GOC) 1 of Appendix A to 10 CFR Part 50 are met. GOC 1 also requires that "struc-

tures, systems and components important to safety shall be designed, fabricated,

erected and tested to quality standards commensurate with the importance of the

safety function to be performed." Therefore, the SAR should include a discussion

regarding the applicability of the criteria listed and a statement to the effect

that the criteria will be implemented (CP) or are implemented (OL) in the design

of safety-related electrical power systems.

6. The proposed plant technical specifications (Chapter 16 of the SAR) are reviewed

by PSB and the secondary review branches to:

a. Confirm the suitability of the limiting safety system settings and the

limiting conditions for operation, including the proposed time limits and

reactor operating restrictions for periods when system equipment is inoperable

due to repairs and maintenance.

b. Verify that the frequency and scope ot periodic surveillance testing is

adequate.
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For a construction permit (CP) review, it is only necessary to confirm that the appli-

cant has identified those variables, conditions, or other items wech have been deter-

mined to be probable subjects of the technical specifications (see 10 CFR 50.34(a)(5)).

The applicant's justification for the selection of those items is evaluated, with

special attention to any that may significantly influence the final design. The specific

provisions of the proposed technical specifications are not approved during the CP

review. However, any specific provisions which are known to be unacceptable or which

may influence acceptance of the preliminary design of the plant should be brought to

the applicant's attention and, if appropriate, included in that portion of the staff's

evaluation findings pertaining to the design of the affected systems.

For an operating license (OL) review, the proposed technical specifications are reviewed

and evaluated in depth in accordance with the requirements of 10 CFR 50.36. For the

PSB areas of review, a check is made that the limiting conditions for operation (LCO)

correspond to the surveillance requirements; i.e., for each system or component that is

the subject of an LCO, there must be corresponding surveillance requirements. Each

system or component that performs a function for which credit is taken in the accident

analyses should be the subject of an LCO. The limiting safety system settings should

agree with the values assumed in the accident analyses, including appropriate allow-

ances for instrument error, drift, etc. If the acceptance of the design of a particular

system is based upon required plant conditions or particular operating procedures, such

requirements should be included in the final technical specifications and, if appro-

priate, noted in that portion of the staff's evaluation findings pertaining to the

design of the affected system. Operating procedures and restrictions which should be

implemented if the available electric power sources have less than the LCO are

presented in Regulatory Guide 1.93.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information is presented in the SAR and that his

review supports conclusions of the following type, to be included in the staff's Safety

Evaluation Report:

'The applicant has identified safety-related electric power systems, safety loads,

and applicable power system criteria, and has documented his intent to design and

construct these systems in accordance with the criteria. It is concluded that

design and construction of safety-related electric power systems in accordance

with the criteria provide assurance that these systems will perform as designed."

V. REFERENCES: None
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TABLE 8-1

ACCEPTANCE CRITERIA FOR ELECTRIC POWER

Table 8-1 identifies the acceptance criteria and their applicability for the SRP sections of

Chapter 8. These acceptance criteria include the applicable general design criteria, IEEE

standards, regulatory guides, and branch technical positions (BTPs) used by the Power Systems

Branch (PSB). The table was prepared for use in reviewing Chapter 8 of the SAR and for use by

the secondary review branch reviewers. The BTPs listed In Table 8-1 are contained in

Appendix 8-A to Chapter 8 of the SRP.
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ACCEPTANcE C12tTrD>ik MD re Frrnrt-l Dnurn t^

APP IAILITY (SA Section)
CRITERIA _ TITLE -1 82 __8_3_1 . REMARKS

1. 10 CFR Part 50

a. 10 CFR 150.34 Contents of Applications: Technical Information X X X X

b. 10 CFR S50;36 Technical Specifications X X X X

c. 10 CFR 150.55a Codes and Standards X X X X

2. General Design Criteria (GDC),
Appendix A to 10 CFR Part 50

a. GOC-1 Quality Standards and Records X X X X
n s f r P A

0. UK-Z

0_
C. GDC-3

I

Design Bases for Protection Against Natural
Phenomena

Fire Protection

X X X X
_ . x x
v Y v Y

cr

d. GDC-4 Environmental and Missile Design Bases X X X X

e. GDC-5 Sharing of Structures, Systems, and Components X X X X

f. GDC-13 Instrumentation and Control X X X X

9. GDC-17 Electric Power Systems X X X X

h. GDC-18 Inspection and Testing of Electrical Power
Systems X X X X

i. GDC-21 Protection System Reliability and Testability X X X X

J. GDC-22 Protection System Independence X X
_ _ _X
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TABLE 8-1 (CONTINUED) _____________ (SAR_5ectionl
APPLICABILITY (SA Section)

CRITERIA TITLE 8.1 8.2 8.3.1 8.3.? REMARKS

k. GDC-33 Reactor Coolant Makeup X X I X

1. GDC-34 Residual Heat Removal X X x X

m. GDC-35 Emergency Core Cooling X X X X

n. GDC-38 Containment Heat Removal X X x X

0. GDC-41 - Containment Atmosphere Cleanup X X X X

p. GDC-44 Cooling Water x x x x

3. Institute of Electrical and
Electronics Engineers (IEEE)
Standards:

a. IEEE Std 279 (ANSI N42.7) Criteria for Protection Systems for Nuclear X X X See 10 CFR
Power Generating Stations 550.55a(h)

and Reg.
Guide 1.62

b. IEEE Std 308 Criteria for Class IE Electric Systems for X X X X See Reg.
Nuclear Power Generating Stations Guide 1.32

c. IEEE Std 317 Electric Penetration Assemblies in Containment X X X See Reg.
Structures for Nuclear Power Generating Stations Guide 1.63

d. IEEE Std 323 Standard for Qualifying Class lE Equipment for X X x See Reg.
Nuclear Power Generating Stations Guide 1.89

e. IEEE Std 334 Standard for Type Test of Continuous Duty Class IE X X See Reg.
Motors for Nuclear Power Generating Stations Guide 1.40

f. IEEE Std 336 (ANSI N45.2.4) Installation, Inspection and Testing Requirements x x x x See Reg.
for Instrumentation and Electric Equipment During Guide 1.30
the Construction of Nuclear Power Generating Stations

9. IEEE Std 338 Criteria for the Periodic Testing of Nuclear X X X X See Reg.
Power Generating Station Protection Systems Guide 1.118
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TABLE 8-1 (CONTINUED) -AP-__--_ _____ Section)_ _- _-

CRITERIA TITLE 8.1 8.2 8.3.1 8.3.2 REMARKS

h. IEEE Std 344 (ANSI N41.7) Guide for Seismic Qualification of Class I X X X See Reg.
Electrical Equipment for Nuclear Power Generating Guide 1.100
Stations

i. IEEE Std 379 (ANSI H41.2) Guide for the Application of the Single Failure X X X See Reg.
Criterion to Nuclear Power Generating Station Guide 1.53
Protection Systems

J. IEEE Std 382 Trial-Use Guide for the Type-Test of Class 1 X X See Reg.
Electric Valve Operators for Nuclear Power Guide 1.73
Generating Stations (ANSI N416)

k. IEEE Std 383 Standard for Type Test of Class lE Electric Cable X X X
Field Splices, and Connections for Nuclear Power
Generating Stations

1. IEEE Std 384 (ANSI N41.14) Criteria for Separation of Class lE Equipment X X X See Reg.
and Circuits Guide 1.75

m. IEEE Std 387 (ANSI N41.13) Criteria for Diesel-Generator Units Applied as X X
Standby Power Supplies for Nuclear Power Stations

n. IEEE Std 415 Planning of Pre-Operational Testing Programs X X X
for Class lE Power Systems for Nuclear Power
Generating Stations, IEEE Guide for

o. IEEE Std 420 Trial-Use Guide for Class IE Control Switchboards X X X
for Nuclear Power Generating Stations (ANSI N41.7)

p. IEEE Std 450 Recommended Practice for Maintenance, Testing and X X See Reg.
Replacement of Large Stationary Type Power Plant Guide 1.129
and Substation Lead Storage Batteries

q. IEEE Std 484 Recomnended Practice for Installation Design and X X See Reg.
Installation of Large Lead Storage Batteries for Guide 1.128
Nuclear Power Plants

co



TABLE 8-1 (CONTINUED) APPLICABILITY (SAR Section)

CRITERIA TITLE WT2 REMARKS

4. Regulatory Guides (RG)

a. RG 1.6 Independence Between Redundant Standby (Onsite) Power X x X
Sources and Between Their Distribution Systems

b. RG 1.9 Selection of Diesel Generator Set Capacity for X X
Standby Power Supplies

c. RG 1.29 Seismic Design Classification X X X

d. RG 1.30 Quality Assurance Requirements for the Installation, X X X X
Inspection, and Testing of Instrumentation and
Electric Equipment

e. RG 1.32 Use of IEEE Std 308, 'Criteria for Class IE Electric X X X X
Systems for Nuclear Power Generating Stations'

f. RG 1.40 Qualification Tests for Continuous-Duty Motors X X
Installed Inside the Containment of Water Cooled
Nuclear Power Plants

9. RG 1.41 Preoperational Testing of Redundant Onsite Electric X X X
Power Systems to Verify Proper Load Group Assignments __

h. RG 1.47 Bypassed and Inoperable Status Indication for X X X X
Nuclear Power Plant Safety Systems

i. RG 1.53 Application of the Single-Failure Criterion to X X X
Nuclear Power Plant Protection Systems

J. RG 1.63 Electric Penetration Assemblies in Containment X X * X
Structures for Water-Cooled Nuclear Power Plants

k. RG 1.68 Preoperational and Initial Startup Test Programs X X X
for Water-Cooled Power Reactors
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CRITERIA TITLE APPLICABILITY ISAK e!Cfioi8.1 8.2 8.3.1 8.3.2 REMARKS
1. RG 1.70 Standard Format and Content of Safety Analysis X X X X

Reports for Nuclear Power Plants

m. RG 1.73 Qualification Tests of Electric Valve Operators X X
Installed Inside the Containment of Nuclear Power
Plants

n. RG 1.75 Physical Independence of Electric Systems x X X

o. RG 1.81 Shared Emergency and Shutdown Electric Systems for X X X
Multi-Unit Nuclear Power Plants

p. RG 1.89 Qualification of Class 1E Equipment for Nuclear X X X
Power Plants

q. RG 1.93 Availability of Electric Power Sources X x X X

r. RG 1.100 Seismic Qualification of Electric Equipment for X X X
Nuclear Power Plants

s. RG 1.106 Thermal Overload Protection for Electric Motors X X
on Motor-Operated Valves

t. RG 1.108 Periodic Testing of Diesel Generators Used As Onsite X X
Power Systems at Nuclear Power Plants

u. RG 1.118 Periodic Testing of Electric Power and Protection Systems X X X

v. RG 1.120 Fire Protection Guidelines for Nuclear Power Plants X X X X

w. RG 1.128 Installation Design and Installation of Large Lead X X
Storage Batteries for Nuclear Power Plants

_ I I-in
A.nu 1. IC2 Maintenance, Testing and Replacement of Large Lead

Storage Batteries for Nuclear Power Plants
X x
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_ ___ TABLE 8-1 (CONTINUED)
APP ICABLITY (SAR Section

CRITERIA TITLE l8.1 8.2 8.3.1 8.3.2 REMARKS

S. Branch Technical
Positions (BTP) ICSB

a. BTP ICSB 2 (PSB) Diesel-Generator Reliability Qualification Testing X X

b. BTP ICSB 6 (PSB) Capacity Test Requirements of Station Batteries- X X
Technical Specifications

c. BTP ICSB 8 (PSB) Use of Diesel-Generator Sets for Peaking X X

d. BTP ICSB 11 (PSB) Stability of Offsite Power Systems X X

e. BTP ICSB 15 (PSB) Reactor Coolant Pump Breaker Qualification X

f. BTP ICSB 17 (PSB) Diesel Generator Protective Trip Circuit Bypasses X X

9. BTP ICSB 18 (PSB) Application of the Single Failure Criterion to X
Manually-Controlled Electrically-Operated Valves

h. BTP ICSB 21 Guidance for Application of RG 1.47 X- X
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Rlauto NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
4 / OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.2 OFFSITE POWER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Reactor Systems Branch (RSB)

Instrumentation and Control Systems Branch (ICSB)

1. AREAS OF REVIEW

The descriptive information, analyses, and referenced documents, including electrical

single line diagrams, electrical schematics, logic diagrams, tables, and physical arrang'-

ment drawings for the offsite power systems, presented in the applicant's safety anralyis

report (SAR), are reviewed. The intent of the review is to determine that this system

satisfies applicable acceptance criteria and will perform its design functions during

plant normal operation, anticipated operational occurrences, and in accident conditions.

The information provided at the construction permit (CP) stage should show that the

design will be in conformance with the acceptance criteria and should support a statement

to this effect to be included in the staff's construction permit safety evaluation report.

At the operating license (OL) stage, review of the final design information and a site

visit should establish that the design criteria have been correctly implemented, that the

design meets the requirements of the safety analyses and conforms to the acceptance

criteria, and should support a statement to this effect to be included in the staff's

operating license safety evaluation report.

The offsite power system is referred.to in industry standards and regulatory guides as

the "preferred power system." It includes two or more identified power sources capable

of operating independently of the onsite or standby power sources and encompasses the

grid, transmission lines (overhead or underground), transmission line towers, transformers,

switchyard components and control systems, switchyard battery systems, the main generator,

and disconnect switches, provided to supply electric power to safety-related and other

equipment.

The PSB will review the following features of the preferred power system.

1. The preferred power system arrangement is reviewed to determine that the required

minimum of two separate circuits from the transmission network to the standby power

distribution system is provided. In determining the adequacy of this system, the

USNRC STANDARD REVIEW PLAN
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independence of the two (or more) circuits is examined to see that bnth electrical

and physical separation exists so as to minimize the chance of simultaneous failure.

This includes a review of the assignment of power sources from the grid, location of

rights-of-way, transmission lines and towers, transformers, switchyard w

interconnections (breakers and bus arrangements), switchyard control systems and

power supplies, location of switchgear (in-plant), interconnections between

switchgear, cable routings, main generator disconnect, and the disconnect control

system and power supply.

2. The Independence of the preferred power system with respect to the standby power

system is evaluated. The scope of review extends to the safety-related distribution

system buses that are capable of being powered by standby power sources. It does

not include the supply breakers of the safety-related distribution system buses.

This evaluation will include a review of the electrical protective relaying and

breaker control circuits and power supplies to assure that loss of one preferred

system circuit will not cause or result in loss of the redundant counterpart, nor

iny standby power system sources.

3. Design information and analyses demonstrating the suitability of the power sources,

transmission lines, breakers, and transformers used for supplying preferred power

from a distant source cr- reviewed to assure that each path has sufficient capacity,

capability, and reliability to perform its intended function. This will require

examination of loads required to be powered for each plant operating condition;,

continuous and fault ratings of breakers, transformers, and transmission lines;

loading, unloading, and transfer effects on equipment; and power capacity available

from each source.

4. The instrumentation required for monitoring and indicating the status of the pre-

ferred power system is reviewed to assure that any change in the preferred power

system which would prevent it 4from performing its intended function will be

immediately identified by the control room operator. Also, all instrumentation for

initiating safety actions associated with the preferred power system is reviewed.

5. Preoperational and initial startu~p tests and programs and periodic testing

capabilities are reviewed.

6. The PSB will also review the following:

a. Environmental conditions such as those resulting from floods, hurricanes, high

and low atmospheric temperature;, rain, and snow are considered in the review
of the preferred power system to determine any effects on function.

b. Quality group classifications of equipment of the preferred power system are
reviewed.
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c. The equipment and functions of the preferred power systems that are used as a

basis for assumptions in the accident analyses are reviewed to assure that they

conform to the requirements of those assumptions.

7. Other areas of review associated with this system are covered elsewhere as follows:

a. Environmental design and qualification testing of electrical equipment are

addressed in SRP Section 3.11.

b. Technical specification requirements imposed upon the operation of the preferred
power system are discussed in Chapter 16 of the applicant's safety analysis
report (SAR). The review of technical specifications for the preferred power

systems Is covered in SRP Section 8.1.

c. The ASS will evaluate the adequacy of those auxiliary systems required for the
proper operation of the preferred power system in connection with the review of
SAR Chapters 9 and 10. These include such systems as heating and ventilation

systems for switchgear in the circuits from the preferred power sources to the

standby power distribution system buses and main generator auxiliary systems

such as the cooling water system, hydrogen cooling system, electro-hydraulic

system, air supply system, and fire protection system.

d. The ASS will examine the physical arrangements of components and structures of

the preferred power system to assure that the paths from the preferred power

sources to the standby power distribution system buses will not experience

simultaneous failure under operating or postulated accident environmental

conditions.

e. The RSB and ASB will be consulted as required to assure proper identification

of the electrical equipment and systems required as a function of time for each

mode of reactor operation and accident condition.

f. The ICSB will evaluate, on request, portions of the preferred power system

instrumentation and controls.

g. The QAB, under SRP Sections 17.1 and 17.2, will verify the adequacy of the

quality assurance program for the installation, inspection, and testing of the

preferred power system electric equipment.

11. ACCEPTANCE CRITERIA

In general, the preferred power system is acceptable when-it can be concluded that two
separate paths from the transmission network to the standby power distribution system are
provided in accordance with General Design Criterion 17; adequate physical and electrical
separation exists; and the system has the capacity, capability, and reliability to supply

power to all safety loads and other required equipment.
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Table 8-1 lists General Design Criteria, standards of the Institute of Electrical and

Electronic Engineers (IEEE), regulatory guides, and staff technical positions utilized as

the bases for arriving at this conclusion. In addition, the references include documents A

used by the reviewer as aids in ascertaining that the criteria have been met.

Subsection III discusses the application of these documents to the review.

Details of the application ot the acceptance criteria to the areas of review described in

subsection I are as follows:

1. System Design Requirements

a. General Design Criteria 33, 34, 35, 38, 41 and 44 set forth requirements for

the safety systems whose source of power is the preferred power system. These

criteria state that safety system redundancy shall be such that, for preferred

power system operation (assuming standby power is not available), the system

safety function can be accomplished assuming a single failure. To utilize this

requirement, the single failure is assumed to occur downstream of the preferred

power feed breakers at the safety buses, i.e., in the safety-related distribution

system. The acceptability of the preferred power system design in this regard

is based on its conformance with General Design Criterion 17 and its capability I

to supply the redundant safety components and systems required by these General

Design Criteria.

b. General Design Criterion 17 requires two physically independent circuits from

the offsite grid, one of which is designed to be available within a few seconds

following a loss-of-coolant accident.

c. The preferred power system must be independent of the standby power system.

The basis for acceptance is that no single event, including a single protective

relay, interlock, or switchgear failure, in the event of loss of standby power,

will prevent the separation of the preferred power system from the standby

power system or prevent the preferred power system from accomplishing its

intended functions. The design must satisfy the requirements of General Design

Criterion 17 in this regard. In addition, the preferred and standby power

supplies should not have common failure modes, as required by IEEE Std 308. To

assure that the preferred power system satisfies the requirements of General

Design Criterion 17, as supplemented by General Design Criteria 33, 34, 35, 38. 1

41 and 44, an acceptable design must be capable of restoring the preferred

power supply after the loss of either circuit in a time period such that the

plant can be safely shutdown, taking into account the effects of a single.

failure in the safety-related distribution system.

2. Testing, Quality Assurance, and System Operability Surveillance

a. To assure that the requirements of General Design Criterion 1 are met in the

preferred power system, the quality assurance program must satisfy the require-

ments of IEEE Std 336, as augmented by Regulatory Guide 1.30. W

Rev. 1 8.2-4
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b. Preoperational and initial startup test programs should be in accordance with

Regulatory Guide 1.68, as augmented by Rejulatory Guide 1.41. To assure that

the periodic onsite testing capabilities satisfy the requirements of General

Design Criterion 18, an acceptable testing program must satisfy Regulatory

Guide 1.118.

c. With regard to the surveillance of system operability status, an acceptable

design must satisfy the positions of Regulatory Guide 1.47, as augmented by

Branch Technical Position ICSB 21.

3. Secondary Review Branches

For those areas of review identified in subsection I of this SRP section as being

the responsibility of other branches, the acceptance criteria and their methods of

application are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The general objectives in the review of the preferred power system are to determine that

this system satisfies the acceptance criteria and can reliably and adequately perform the

functions that are assumed and used as bases in the accident analyses for normal and

abnormal plant conditions. In the CP review, the descriptive information, including the

design bases and their relation to the acceptance criteria, preliminary analyses,

electrical single line diagrams, and preliminary physical arrangement and layout drawings

are examined to determine that the final design will meet this objective if properly

implemented. During the OL review, this objective is verified by examination of final

electrical schematics, physical arrangement and layout drawings, and equipment ratings

identified in the SAR and confirmed during a visit to the site (SRP Appendix 8-B). To

assure that the applicable criteria of Table 8-1 are satisfied, the review of the proposed

design is performed as described below.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection i. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

1. An understanding of the design bases, normal and abnormal operation modes, accident

analyses, and plant equipment is required to evaluate the design and acceptability

of the preferred power system. This information is gained by reading the SAR and in

discussions with the applicant.

2. To assure that the requirements of General Design Criterion 17 are satisfied, the

following review steps should be taken (as applicable for a CP or OL review):

a. The electrical schematics should be examined to assure that at least two separate

circuits from the transmission network to the standby power distribution system

buses are provided (a switchyard may be common to these paths).
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b. The routing of transmission lines should be examined on the station layout

drawings and verified during the site visit to assure that at least two

independent circuits from the offsite grid to the safety-related distribution

buses are physically separate and independent. Preferably these lines should

enter the station on separate rights-of-way, ideally on opposite sides of the

switchyard, should leave the switchyard on opposite sides, ant, should terminate

at transformers located on opposite sides of the reactor or turbine building.

No other line should cross these two circuits. As physical separation becomes

less than the ideal, attention should be directed towards assuring that no

single event such as a tower falling or a line breaking can simultaneously

affect both circuits in such a way that neither can be returned to service in

time to prevent fuel design limits or design conditions of the reactor coolant

pressure boundary from being exceeded.

c. As the switchyard may be common to both circuits from the offsite grid to the

safety-related distribution buses, the electrical schematics of the switchyard

breaker control system and power supply and the breaker arrangement itself

should be examined for the possibility of simultaneous failure of both circuits

from single events such as a breaker not operating during fault conditions,

loss of a control circuit power supply, etc.

d. The design is examined to determine that one of the two required circuits can

immediately provide power to safety-related equipment following a loss-of-coolant

accident. General Design Criterion 17 does not require this circuit in itself

to be single failure-proof for this accident. However, it is required that

each circuit be available in sufficient time to prevent fuel design limits and

design conditions of the reactor coolant pressure boundary from being exceeded.

Therefore, the switchyard control system design and implementation should be

such that any incoming line, switchyard bus, or any path to the safety-related

distribution bus can be isolated. This is generally achieved by separated and

redundant breaker tripping and closing devices, with each circuit independent

of its redundant counterpart including control circuit power supplies. Designs

that do not provide redundant control circuits must be justified by an analysis

which shows the period of time that the station can remain in a safe condition

assuming no a-c power is available. The time established in this analysis must

be greater than the time required to reestablish a-c power from the offsite

grid to the safety-related distribution bus for each single failure event.

These designs sometimes depend on manual operation of the switchyard breakers,

which involves an operator going to the yard and manually actuating valves

controlling high pressure air stored in accumulators to open the breakers. It

has been found in past reviews that several designs were such that the breakers

could not be manually released by this action or by other means. Other items

to be evaluated concern the consequences of shorting of switchyard buses,

battery failures, status of breaker air accumulators, breaker failures, routing

of control circuits and power supplies, shorting of transmission lines, and the
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design of a backfeed path through the main generator transformer if provided in

the design.

e. Each of the circuits from the offsite grid to the safety-related distribution

buses should have the capacity and capability to supply the loads assigned to

the bus or buses it is connected to during normal or abnormal operating condi-

tions, accident conditions, or plant shutdown conditions. Therefore, the loads

to be supplied during these conditions should be determined from information

provided by the RSB as to the equipment required to be operable for each

condition. The capacity and electrical characteristics of transformers,

breakers, buses, transmission lines, and the offsite grid power source for each

path should be evaluated to assure that there is adequate capability to supply

the maximum connected load during all plant conditions. The design should be

examined to assure that during transfer from one power source to another the

design limits of equipment are not exceeded.

f. The results of the grid stability analysis must show that loss of the largest

single supply to the grid does not result in the complete loss of preferred

power. The analysis should consider the loss, through a single event, of the

largest capacity being supplied to the grid or removal of the largest load from

the grid. This could be the total output of the station, the largest station

on the grid, or possibly several large stations if these use a common

transmission tower, transformer, or a breaker in a remote switchyard or sub-

station. The station layout and the grid system layout drawings are reviewed

to determine that all events were included in the analysis.

The applicant should include in the grid stability analysis the consideration

of failure modes that could result in frequency variations exceeding the max-

imum rate of change determined in the accident analysis for loss of reactor

coolant flow.

g. During the review of the electrical schematics, it should be determined that

loss of standby power will not result in loss of preferred power, loss of one

preferred power circuit will not result in loss of the other circuit, and loss

of the main generator will not result in loss of either preferred power circuit.

3. To assure that the requirements of General Design Criterion 18 and Regulatory

Guide 1.118 are satisfied, the electrical schematics should be examined to determine I
that the design includes provisions for testing the transfer of power to the safety-

related distribution system from the main generator supply to the preferred power

system, or to any other supply. It should also be established that the circuitry

required to perform these transfer functions has the capability of being tested during

plant operation.
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4. To assure that the requirements of General Design Criteria 33, 34, 35, 38, 41 and 44

are satisfied, the electrical schematics of the systems required for reactor coolant

makeup, residual heat removal, emergency core cooling, containment heat removal,

containment atmosphere cleanup, and cooling water should be examined to assure that

the circuits from the preferred power system can supply these systems assuming a

single failure in these systems. Each of the circuits should be physically separate

and independent of the other. If the minimum design required by General Design

Criterion 17 is provided, the immediately available preferred circuit must be made

available to the redundant portions of these systems.

5. To assure that the requirements of General Design Criterion 1 are satisfied, it

should be determined that the design criteria and quality group classifications for

all equipment conform to current codes and standards. The QAB will determine the

adequacy of the quality assurance program}

6. To assure that the requirements (excluding seismic) of General Design Criterion 2

are satisfied for the facility being considered, the HMB will provide upon request

information on the design basis flood, wave runup, high and low atmospheric

temperatures, high wind, tornadoes and rain and snow conditions. This information

will be considered during the review to assure that the design minimizes the effects

of these conditions. Items such as switchyard and transformer locations and

associated transmission lines could be affected by these conditions.

7. To assure that the requirements of General Design Criterion 3 are satisfied, it

should be determined that the equipment of the preferred power system is designed

and located to minimize, consistent with other safety requirements, the prohability

and effects of fires and explosions. The review of the design criteria for the

equipment should ascertain this. The ASB will review the fire detection and fire

fighting systems in the preferred power system areas to assure that adverse effects

of fire are minimized. They will also examine ruptures of the fire fighting system

to assure that they do not degrade the safety capability of structures, systems, and

components to a condition where essential functions are lost.

8. To assure that the requirements of General Design Crite1ion 4 are satisfied, the ASB

will review the location of structures, systems, and components of the preferred

power system to determine the protection provided against dynamic effects, including

effects of missiles, pipe whipping, and discharging fluids, that may result from

equipment failures and from events and conditions outside the station. This informa-

tion will be used to determine the possibility of simultaneous loss of both paths of

preferred power.

9. To assure that the requirements of General Design Criterion 5 are satisfied, the

structures, systems, and components of the preferred power systems will be examined

to identify any that are shared between units of a multi-unit station. These will

be reviewed to ascertain that they are capable of performing all required safety
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functions in the event of an accident in one unit, with a simultaneous orderly

shutdown and cooldown of the remaining units. Review of the design criteria should

establish that the capacity and capability of incoming lies, power sources, and

transformers for each required circuit have margin to achieve this. Spurious or

false accident signals should not overload these circuits. SRP Section 8.3 further

discusses spurious or false accident signal considerations.

10. To assure that the requirements of General Design Criterion 13 are satisfied, the

preferred power system instrumentation provided to monitor variables and systems

over anticipated ranges for normal operation, anticipated abnormal occurrences, and

accident conditions should be identified during the electrical schematic and system

description review. It should be ascertained that these instruments present status

information that can be used to determine the condition of the preferred power

system at all times. Review of the electrical schematics should determine that

controls (automatic and manual) are provided to maintain these variables and systems

within prescribed operating ranges. It should also be determined during the review

of the electrical schematics that single failures of these controls and instruments

will not violate the requirements of General Design Criterion 17.

11. The review of the automatic load dispatch system should ascertain that load dispatch

system actions (including normal and postulated failure modes of operation) will not

interfere with safety actions that may be required of the reactor protection system.

This system should also be reviewed to assure that no failure mode of the load

dispatch system will cause an incident at the generating station which would require

protective action.

12. When a specific need is identified, ICSB will review the instrumentation and controls

provided for the preferred power system in accordance with procedures given in the

SRP section for which it has primary responsibility.

In certain instances, it will be the reviewer's Judgment that, for a specific case under

review, emphasis should be placed on specific aspects of the design, while other aspects

of the design need not receive the same emphasis and in-depth review. Typical reasons

for such a nonuniform placement of emphasis are the introduction of new design features

or the utilization in the design of design features previously reviewed and found

acceptable.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that the review

supports conclusions of the following type, to be included in the staff's safety evalu-

ation report:

"The offsite power system includes two or more identified power sources from the

grid, transmission lines (overhead and underground), transmission line towers,

transformers, switchyards and switchyard component control systems, switchyard
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battery systems, the main generator, and disconnect switches used to supply electric

power to safety-related and other equipment. The review of the offsite power system

for the plant covered single line diagrams (CP and OL), station layout

drawings (CP and OL) and schematic diagrams (OL). and descriptive information. The V
review included the applicant's proposed design criteria and design bases for the

offsite power system and his analyses of the adequacy of those criteria and bases.

The review also included the applicant's analyses of the manner in which the design

of the offs1te power system conforms to the proposed design criteria.

"The basis for acceptance in the staff review has been conformance of the appli-

cant's designs, design criteria, and design bases for the offsite power system to

the Commission's regulations as set forth in the General Design Criteria, and to

applicable regulatory guides, staff technical positions, and industry standards.

These are listed in Table 8-1. (Table 8-1 should be included in the safety evalu-

ation report, either at this point in Section 8.2 or in Section 8.1.)

"The staff concludes that the design of the offsite power system conforms to appli-

cable regulations, guides, technical positions, and industry standards and is

acceptable."

V. REFERENCES

1. Standard Review Plan Table 8-1, "Acceptance Criteria for Electric Power."

2. Standard Review Plan Appendix 8-B, "General Agenda, Station Site Visits. "ir
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.3.1 A-C POWER SYSTEMS (ONSITE)

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Containment Systems Branch (CSB)
Mechanical Engineering Branch (MEB)
Quality Assurance Branch (QAB)
Reactor Systems Branch (RSB)
Instrumentation and Control Systems Branch (ICSB)

1. AREAS OF REVIEW

The descriptive information, including functional logic diagrams, functional piping and

instrument diagrams, electrical single line diagrams, physical arrangement drawings, and

electrical schematics, for the a-c onsite power system, presented in the applicant's

safety analysis report (SAR), is reviewed. The intent of the review is to determine that

the a-c onsite power system satisfies applicable acceptance criteria and will perform Its

intended functions during all plant operating and accident conditions.

The a-c onsite power system Is referred to in industry standards and regulatory guides as

the "standby power system." It includes those power sources, distribution systems, and

vital supporting systems provided to supply power to safety-related equipment and capable

of operating independently of the offsite power system (referred to as the preferred

power system). Diesel generator sets have been widely used as the power source for the

standby power supplies and will be covered in this SRP section. Other power sources such

as nearby hydroelectric, nuclear, or fossil units including gas turbine-generator sets

will not be addressed herein. These power sources, when proposed, will be evaluated on

an individual case basis. In addition, those interface areas between the standby and

preferred power systems at the station distribution system level are within the scope of

review of this SRP section insofar as they relate to the independence of the standby
power system.

The PSB will review the following features of the standby power system during both the

construction permit (CP) and operating license (OL) stages of the licensing process:

1. System Redundancy Requirements

The standby power system is reviewed to determine that the required redundancy of

safety-related components and systems is maintained in the standby power system with
regard to both power sources and associated distribution systems. This will include

USNRC STANDARD REVIEW PLAN
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an examination of the standby power network configuration including the power supply

feeders, switchgear arrangement, loads supp'ied from each bus, and power connections

to the instrumentation and control devices of the power system.

2. Conformance with the Single Failure Criterion

In establishing the adequacy of this system to meet the single failure criterion,

both electrical and physical separation of redundant power sources and associated

distribution systems are examined to assess the independence between redundant

portions of the system. This will include a review of interconnections between

redundant buses, buses and loads, and buses and power supplies; physical arrangement

of redundant switchgear and power supplies; and criteria and bases governing the

installation of electrical cables for redundant power systems. Should the proposed

design provide for sharing of the standby power system between units at the same

site, the adequacy of such a design to meet the single failure criterion is reviewed.

3. Standby and Preferred Power Systems Independence

In evaluating the independence of the standby power system with respect to the pre-

ferred power system, the scope of review extends to the station distribution load

centers which are powered from the unit auxiliary transformers and the startup

transformers (considered for the purposes of this SRP section as the offsite or

preferred power sources). It includes the supply breakers connecting the "low" side

of these transformers tn the distribution buses. This evaluation includes a review

of the electrical protective relaying circuits and power supplies to assure that in

the event of a loss of preferred power, the independence of the standby power tystem

is established through prompt opening of isolation-feeder breakers. Also, the

capability of the preferred power system circuits to deliver power to the safe'-v-

related buses is reviewed to assure that no single failure will result in loss '

the minimum required redundancy of the preferred power circuits to the safety-related

buses.

4. Standby Power Supplies

Design information and analyses demonstrating the suitability of the diesel gen-

erators as standby power supplies are reviewed to assure that the diesel generators

have sufficient capacity, capability, and reliability to perform their intended

function. This will include an examination of the characteristics of each load and

the length of time each load is required, the combined load demand connected to each

diesel generator during the 'worst" operating condition, automatic and manual loading

and unloading of each diesel generator, voltage and frequency recovery characteristics

of the diesel generators, continuous and short-term ratings for the diesel generators,

acceptance criteria with regard to the number of successful diesel generator tests

and allowable failures to demonstrate acceptability, and starting and load shedding

circuits. In addition, where the proposed design provides for the connection of

non-safety loads to the diesel generators or sharing of diesel generators between

nuclear units at the same site, particular review emphasis is given to the possibility

of marginal capacity and degradation of reliability that may result from such design

provisions.
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5. Identification of Cables. Raceways. and Terminal Equipment

The means proposed for identifying the standby power system cables, raceways, and

terminal equipment as safety-related equipment in the plant are reviewed. Also, the

identification scheme used to distinguish between redundant cables, raceways, and

terminal equipment of the power system is reviewed.

6. Vital Supporting Systems

The instrumentation, control circuits, and power connections of vital supporting

systems are reviewed to determine that they are designed to the same criteria as

those for the Class lE loads and power systems that they support. This will include

an examination of the vital supporting system component redundancy; power feed

Assignment to instrumentation, controls, and loads; initiating circuits; load

characteristics; equipment identification scheme, qualification of this equipment,

and design criteria and bases for the installation of redundant cables.

7. System Testing and Surveillance

Preoperational and initial startup test programs and periodic onsite testing capa-

bilities are reviewed. The means proposed for automatically monitoring the status

of system operability are reviewed.

8. Other Review Areas

Other areas of review associated with this system that are covered elsewhere are as

follows:

a. Envirinmental design and qualification testing of electrical equipment are

addressed in SRP Section 3.11.

b. Onsite d-c control power feeds to the standby power system are addressed in

SRP Section 8.3.2.

c. Technical specification requirements imposed upon the operation of the standby

power system are discussed in Chapter 16 of the SAR. Assistance and consultation

are provided in accordance with the review procedures in SRP Section 8.1.

d. The ASS, under SRP Section 9.4, will evaluate the adequacy of the heating and

ventilation systems for switchgear and diesel generator rooms. In particular,

ASS will determine that the piping, ducting, and dampering for these heating

and ventilation systems are adequate. In addition, the ASS will examine the

physical arrangement of components and structures for Class IE systems and

their supporting auxiliary systems, and determine that single events and

accidents will not disable redundant features.

e. The CSB, under SRP Section 6.2, will identify those containment ventilation

systems provided to maintair a controlled environment for safety-related instru-

mentation and electrical equipment located inside the containment.
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f. The MEB, under SRP Section 3.10, will review the criteria for seismic qualifica-

tion and the test and analysis procedures and methods to assure the operability

of Category I instrumentation and electrical equipment, including raceways,

switchgear, control room boards, and instrument racks and panels, in the event W
of a seismic occurrence.

g. The QAB, uncer SRP Sections 17.1 and 17.2, will verify the adequacy of the

quality assurance program for the installation, inspection, and testing of

Class lE instrumentation and electrical equipment and will coordinate the

requirements for the technical specifications.

h. The RSB, under SRP Sections 5.4, 6.3 and 15.0, will identify the engineered

safety feature (ESF) and safe shutdown loads and systems and will verify that

the minimum time intervals for the connection of ESF loads to the standy power

system during accident conditions are satisfactory.

i. The ICSB, under SRP Section 7.3, will verify that the accident signals are

properly configured into the diesel genrator starting circuits. This will

include an examination of the design criteria and bases for the installation of

associated redundant electrical cables.

II. ACCEPTANCE CRITERIA

In general, the standby power system is acceptable when it can be concluded that this

system has the required redundancy, meets the single failure criterion, is testable, and |

has the capacity, capability, and reliability to supply power to all required safety W
loads. Table 8-1 lists General Design Criteria (GOC), standards of the Institute of

Electrical and Electronic Engineers (IEEE), regulatory guides, and branch technical

positions utilized as the bases for arriving at this conclusion. Also, Table 8-1 includes

those evaluation guides used by the reviewer as aids in ascertaining that the criteria

have been met. Subsection III discusses the application of these evaluation guides to

the review. The application of the acceptance criteria to the areas of review described

in subsection I is as follows:

1. System Redundancy Requirements

General Design Criteria 33, 34, 35, 38, 41 and 44 set forth requirements with

regard to the safety systems that must be supplied by the standby power system.

Also, these criteria state that safety system redundancy should be such that for

standby power system operation (assuming preferred power is not available), the

system safety function can be accomplished assuming a single failure. The

acceptability of the standby power system with regard to redundancy is based on

conformance to the same degree of redundancy required of safety-related components

and systems by these General Design Criteria.
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2 Conformance with the Stnale Failure Criterion

As required by General Design Criterion 17, the standby power system must be capable

of performing Its safety function assuming a single failure. To meet this require-

ment, electrical independence between redundant portions of this system must be

maintained. An acceptable design in this regard is one that conforms-to IEEE Std 308

and follows the recommendations of Regulatory Guide 1.6. Should the proposed design

provide for sharing of the standby power system between units at the same site, the
governing criteria stated in IEEE Std 308 are not explicit enough to be used as the

basis for acceptance. Therefore, the acceptability of such a design to meet the
single failure criterion is based on the design satisfying the recommendations of

Regulatory Guide 1.81. This guide sets forth acceptable bases for implementing the
requirements of General Design Criterion 5, "Sharing of Structures, Systems, and

Components." To assure that physical independence of redundant equipment, including
cables and raceways, is maintained in accordance with meeting the requirements of

General Design Criteria 2, 3 and 4, an acceptable design arrangement must satisfy

the requirements set forth in IEEE Std 384, as augmented by Regulatory Guide 1.75.

3. Standby and Preferred Power Systems Independence

The basis for acceptance is that no single failure including single protective

relay, interlock, or switchgear failure, causing the loss of preferred power, will

prevent the separation of the preferred power system from the standby power system

or limit the standby power system in accomplishing its intended function. To assure

the independence of the standby power system in the event of a failure in the

preferred power system, an acceptable design must satisfy the requirements of General

Design Criterion 17. In addition, the preferred and standby power supplies should

not have common failure modes. In assuring that the design of the preferred power
circuits to the safety-related buses is consistent with satisfying the power

availability requirements of General Design Criterion 17, as supplemented by General
Design Criteria 34, 35, 38, 41 and 44, an acceptable design must be capable of

withstanding the effects of a single failure without a reduction of the capability

of the preferred power circuits to less than the minimum required for safety.

4. Standby Power Suoplies

a. The capacity, capability, and reliability of the standby power supply diesel

generator sets are acceptable if the basis for selection of the diesel generator

sets follows the recommendations of Regulatory Guide 1.9.

b. If the proposed design provides for sharing of the standby power system between

units at the same site, the acceptance criteria utilized in determining that
such a design complies with the requirements of General Design Criterion 5 are
given in Regulatory Guide 1.81. This guide sets forth two principal positions.
Position 2 is being applied to reviews for all operating license and construction
permit applications docketed prior to1 June 1, 1973. In essence, Positien 2

job, permits sharing If the standby power system has sufficient capacity and capability
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to supply the minimum ESF loads in any unit and also the equipment needed to

safely shut down the remaining units. The capacity and capability are acceptable

if system safety functions can be accomplished in the event of an accident in

one unit, assuming a single failure or a spurious or false accident signal from

another unit and loss of preferred power. Position 3 is being applied to

construction permit applications docketed after June 1, 1973. It prohibits the

sharing of standby power systems between nuclear units.

c. Should the proposed design provide for the connection and disconnection of

non-Class lE loads to and from the Class lE standby power supplies, it should

conform to IEEE Std 384, as augmented by Regulatory Guide 1.75, with respect to

the role isolation devices play in this regard. The design must be such as to

assure that the Interconnections and the added non-Class IE loads will not

result in any degradation of the Class 1E system.

d. Diesel generator qualification testing programs are acceptable if they satisfy

Position 5 of Regulatory Guide 1.6, Regulatory Guide 1.9, and Branch Technical
Position ICSB 2 (PSB).

e. The diesel generator system design is acceptable with regard to testability if

the applicable positions of Regulatory Guide 1.108 are satisfied.

f. Rega ding the design of thermal overload protection for motors of motor-operated

safety-related valves, the acceptability of the design is based on Regulatory

Guide 1.106.

S. Identification of Cables, Raceways, and Terminal Equipment

The method used for identifying standby power system cables, raceways, and terminal 1

equipment as safety-related equipment in the plant, and the identification scheme

used to distinguish between redundant cables, raceways, and terminal equipment, are

acceptable if they are in accordance with IEEE Std 384 as augmented by Regulatory

Guide 1.75.

6. Vital Supporting Systems

The instrumentation, controls, and electrical equipment for these supporting systems

identified as vital to the proper functioning of Class IE systems are acceptable if

the design conforms to the same criteria as for the Class IE systems they support.

7. System Testing and Surveillance

To assure that the preoperational and initial startup test programs for the standby

power system meet the requirements of General Design Criterion 1, they must be in

accordance with Regulatory Guides 1.68 and 1.41. To assure that the periodic onsite

testing capabilities satisfy the requirements of General Design Criteria 18 and 21,

an acceptable testing program should include the positions of Regulatory Guides 1.22

and 1.108. With regard to surveillance of the operability status of the standby
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power system, an acceptable design should satisfy the positions of Regulatory

Guide 1.47, as augmented by Branch Technical Position ICSB 21.

8. Fire Protection for Cable Systems

The basis for acceptance of fire protection for cable systems is given in SRP

Section 9.5.1. In addition, it should be acceptably demonstrated that cable derating

and raceway fill are in accordance with accepted industry practices.

9. Other Review Areas

For those areas of review identified in subsection I as being the responsibility of

other branches, the acceptance criteria and their methods of application are contained

in the SRP sections corresponding to those branches. However, there are some

acceptance criteria that are commonly used by both primary and secondary review

branches as the basis for determining that a design is acceptable. For the standby
power system, these criteria and their application to the areas of review are as

follows:

a. Seismic Design Requirements

In determining the adequacy of the seismic design of Category I instrumentation,

control and electrical equipment, the MEB ICSB and PSB will perform reviews in

this regard to ascertain that the proposed design satisfies such standards as

IEEE Std 344, "Standard for Seismic Qualification of Class lE Equipment for

Nuclear Power Generating Stations," and Regulatory Guide 1.100. Additional

criteria are provided in SRP Section 3.10.

b. Quality Assurance

To assure that the requirements of General Design Criterion 1 are met in the

standby power system, the quality assurance program for the Class lE instrumental

tion and electrical equipment must satisfy the requirements of such standards

as IEEE Std 336, "Installation, Inspection, and Testing Requirements for Instru-

mentation and Electric Equipment During the Construction of Nuclear Power

Gener3ting Stations," and Regulatory Guide 1.30, "Quality Assurance Requirements

for the Installation, Inspection and Testing of Instrumentation and Electrik

Equipment." The QAB, ICSB and PSB will perform reviews in this regard to

ascertain that the proposed quality assurance program is consistent with the

acceptance criteria.

III. REVIEW PROCEDURES

The main objectives in the review of the standby power system are to determine that this

system has the required redundancy, meets the single failure criterion, is testable, and

has the capacity, capability, and reliability to supply power to all required safety

loads. In the CP review, the descriptive information, including the design bases and

their relation to the acceptance criteria, preliminary analyses, electrical single line

diagrams, functional logic diagrams, preliminary functional piping and instrumentation

diagrams (P&IDs), and preliminary physical arrangement drawings are examined to determine
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that there is reasonable assurance that the final design will meet these objectives. At

the OC stage, these objectives are verified during the review of final electrical

schematics, functional P&IDs, and physical arrangement drawings and are confirmed during
a visit to the site. To assure that these objectives have been met in accordance with

the requirements of the criteria, the review is performed as detailed below.

In addition to the review procedures of the PSB, this section identifies those aspects of
the review that will be accomplished by the secondary review branches. Upon request from
the primary reviewer, the secondary review branches will provide input for the areas of
review stated in subsection I. The primary reviewer obtains and uses such input as

required to assure that this review procedure is complete.

1. System Redundancy Requirements
Based on the Information provided by the RSB with regard to the required redundancy

of safety-related components and systems (General Design Criteria 33, 34, 35, 38, 41

and 44), the descriptive Information including electrical single line diagrams (CP

and OL stage), functional P&IOs (CP and O stage), and electrical schematics (OL

stage) is reviewed to verify that this redundancy is reflected in the standby power

system with regard to both power sources and associated distribution systems. Also,
it is verified by the PSB that redundant safety loads are distributed between

redundant distribution systems, and that the instrumentation and control devices for

the Class 1E loads and power system are supplied from the related redundant distribu- I
tion systems.

2. Conformance with the Single Failure Criterion

In evaluating the adequacy of this system in meeting the single failure criterion

(General Design Criterion 17), both electrical and physical separation of redundant

power sources and distribution systems, including their connected loads, are reviewed

to assess the independence between redundant portions of the system.

To assure electrical independence, the design criteria, analyses, description, and
implementation as depicted on functional logic diagrams, electrical single line

diagrams, and electrical schematics are reviewed to determine that the design meets

the requirements set forth in IEL, Std 308 and satisfies the positions of Regulatory

Guide 1.6. Additional guidance in evaluating this aspect of the design is derived

from IEEE Std 379, "Guide for the Application of the Single-Failure Criterion to

Nuclear Power Generating Station Protection Systems," as augmented by Regulatory

Guide 1.53, "Application of the Single-Failure Criterion to Nuclear Power Plant

Protection Systems." Since IEEE Std 308"does not set forth specific criteria

governing the design of the circuits that initiate and control standby power, the

reviewer utilizes IEEE Std 279 as an evaluation guide to ascertain that the designs

of these circuits satisfy the same single failure requirements as protection systems.

Other aspects of the design where special review attention is given to ascertain

that the electrical independence has not been compromised are as follows:

0
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a. Should the proposed design provide for sharing of the standby power system

between units at the same site, the criteria of IEEE Std 308 governing the

sharing of this system between units are not specific enough to be used as the

basis for assessing the adequacy of the design in meeting the requirements of

General Design Criterion 5 and satisfying the single failure criterion.

Therefore, the acceptability of such a design is determined by reviewing the

proposed system design criteria 'nd electrical schematics and analyses

substantiating the adequacy of the design to withstand the consequences of

electrical faults and failures in one unit with the respect to the others.

Generally, the PSB is guided by the requirements set forth in Position 2 of

Regulatory Guide 1.81, "Shared Emergency and Shutdown Electric Systems for

Multi-Unit Nuclear Power Plants," for CP applications docketed before June 1,

1973 and for OL applications. Position 3 of this Regulatory Guide prohibits

the sharing of standby power systems between nuclear units for construction

permit applications docketed after June 1, 1973. Further details of the review

with regard to Position 2 on sharing of the standby power system between units

are covered in item 4, below.

b. The interconnections between redundant load centers through bus tie breakers

and multi-feeder breakers used to connect extra redundant loads to either of

the redundant distribution systems are examined to assure that no single failure

in the interconnections will cause the paralleling of the standby power supplies.

To assure this, the control circuits of the bus tie breakers or multi-feeder

breakers must preclude automatic transferring of load centers or loads from the

designated supply to the redundant counterpart upon loss of the designated

supply (Position 4 of Regulatory Guide 1.6). Regarding the interconnections

through bus tie breakers, an acceptable design will provide for two tie breakers

connected in series and physically separated from each other in accordance with

the acceptance criteria for separation of Class lE systems, which is discussed

below. Further, the interconnection of redundant load centers must be

accomplished only manually. With respect to the interconnections through the

multi-feeder breakers supplying power to extra redundant loads, the review

relates to the utilization of the extra redundant unit as one of the required

operating units (if the substituted for normal unit is inoperable). If this is

the selected mode of operation prior to an accident concurrent with the loss of

offsite power, it is verified by reviewing the breaker arrangement and associated

control circuits that no single failure in the feeder breaker which is not

connected to the extra redundant unit could cause the closing of this breaker

resulting in the paralleling of the power supplies. To assure against

compromising the independence of the redundant power systems under this

situation, an acceptable design for connecting extra redundant loads to either

distribution system will provide for at least dual means for connecting and

isolating each load from each redundant bus. Such a design must also meet the

acceptance criteria for electrical and physical separation of Class lE systems.

In addition, the provisions of the design to automatically break all the
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interconnections (e.g. , open tie and multi-feeder breakers) between redundant

load centers immediately following an accident condition concurrent with the

loss of offtste power are reviewed to ascertain that the independence of the

redundant portions of this system is established given a single failure.

c. To assure physical independence, the criteria governing the physical separation

of redundant equipment, including cables and raceways, and their implementation I

as depicted on preliminary (CP stage) or final (OL stage) physical arrangement

drawings are reviewed to determine that the design arrangements satisfy the

requirements set forth in IEEE Std 384 as augmented by Regulatory Guide 1.75.

This standard and regulatory guide set forth acceptance criteria for the

separation of circuits and electrical equipment contained in or associated with

the Class lE power system. In essence, the review objective is to determine I

that the design provides for redundant portions of this system to be located in

physically separated seismic Category I structures (General Design Criterion 2).

It is verified that each structure has independent heating and ventilation

(H&V) systems (including supply and exhaust pipes or ducts) to assure against

single events and accidents from disabling redundant features (General Design

Criteria 3, 4). The ASB has primary responsibility in the review of the design

arrangement of the Class IE systems and their vital supportir- -v tems, except

for the cable design which is the responsibility of the PSB. h bin the scope

of review of this area, the ASB will also verify the adequacy of physical

barriers such as doors separating redundant portions of this system to assure

that events such as fire and flooding in one structure will not be propagated

to other redundant equipment structures (General Design Criteria 3, 4). To

determine that the independence of the redundant cable installation is consistent

with satisfying the requirements set forth In IEEE Std 384 as augmented by

Regulatory Guide 1.75, the proposed design criteria governing the separation of

Class lE cables and raceways are reviewed including such criteria as those for

cable derating; raceway filling; cable routing in containment, penetration

areas, cable spreading rooms, control rooms and other congested areas; sharing

of raceways with nonsafety-related cables or with cables of the same system or

other systems; prohibiting cable splices in raceways; control wiring and

components associated with Class lE electric systems in control boards, panels,

and relay racks; and fire barriers and separation between redundant raceways.

With regard to determining the adequacy of the physical independence of redundant

cables through penetration areas, the reviewer utilizes, in addition to IEEE

Std 384 and Regulatory Guide 1.75, IEEE Std 317 as augmented by Regulatory

Guide 1.63 as evaluation guides to ascertain that the electric penetration

assemblies are designed in accordance with the requirements for Class lE

equipment.

3. Standby and Preferred Power Systems Independence

In ascertaining the independence of the standby power system with respect to the

preferred power system, the electrical ties between these two systems as well as the
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physical arrangement of the interface equipment are reviewed to assure that no

single failure will prevent the separation of the redundant portions of the standby

power system from the preferred power system when required. The scope of the review

for independence extends from the supply breakers connected to the low side of the

unit auxiliary transformers and startup transformers (referred to as the offsite or

preferred power supplies) to the station safety-related distribution system. The

number and capability of electrical circuits from the preferred power supplies to

the safety buses are to be consistent with satisfying the requirements (one immediate

and one delayed access circuit, as a minimum) of General Design Criterion 17. Then,

downstream of the preferred power breakers at the safety buses, the design must

satisfy the requirements for redundancy and independence of General Design Criteria

34, 35, 38, 41 and 44; that is, for standby power system operation (assuming preferred

power is not available), the system safety function can be accomplished assuming a

single failure.

To determine that the physical independence of the preferred power circuits to the

Class lE buses is consistent with satisfying the requirements of General Design

Criterion 17 and IEEE Std 308, the physical arrangement drawings are examined to

verify that each circuit is physically separate and independent from its redundant

counterparts. In addition, the final feeder-isolation breaker in each circuit

through which preferred power is supplied to the safety buses must be designed and

physically separated in accordance with the requirements for Class lE systems.

Following the loss of preferred power, the safety buses are powered solely from the

standby power supplies. Under this situation, the design of the feeder-isolation

breaker in each preferred power circuit must preclude the automatic connection of

preferred power to the respective safety bus upon the loss of standby power. In

this regard, an acceptable design will include the capability for restoring

preferred power to the respective safety bus by manual actuation only.

In assessing the adequacy of the electrical ties between the standby and preferred

power systems, and the capability of the preferred power circuits to deliver power

to the safety-related buses, both primary and secondary backup protective relaying

schemes and their coordination, relay settings, and assigned control power supplies

are reviewed by PSB to assure that in the event of an electrical fault, occurring

between the preferred power transformer supply breakers and the safety buses, no

single failure will result in reducing the number of preferred power circuits to

less than the minimum required for safety, or prevent the separation of the affected

circuit from the respective redundant portion of the standby power system. In

addition, it is verified that no single protective relay or interlock failure will

prevent separation of the required redundant portions of the standby power system

from the preferred power system upon loss of the latter.

In reviewing the mode of operation where both power systems are being operated in

parallel (such is the case during full load testing of standby power supply diesel

generator sets), the interlock scheme including electr cal protective relay
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coordination and settings are closely examined to verify that the independence of the

required redundant portions of the standby power system is established upon a failure

in the preferred power system. The event of concern under this mode of operation is

an accident concurrent with a loss of offsite power and a single failure preventing

the opening of the feeder-isolation breaker through which the paralleling of the

power systems was being accomplished. Because the signal to start the diesel

generator sets is normally derived from undervoltage relays and under this situation

the voltage is maintained above the trip relay settings by the diesel generator

under test, the remaining redundant diesel generators will not be commanded to start

running. Consequently, the added capacity resulting from the connection of

non-Class lE loads to the diesel generator under test will cause the tripping of

this diesel due to overload. The end result could be the total loss of power to the

safety buses. However, this power interruption could be of momentary duration if

the remaining redundant diesel generators are commanded automatically to start by

undervoltage relay action immediately after total power is lost. The diesel generator

under test will be inoperable due to the self-locking feature preventing restarting

after an overload trip condition. The reviewer ascertains that the time delay

introduced in making power available to the safety buses as a result of this event

is within the response time limits assumed in the accident analyses. Included is

verification that subsequent failures such as those resulting from improper

electrical relaying coordination and self-locking features will not impair the

automatic starting of the remaining redundant diesel generators required to meet

minimum safety requirements. If the time delay introduced in making power available

to the safety buses is not tolerable, it must be demonstrated that either the

probability of occurrence of this event is low when compared to the frequency and

duration of testing each diesel, or the design must provide diverse automatic signals.

other than undervoltage, to assure the availability of standby power to the safety

buses.

As an outcome of reviewing the parallel operation of the preferred and standby power

systems, the use of the standby power supply diesel generator sets to supply power

to the electrical system during peak load demand periods was found by the staff to

be unacceptable. The basis for this conclusion is that the required frequent inter-

connections of the preferred and s..,.dby power supplies do not minimize the

probability of their coincident loss (General Design Criterion 17) nor can the

design be made immune to common failure modes (Section 5.2.1(5) of IEEE Std 308).

Further details amplifying the basis for this conclusion are included in Branch

Technical Position 'CSB 8 (PSB) which sets forth the basis for prohibiting the use

of diesel generator sets for purposes other than emergency standby power supplies.

4. Standby Power Supplies

In assuring that the requirements of General Design Criterion 17 and IEEE Std 308

have been met with regard to the standby power supply diesel generator sets having

sufficient capacity, capability, and reliability to supply the required distribution

system loads, the design bases, design criteria, analyses, description, and
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implementation as depicted on electrical drawings and functional P&IDs are reviewed

to verify that the bases for selection of the diesel generator sets satisfy the

positions of Regulatory Guide 1.9. Supplemental guidance for evaluating the

suitability of the diesel generators as standby power supplies is obtained from IEEE

Std 387, "Criteria for Diesel-Generator Units Applied as Standby Power Supplies for

Nuclear Power Generating Stations." Specifically, the reviewer first becomes familiar

with the purpose and operation of each safety system, including system component

arrangement as depicted on functional P&IMs, expected system performance as

established in the accident analyses, modes of system operation and their interactions

during normal and accident conditions, and interactions between systems. Following

this, it is verified that the tabulation of all safety-related loads to be connected

to each diesel generator is consistent with the information establishing the safety-

related systems and loads and their required redundancy. The characteristics of

each load (such as motor horsepower, volt-amp rating, in-rush current, starting

volt-amps and torque), the length of time each load is required, and the basis used

to establish the power required for each safety load (such as motor nameplate rating,

pump run-out condition, or estimated load under expected flow and pressure) are

utilized to verify the calculations establishing the combined load demand to be

connected to each diesel during the "worst" operating condition. In applying this

combined load demand to the selection of each diesel generator capacity, an acceptable

design must satisfy Positions 1 and 2 of Regulatory Guide 1.9.

To assure that each diesel generator is capable of starting and accelerating to

rated speed all the connected loads in the required sequence and within the minimum

time intervals established by the accident analyses, the PSB reviewer examines for

each diesel generator the loading profile curves, voltage and frequency recovering

characteristic curves, and the response time of the excitation system to load

variations. This examination must verify that the capability of each diesel generator

to respond to voltage and frequency variations satisfies Position 4 of Regulatory

Guide 1.9. In addition, the adequacy of the circuit design for starting and

disconnecting and connecting safety loads from and to each diesel generator is

checked. This includes a review of the starting initiating circuits; manual and

automatic sequential loading and unloading circuits; interrupting capacity of

switchgear, load centers, control centers, and distribution panels; grounding require-

ments; and electrical protective relaying circuits including their coordination,

relay settings, and assigned control power supplies for each load and each diesel

generator. In reviewing the criteria governing the design of the thermal overload

protection for motors of motor-operated safety-related valves, the reviewer is

guided by Regulatory Guide 1.106.

Regarding the review of the electrical protective trip circuits of the diesel

generator sets, Branch Technical Position ICSB 17 (PS9) is utilized as an evaluation

guide. Although this guide sets forth specific recommendations for a particular

plant, it can be used to ascertain that the design of these circuits is consistent

with minimizing the likelihood of false diesel generator trips during emergency
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conditions. The capability of the automatic sequential loading circuits to reset
during a sustained low voltage conditi0 on the diesel generators is reviewed to
assure that upon restoration of normal voltage, the Class lE loads can be connected
in the prescribed sequence. Otherwise, the reconnection of all the loads at the
same time could result in an overload condition causing the trip of the respective
diesel generator. In assuring that those Class lE loads being powered through
latched-type breakers are capable of being reconnected to their respective buses
after restoration of power. the design must provide for resetting the breaker anticyle
feature when there is an undervoltage condition. The normal function of this feature
is to prevent immediate reclosure of a breaker following a trip.

Where the proposed design provides for the sharing of diesel generators between
units at the same site, and connection and disconnection of non-Class IE loads to
and from the Class lE distribution buses, particular attention is given in the
review to assure that the implementation of such design provisions does not
compromise the capacity, capability, or reliability of the standby power supplies.

,1

General Design Criterion 5 prohibits sharing unless it can be shown that the diesel
generators are capable of performing all required safety functions in the event of
an accident in one unit and an orderly shutdown and cooldown of the remaining units.
In assuring that the proposed design for sharing diesel generators between units
meets the requirements of General Design Criteria 5 and 17 as supplemented by General
Design Criteria 34, 35, 38, 41 and 44 and satisfies the positions of Regulatory
Guide 1.9, the PSB reviewer is guided by Regulatory Guide 1.81. This guide sets
forth two principal positions. Position 3 applies to those construction permit
applications docketed after June 1, 1973, and prohibits the sharing of standby power
systems between units. Conformance of the design with Position 3 is verified by
reviewing the descriptive information including electrical drawings to assure that
the standby power system of each unit is electrically independent with respect to
the standby power system of other units.

Position 2 of Regulatory Guide 1.81 establishes acceptable bases under which sharing
of standby power systems between units is permitted. Conformance with Position 2
with regard to the adequacy of diesel generator capacity and capability under the
sharing mode of operation is verified by following the procedure discussed above for
tabulating and summing all loads. In particular, the load tabulation and calcula-
tions establishing the diesel generator capacity are examined to assure that the
selected capacity is sufficient to power the minimum ESF loads in any unit and
safely shut down the remaining units, in the event of an accident in one unit and a
single failure or spurious or false accident signal from another unit and loss of
preferred power to all the units. In addition, the physical arrangement of instru-
mentation and control devices on control room panels and consoles in one unit with
respect to the other units is examined to assure that the design minimizes the
coordination needed between unit operators to accomplish sharing of the standby
power systems.
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In the absence of specific criteria in IEEE Std 308 governing the connection and

discornection of non-Class lE loads to and from the Class lE distribution buses, the

review of the interconnections will consider isolation devices as defined in IEEE

Std 384 and augmented by Regulatory Guide 1.75 to determine the adequacy of the

design. In assuring that the interconnections between non-Class lE loads and Class YE

buses will not result in the degradation of the Class IE system, the isolation

device through which standby power is supplied to the non-Class IE load, including

control circuits and connections to the Class IE bus, must be designed to meet

Class IE requirements. Should the standby power supplies not have been sized to

accommodate the added non-Class IE loads during emergency conditions, the design

must provide for the automatic disconnection of those non-Class lE loads upon the

detection of the emergency condition. This action must be accomplished whether or

not the load was already connected to the power supply. Further, the design must

also prevent the automatic or manual connection of these loads during the transient

stabilization period subsequent to this event.

The description of the qualification test program (CP stage) and the results of such

tests (OL stage) for demonstrating the suitability of the diesel generators as

standby power supplies are judged to be acceptable if they satisfy the acceptance

criteria stated in subsection 11.4. In the event that diesel generators have not

been selected for a particular plant, a commitment from the applicant to obtain

diesel generators of a design that has been previously qualified for use in nuclear

power plant applications, or to perform qualification tests on diesel generators of

a new design in accordance with the acceptance criteria, is considered acceptable at

the CP stage of review.

The PSB will also verify that there is seismic Category I onsite fuel oil storage

capacity for operation at full rated load of one redundant diesel generator for at

least seven days.

5. Identification of Cables, Raceways, and Terminal Equipment

The identification scheme used for Class lE cables, raceways, and terminal equipment

in the plant and Class 1E internal wiring in the control boards is reviewed to see

that it is consistent with IEEE Std 384 as augmented by Regulatory Guide 1.75. This

includes the criteria for differentiating between safety-related cables, raceways

and terminal equipment of different channels or divisions, nonsafety-related cable

which is run in safety raceways, nonsafety-related cable which is not associated

physically with any safety division, and safety-related cables, raceways, and terminal

equipment of one unit with respect to the other units at a multi-unit site.

6. Vital Supporting Systems

The PSB will review those auxiliary systems identified as being vital to the opera-

tion of Class IE loads and systems. The PSB reviews the instrumentation, control,

and electrical aspects of the vital supporting systems to assure that their design

conforms to the same criteria as those for the Class 1E systems that they support.
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Hence, the review procedure to be followed for ascertaining the adequacy of the

vital supporting systems is the same as that discussed herein for Class lE systems.

In essence, the reviewer first becomes familiar with the purpose and operation of

each vital supporting system, including its components arrangement as depicted on

functional P&IDs. Subsequently, the design criteria, analyses, and description and

implementation of the instrumentation, control and electrical equipment, as depicted

on electrical drawings, are reviewed to verify that the design is consistent with

satisfying the acceptance criteria for Class lE systems. In addition, it is verified!

that the vital supporting system redundant instrumentation, control devices, and

loads are examined to verify that they are powered from the same redundant distribu-

tion system as the Class lE system that they support. The PSS will also verify that

the vital supporting systems which are associated with the emergency diesel engine

such as the fuel oil storage and transfer system, cooling water system, starting air

and lubrication systems are in accordance with the acceptance criteria.

The ASB reviews the other aspects of the vital supporting systems to verify that the I

design, capacities, and physical independence of these systems are adequate for

their intended functions. Included is a review of the heating and ventilation (H&V)

systems identified as necessary to Class lE systems, such as the H&V systems for the

electrical switchgear and diesel generator rooms. The ASB will verify the adequacy

of the H&V system design to maintain the temperature and relative humidity in the

room required for proper operation of the safety equipment during both normal and

accident conditions. It will also verify that redundant H&V systems are located in

the same enclosure as the redundant unit they serve, or are separated in accordance

with the same criteria as those for the Class lE systems they support.

7. System Testing and Surveillance

The proposed preoperational and initial startup test programs for the standby power

system including its vital supporting systems are reviewed to verify that the proposed

programs are consistent with Regulatory Guides 1.68, 1.41 and 1.108. In assuring

that the proposed periodic onsite testing capabilities of Class lE systems satisfy

the requirements of General Design Criteria 18 and 21, and Regulatory Guide 1.108

and 1.118, the descriptive information (CP and OL stages) functional logic diagrams

(CP and OL stages), and electrical schematics (OL stage) are reviewed to verify that

the design has the built-in capability to permit integral testing of Class lE systems

on a periodic basis when the reactor is In operation.

The descriptive information (CP and OL stages) and the design implementation as

depicted on electrical drawings (OL stage) of the means proposed for automatically

indicating at the system level a bypassed or deliberately inoperative status of a

redundant portion of a Class lE system are reviewed to ascertain that the design is

consistent with Regulatory Guide 1.47 and $ranch Technical Position ICSB-21. This

position establishes the basis to be considered in arriving at an acceptable design

for the inoperable status indication system.
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8. Fire Protection for Cable Systems

In assuring that the requirements of General Design Criterion 3 have been met, ASB

will review the design of the fire stops and isals, including the materials, their

characteristics with regard to flammability and fire retardancy, and their fire

underwriters rating in accordance with SRP Section 9.5.1. All cable and cable tray

penetrations through walls and floors as well as any other types of cable ways or

conduits should have fire stops installed. PSB will review cable derating and

raceway fill to assure compliance with accepted industry practices.

9. Other Review Areas

For those areas of review identified as being the responsibility of other branches,

the review procedures are included in the appropriate SRP sections. However, there

are some areas that are commonly reviewed by both primary and secondary review

branches. For the standby power system, the review procedures for these areas are

as follows:

a. Seismic Design Requirements

The MEB has primary responsibility in assuring that the seismic design of

Category I instrumentation and electrical equipment satisfies the MEB acceptance

criteria, which include IEEE Std 344. The ICSB and PSB supplements the 14EB by

reviewing the description of the seismic qualification test program (CP stage)

and the results of such tests and analyses (OL stage) for demonstrating the

capability of Class lE instrumentation, control devices, and associated circuits

to withstand tne effects of a seismic event. The adequacy of the seismic

design for major electrical apparatus (such as the switchgear, motors, dnd

diesel generator sets) and their supports will be determined by the MEB.

b. Quality Assurance

In assuring that the quality of Class lE equipment is commensurate with present

codes and standards (General Design Criterion 1), the QAB will review the

proposed quality assurance program to ascertain that it is consistent with

satisfying the QAB acceptance criteria. The PSB is guided by the requirements

set forth in IEEE Std 336, as augmented by Regulatory Guide 1.30, to ascertain

that the proposed quality assurance program for Class lE electrical equipment

is acceptable.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that the review

supports conclusions of the following type, to be included in the staff's safety evaluation

report:

"The standby power system includes the onsite power sources, distribution systems,

vital auxiliary supporting systems, and instrumentation and controls required to

supply power to safety-related components and systems. The scope of review included

the descriptive information (CP and OL), functional logic diagrams (CP and OL),
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functional piping and instrument diagrams (CP and OL), electrical single line diagrams

(CP and OL), preliminary (CP) and final (OL) physical arrangement drawings, and

electrical schematics (OL) for the standby power system and for those auxiliary

systems that are vital to the proper operation of the Class IE standby power system

and its connected Class lE loads. The review has included the applicant's design

bases and their relation to the proposed design criteria for the standby power

system and for the vital supporting systems and the applicant's analyses of the

adequacy of those criteria and bases. The review also has included the applicant's

proposed means for identifying safety-related cables, raceways, and terminal equipment

in the plant; the preoperational and initial startup test programs and periodic

onsite testing capabilities; the qualification test programs (CP) and the results

(OL) demonstrating the suitability of the diesel generators as standby power supplies;

the seismic qualification test program (CP) and the results and analyses (OL); and

the quality assurance programs for the standby power system.

"The basis for acceptance in our review has been conformance of the applicant's

designs, design criteria, and design bases for the standby power system and vital

supporting systems to the Commission's regulations as set forth in the General

Design Criteria, and to applicable regulatory guides, branch technical positions,

and industry standards. These are listed in Table 8-1.

"On the basis of our review, we have concluded that the standby power system conforms

to applicable regulations, guides, technical positions, and industry standards and

is acceptable."

V. REFERENCES

1. Standard Review Plan Table 8-1, "Acceptance Criteria for Electric Power."
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,A U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEARREACTOR REGULATION

SECTION 8.3.2 D-C POWER SYSTEMS (ONSITE)

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Containment Systems Branch (CSB)
Mechanical Engineering Branch (MEB)
Reactor Systems Branch (RSB)
Quality Assurance Branch (QAB)
Instrumentatirn and Control Systems Branch (ICSB)

1. AREAS OF REVIEW
The d-c power systems include those d-c power sources and their distribution systems and
vital supporting systems provided to supply motive or control power to safety-related
equipment. Batteries and battery chargers are used as the power sources for the d-c power
system, and inverters are used to convert d-c from the d-c distribution system to a-c
instrumentation power as required. Information on the d-c power system presented in the
applicant's safety analysis report (SAR) is reviewed by the staff to determine that the
d-c power system required for safe operation during all operating and accident conditions
meets the requirements of General Design Criteria (GOC) 17 and 18 and are consistent with
Regulatory Guide 1.32, applicable industry standards, and staff positions as listed in
Table 8-1. For construction permit (CP) applications the descriptive information presented
for the d-c power system should include commitments to meet the acceptance criteria listed
in Subsection II or adequate justification for exceptions taken, preliminary single
line diagrams illustrating the redundancy of d-c power supplier preliminary load
assignments, and preliminary physical arrangerent drawings illustrating the Independence
of redundant batteries and distribution circuits. For operating license (OL) appli-
cations, the descriptive information presented should include final single line
diagrams, electrical schematics, final physical arrangement drawings, and complete
load distribution diagrams, as are needed to determine that the d-c power system has
sufficient capacity and capability to meet its functional requirements and otherwise
satisfy the General Design Criteria.

The PSB will pursue the following phases in the review of the d-c power system:
1. The system is reviewed to determine that the required redundancy of components and sub-

systems is provided. This will require an examination of the d-c power system config-
uration including power supply feeders, load center arrangements, loads supplied from
each bus, and power connections to the instrumentation and control devices of the
system.
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2. In determining the adequacy of this system to meet the single failure criterion,
the electrical and physical separation of redundant power sources and associated
distribution systems are examined to assess the independence between redundant

portions of the system. This will include a review of the interconnections
between redundant buses, buses and loads, and buses and power supplies; proposed

sharing of the d-c power system between units at the same site; and the design
criteria and bases governing the installation of electrical cable for redundant

portions of the systems.

3. Design information and analyses demonstrating the suitability of batteries and

battery chargers as d-c power supplies are reviewed to assure that they have
sufficient capacity, capability, and reliability to perform their intended

functions. This will require an examination of the characteristics of each load;

the length of time each load is required; the combined load demand connected to

each battery or battery charger during the 'worst" operating condition; the

voltage recovering characteristics of the battery and battery chargers; and the
continuous and short term ratings for the battery and battery chargers.

In addition, where the proposed design provides for the connection of nonsafety-

related loads to the d-c power system and sharing of batteries and battery

chargers between units at the same site, particular review emphasis is given to

assuring against marginal capacity and degradation of reliability that may result

from implementing such design provisions.

4. The means proposed for identifying the d-c power system cables and cable trays as

safety-related equipment in the plant are reviewed. Also, the identification

scheme used to distinguish between redundant cables and raceways of the power
system is reviewed.

5. The instrumentation, control circuits, and power connections of vital supporting
systems are reviewed to determine that they are !designed to the same criteria as
those for the Class IE loads and power systems that they support. This will

include an examination of the vital supporting system component redundancy, power

feed assignment to instrumentation, control of loads, initiating circuits, load

characteristics, equipment identificationxscheme, and design criteria and bases
for the Installation of redundant cables.

6. Preoperational and initial start-up test programs and periodic onsite testing

capabilities are reviewed. The means proposed for automatically monitoring the
status of system operability are reviewed.

Rev. 38.3.2-2



7. Other areas of review associated with these systems which are covered elsewhere

are as follows:

a. Environmental design and qualification testing of electrical equipment are

addressed in SRP Section 3.11.

b. Technical specification requirements imposed upon the operation of the d-c

power system are discussed in Chapter 16 of the SAR. Assistance and consul-

tation on technical specifications for the d-c power system are provided in

accordance with the procedures stated in SRP Section 8.1.

The ASB will evaluate the adequacy of those auxiliary systems that are vital to the

proper operation and/or protection of the d-c power system. These include such

systems as the heating and ventilation systems for load center, battery, battery charger,

and inverter rooms, and fire detection and protection systems. In particular, the ASB

will determine that the piping, ducting, and valving arrangements of redundant vital

auxiliary supporting systems meet the single failure criterion. In addition, the ASB will

examine the physical arrangement of the d-c power system and its supporting auxiliary

system components and associated structures, except cables, to determine that single

events and accidents will not disable redundant features.

The CSB will identify those containment ventilation systems provided for maintaining a

controlled environment for safety-related electrical equipment located inside the

containment.

The MEB reviews the criteria for seismic qualification analyses, and the test and

analysis procedures and methods to assure the operability of instrumentation and

electrical equipment in the event of a seismic occurrence.

The RSB will identify any differences or changes in the safety related loads and

systems from those stated in the SAR that are needed to assure sufficient capacity.

The QAB will verify the adequacy of the quality assurance program for this system.

The ICSB will evaluate, on request, portions of the Class lE d-c systems Instrumen-

tation and control.

II. ACCEPTANCE CRITERIA

The d-c power system is acceptable if it can be concluded that this system has the

required redundancy, meets the single failure criterion, and has the capacity, capabil-

ity, and reliability to supply d-c power to all safety related loads required by the

accident analyses. Table 8-1 lists the criteria that are utilized as the bases for

arriving at this conclusion. In addition, the references include those evaluation

guides used by the reviewer as aids in ascertaining that the criteria have been met.

Subsection III discusses the applicationeof these evaluation guides to the review.

The application of most of the acceptance criteria to the areas of review described in

Subsection I is detailed below. The applicability of other criteria listed in

8.3.2-3 Rev. I



Table 8-1 but not specifically addressed above is considered to be self-evident, and

their application in the review process is considered self-explanatory.

1. System Redundancy Requirements

GDC 22, 33, 34, 35, 38, 41, and 44 set forth requirements with regard to safety-

related systems that must be supplied by the onsite (a-c and d-c) power systems.

Also, these criteria state that safety-related system redundancy shall be such

that for onsite power system operation (assuming preferred power is not available)

the system safety function can be accomplished assuming a single failure. The

acceptability of the onsite d-c power system with regard to redundancy is based

on conformance to the same degree of redundancy required of safety-related compo-

nents and systems required by these GOC.

2. Conformance with the Single Failure Criterion

As required by GOC 17, the d-c power system must be capable of performing its

safety function assuming a single failure. To meet this requirement, physical

and electrical independence between redundant portions of this system must be

maintained. An acceptable design in this regard must meet the requirements of

IEEE Std 308 and satisfy the positions of Regulatory Guide 1.6. To assure that

physical independence of redundant equipment, including cables and raceways, is

maintained in accordance with the requirements of GDC 2, 3, and 4, an acceptable

design arrangement should satisfy the requirements of IEEE Std 384 and the posi-

tions of Regulatory Guides 1.75 and ASB BTP 9.5-1.

3. Power Supplies and Distribution Systems
a. The capacity, capability, and reliability of the d-c power supplies and

distribution systems is acceptable if the basis for their selection satisfies

the requirements of IEEE Std 308.

b. Should the proposed design provide for sharing of the d-c power system

between units at the same site, the governing criteria stated in IEEE

Std 308 are not explicit enough to be used as the basis for acceptance.

Therefore, the acceptability of such a design is based on the design satis-

fying the recommendations of Regulatory Guide 1.81. This position sets

forth acceptable bases for implementing the requirements of GOC 5, "Sharing

of Structures, Systems, and Components."

c. Should the proposed design provide for the connection and disconnection of

nonsafety-related loads to and from the standby d-c power supplies, it

should conform to Regulatory Guide 1.75 with respect to the role isolation

devices play in this regard. The design must be such as to assure that the

interconnections and the added nonsafety-related loads will not compromise

the independence between redundant systems nor degrade either redundant

system below an acceptable level.

d. Regarding the design of thermal overload protection for motors of motor-

operated safety-related valves, the acceptability of the design is based on

Regulatory Guide 1.106.
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4. Identification of tables and Raceways

The method used for identifying d-c power system cables and raceways as safety-

related equipment in the plant, and the identification scheme used to distinguish

between redundant cables and raceways are acceptable if in accordance with Regula-

tory Guide 1.75.

5. Vital Supporting Systems

The instrumentation, controls, and electrical equipment for those supporting

systems identified as vital to the proper functioning of the safety-related

systems are acceptable if the design conforms to the same criteria as for the

safety-related systems supported.

6. System Testing and Surveillance

To assure that the preoperational and initial start-up test programs for the d-c

power system meet the requirements of GDC 1, they must be in accordance with

Regulatory Guides 1.68 and 1.41. To assure that the periodic onsite testing

capabilities satisfy the requirements of GDC 18, an acceptable testing program should

include the battery capacity tests described in Section 5 of IEEE Std 450 and the

positions of Regulatory Guide 1.118. With regard to surveillance of the d-c power

system operability status, an acceptable design should satisfy the positions of

Regulatory Guide 1.47.

7. Other Review Areas

For those areas of review identified Wn4Subsection I of this SRP as being the

responsibility of other branches, the acceptance criteria and their methods of

application are contained in the SRP sections corresponding to those branches.

However, there are some acceptance criteria that are commonly used by both primary

and secondary branches as the basis for determining that a design is acceptable.

For the d-c power system, these criteria and their application to the areas of

review are as follows:

a. Seismic Design Requirements

In determining the adequacy of the seismic design of Category I instrumenta-

tion and electrical equipment, both the MEB and PSB will perform reviews in

this regard to ascertain that the proposed design satisfies such standards

as IEEE Std 344, "Recommended Practices for Seismic Qualification of Class 1E

Equipment for Nuclear Power Generating Stations.'

b. Quality Assurance

To assure that the requirements of GOC I are met in the d-c power system,

the quality assurance program for the safety-related instrumentation and

electrical equipment must satisfy the requirements of IEEE Std 336, "Instal-

lation, Inspection, and Testing Requirements for Instrumentation and Electric

Equipment During the Construction of Nuclear Power Generating Stations," and

Regulatory Guide 1.30, 'Quality Assurance Requirements for the Installation,

Inspection, and Testing of Instrumentation and Electric Equipment." Both
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the QAB and PSB will perform reviews in this regard to ascertain that the

proposed quality assurance program is consistent with the acceptance criteria.

III. REVIEW PROCEDURES

The main objectives in the review of the d-c power system are to determine that this
system has the required redundancy, meets the single failure criterion, and has the
capacity, capability, and reliability to supply d-c power to all required safety-
related loads. In the CP review, the descriptive information, including the design
bases and their relation to the acceptance criteria, preliminary analyses, electrical
single line diagrams, functional logic diagrams, preliminary functional piping and
instrumentation diagrams (P&IDs), and preliminary physical arrangement drawings are
examined to determine that there is reasonable assurance that the final design will
meet these objectives. At the OL stage, these objectives are verified during the
review of final electrical schematics, functional P&LIDs, and physical arrangement
drawings and are confirmed during a visit to the site. To assure that these objectives

have been met in accordance with the requirements of the criteria, the review is
performed as detailed below.

In certain instances, it will be the reviewer's judgement that for a specific case
under review, emphasis should be placed on specific aspects of the design, while other
aspects of the design need not receive the same emphasis and in-depth review. Typical

reasons for such placement of emphasis are the introduction of new design features or

the utilization in the design of design features previously reviewed and found
acceptable.

In addition to the review procedures of the PSE, this section identifies those aspects

of the review that will be accomplished by the secondary review branches. Upon request
from the primary reviewer, the secondary review branches will provide input for the
areas of review stated in Subsection I. The primary reviewer obtains and uses such
input as required to assure that this review procedure is complete.

1. System Redundancy Requirements
Based on the information provided by the RSB with regard to the required redun-

dancy of safety-related components and systems (GOC 33, 34, 35, 38, 41, and 44),
the descriptive information including electrical single line diagrams (CP and OL

stages), functional P&IDs (CP and OL stages), and electrical schematics (OL

stage) is reviewed to verify that this redundancy is reflected in the d-c power

system with regard to both power sources and associated distribution systems.
Also, it is verified that redundant safety-related loads are distributed between
redundant distribution systems, and that the instrumentation and control devices

for the safety-related loads and power system are supplied from the related
redundant distribution systems.
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2. Cvnformance with the Sinale Failure Criterion

In evaluating the adequacy of this system to meet the single failure criterion

(GOt 17), both electrical and physical separation of redundant power sources and

distribution systems, including their connected loads, are reviewed to assess the

independence between redundant portions of the system.

To assure electrical independence, the design criteria, analyses, description,

and implementation as depicted on functional logic diagrams, electrical single

line diagrams, and electrical schematics are reviewed to determine that the

design meets the requirements set forth in IEEE Std 308 and satisfies the posi-

tions of Regulatory Guide 1.6. Additional guidance in evaluating this aspect of

the design is derived from IEEE Std 379, 'Guide for the Application of the

Single Failure Criterion to Nuclear Power Generating Station Protection Systems,"

as augmented by Regulatory Guide 1.53. Since IEEE Std 308 does not set forth

specific criteria governing the design of the circuits that initiate and control

d-c power, the reviewer utilizes IEEE Std 279, "Criteria for Protection Systems

-for Nuclear Power Generating Stations," as an evaluation guide to ascertain that

the designs of these circuits satisfy the basic single failure requirements of

protection systems. Other aspects of the design where special review attention

is given to ascertain that the electrical independence has not been compromised

are as follows:

The interconnections between redundant load centers through bus tie breakers

and multi-feeder breakers used to connect extra redundant loads to either of

the redundant distribution systems are examined to assure that no single

failure in the interconnections will cause the paralleling of the d-c

power supplies. To assure this, the control circuits of the bus tie breakers

or multi-feeder breakers must preclude automatic transferring of load centers

or loads from the designated supply to the redundant counterpart upon loss

of the designated supply (Position 4 of Regulatory Guide 1.6). Regarding

the interconnections through bus tie breakers, an acceptable design will

provide for two tie breakers connected in series and physically separated

from each other in accordance with the acceptance criteria for separation of

safety-related systems which is discussed below. Further, the interconnec-

tion of redundant load centers must be accomplished only manually.

To assure physical independence; the criteria governing the physical separa-

tion of redundant equipment including cables and cable trays, and their

implementation as depicted on preliminary (CP stage) or final (OL stage)

physical arrangement drawings are reviewed to determine that the design

arrangement satisfies the requirements of IEEE Std 384 and positions of

Regulatory Guides 1.75 and ASB BTP 9.5-1. These guides and standards set

forth acceptance criteria for the separation of circuits and electrical

equipment contained in or associated with the safety-related power system.

8.3.2-7 Rev. 1



In essence, the review objective is to determine that the design provides

for redundant portions of this system to be located in physically separated

seismic Category I structures (GOC 2). It is verified that each structure

has independent heating and ventilation (H&V) systems (including supply and

exhaust pipes or ducts) to assure against single events and accidents from

disabling redundant features (GDC 3, 4). The ASB has primary responsibility

in the review of the design arrangement of the Class lE systems and their

vital supporting systems, except for the cable design which is the responsi-

bility of the PSE. The ASE will also verify the adequacy of physical barriers

such as doors separating redundant portions of this system to assure that

events such as fire and flooding in one structure will not be propagated to

other redundant equipment structures (GOC 3, 4). To determine that the

independence of the redundant cable installation is consistent with the

requirements set forth in IEEE Std 384 and the position set forth in Regula-

tory Guide 1.75 and ASB BTP 9.5-1, the proposed design criteria governing

the separation of safety-related cables and raceways are reviewed including

such criteria as those for cable derating; raceway filling; cable routing in

c'ntainment penetration areas, cable spreading rooms, control rooms, and

other congested areas; sharing of raceways with nonsafety-related cables or

with cables of the same system or other systems; prohibiting cable splices

in raceways; spacing of power and-control wiring and components associated

with safety-related electric systems in control boards, panels, and relay

racks; and fire barriers and separation between redundant trays. With

regard to determining the adequacy of the physical independence of redundant

cables through penetration areas, the reviewer utilizes Regulatory Guides

1.75, 1.63, ASB BTP 9.5-1, and IEEE Std 317 as evaluation guides to ascertain

that the electric penetration assemblies are designed in accordance with the

requirements for safety-related equipment.

3. D-C Power Supplies and Distribution Systems

In assuring that the requirements of GOC 17 and IEEE Std 308 have been met with

regard to the d-c power system having sufficient capacity, capability, and

reliability to supply the required distribution system loads, the design bases,

design criteria, analyses, description, and implementation as depicted on elec-

trical drawings and performance characteristic curves are reviewed. To establish

that the capacity of the d-c supply is adequate to power the prescribed loads,

the nameplate capacity claimed in the design bases is checked against the loads

identified in electrical distribution diagrams. The capability of the system is

reviewed by evaluating the performance characteristic curves that illustrate the

response of the supplies to the most severe loading conditions at the plant. The

performance characteristic curves would include voltage profile curves, discharge

rate curves, and temperature effect curves. The reliability of the d-c supplies

should be assured by periodic discharge tests of the batteries as described in

IEEE Std 450 and Regulatory Guide 1.129.
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The reviewer first becomes familiar with the purpose and the operation of each

safety system, including system component arrangements is depicted on functional

P&!Ds, expected system performance as established in the accident analyses, modes

of system operation and interactions during normal and accident conditions, and

interactions between systems. Following this, it is verified that the tabulation

of all safety-related loads to be connected to each d-c supply is consistent with

the information provided by the RSB.

The characteristics of each load (such as motor horsepower and volt-amp ratings,

inrush current, starting volt-cmps and torque), the length of time each load is

required, and the basis used to establish the power required for each safety-

related load (such as motor name plate rating, pump run out condition, or esti-

mated load under expected flow and pressure) are utilized to verify the calcula-

tions establishing the combined load demand to be connected to each d-c supply

during the 'worst" operating conditions. In reviewing the design of the thermal

overload protection for motors of motor-operated safety-related valves, the

reviewer is guided by Regulatory Guide 1.106.

Where the proposed design provides for the sharing of d-c supplies between units

at the same site, and connection and disconnection of nonsafety-related loads to

and from the safety-related distribution buses, particular attention is given in

the review to assure that the implementation of such design provisions does not

compromise the capacity, capability, or reliability of these supplies.

In the absence of specific criteria in IEEE Std 308 governing the connection and

disconnection of nonsafety-related loads to and from the safety-related distribu-

tion buses, the review of the interconnections will consider isolation devices as

defined in Regulatory Guide 1.75 and engineering judgement to determine the

adequa..y of the design. In assuring that the interconnections between nonsafety-

related loads and safety-related buses will not result in the degradation of the

safety-related system, the isolation device through which d-c power is supplied

to the nonsafety-related load, including control circuits and connections to the

safety-related bus, must be designed to meet safety Class lE requirements.

Should the d-c power supplies not have been sized to accommodate the added

nonsafety-related loads during emergency conditions, the design must provide for

the automatic disconnection of those nonsafety-related loads upon detection of

the emergency condition. This action must be accomplished whether or not the

load was already connected to the power supply.

The description of the qualification test program (CP stage) and the results of

such tests (OL stage) for demonstrating the suitability of the batteries and

battery charger as d-c power supplies are judged to be acceptable if they satisfy

the acceptance criteria listed in Subsection 11.3 or Table 8-1.
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that the

review supports conclusions of the following type, to be Included in the staff's

Safety Evaluation Report:

"The d-c power system includes the batteries, battery chargers, and distribution

centers used to supply power to d-c operated safety-related equipment. The scope

of review of the d-c power system included single line diagrams (CP and OL),

schematic diagrams (OL), and descriptive information for the d-c power system and

for those auxiliary supporting systems that are essential to the operation of the

d-c power system. The review has included the applicant's proposed design cri-

teria and his analyses of the adequacy of those criteria and bases. The review

also has included the applicant's analyses of the manner in which the design of

the d-c power system conforms to the proposed design criteria. The basis for

acceptance in the staff review has been conformance of the applicant's design,

design criteria, and design bases for the d-c power system to the Commission's

regulations as set forth in the general design criteria, and to applicable regula-

tory guides, branch technical positions, and industry standards. These are

listed in Table 8-1.

"The staff concludes that the design of the d-c power system conforms to applic-

able regulations, guides, technical positions, and industry standards and is

acceptable."

V. REFERENCES

1. Table 8-1 of Standard Review Plan 8.1, "Electric Power - Introduction."

2. Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear

Power Plants."
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Appendix 8-A BRANCH TECHNICAL POSITIONS (PS8)ft

The PSB Branch Technical Positions (BTPs) represent guidelines intended to supplement the

acceptance criteria established in Commission Regulations and regulatory guides, and in

applicable IEEE standards. As technical problems or questions of interpretation arise in

the detailed reviews of plant designs, the staff must determine an acceptable resolution for

each such case to complete its review of a particular application. Where the same technical

problem or question of Interpretation arises in several cases, the staff's determination on

the point at issue is formalized in a BTP. The tTP is primarily an instruction to staff

reviewers that outlines an acceptable approach to the particular issue and ensures a uniform

treatment of the issue by staff reviewers. The approaches taken in the BTPs, like the

recommendations of regulatory guides, are not mandatory, but do provide defined, acceptable,

and immediate solutions to some of the technical problems and questions of interpretation

that arise in the review process. In some instances, regulatory guides may be developed

from BTPs after sufficient experience in their use has accumulated. All PS8 BTPs

applicable to Chapter 8 of the Standard Review Plan (except ICSB (PSB)-21) have been

included in this appendix for convenience. They are listed below:

BTP ICSB (PS8)

2

4

8

11
15
17

18

21 *

Branch Technical Positions of the PSB

Diesel-Generator Reliability Qualification Testing

Requirements on Motor-Operated Valves in the ECCS Accumulator Lines

Use of Diesel-Generator Sets for Peaking

Stability of Offsite Power Systems

Reactor Coolant Pump Breaker Qualification

Diesel-Generator Protective Trip Circuit Bypasses

Application of the Single Failure Criterion to Manually-Controlled

Electrically-Operated Valves

Guidance for Application of Regulatory Guide 1.47 (attached to Standard

Review Plan Appendix 7-A)

" These BTPs are formerly EICSB BTPs which are now in the area of review responsibility
of the Power Systems Branch (PSB). Their EICSB (now ICSB) number has been retained in

order to provide continuity and correlation with completed reviews.

**ICSB primary responsbility.

0
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BRANCH TECHNICAL POSITION ICSB 2 (PSS)

DIESEL-GENERATOR RELIABILITY QUALIFICATION TESTING 0

A. BACKGROUND
The increase in standby electrical generating capacity required for safety loads of the
current large water-cooled power reactors has caused several applicants to propose
standby power source designs using diesel-generators or diesel-generator configurations
not previously used. The staff concluded that qualification testing of these larger
capacity machines or configurations would be required to demonstrate a capability and
reliability at least equivalent to that of machines currently used for nuclear plant

standby applications.

The proposals of nonstandard diesel-generator arrangements for Sequoyah, Fort St. Vrain,
Hutchinson Island, and Fitzpatrick made it necessary to develop a consistent approach
for determining acceptability. Regulatory Guides 1.6 and 1.9 were utilized as the bases.

B. BRANCH TECHNICAL POSITION

A start and load reliability test program should be required for all diesel-generator

sets of a type or size not previously used as standby emergency power sources in nuclear
power plant service. The objective of this program should be to establish a 0.99
reliability for starting and accepting design load in the desired time. An acceptable

test program should include the following requirements:

1. At least two full-load and margin tests acceptable to the staff should be performed
on each diesel-generator set to demonstrate the start and load capability of the
units with some margin in excess of the design requirements. Proposed full-load
and margin testing should be evaluated on an individual case basis to take account
of the differences in unit design.

2. Prior to initial fuel loading, at least 300 valid start and load tests should be
performed with no more than three failures allowed. At least 90% of these start
tests shall be made from desion cold ambient conditions (design hot standby
conditions if standby temperature control system is provided) and 10% from design
hot equilibrium temperature conditions. This would include all valid tests
performed offsIte. A valid start and load test shall be defined as a start from
the specified temperature conditions with loading to at least 50% of continuous
rating within the required time intervals, and continued operation until
temperature equilibrium is attained.

3. A failure rate in excess of one per hundred should require fi-ther testing as well

as review of the system design adequacy.
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BRANCH TECHNICAL POSITION ICSB 4 (PSB)
REQUIREMENTS ON MOTOR-OPERATED VALVES IN THE ECCS ACCUMULATOR LINES

A. BACKGROUND
For many postulated loss-of-coolant accidents, the performance of the emergency core

cooling system (ECCS) in pressurized water reactor plants depends upon proper

functioning a' the safety injection tanks (also referred to as "accumulators" or
"flooding tanks" in some applications). In these plants, a motor-operated isolation
valve (MOIV) and two check valves are provided in series between each safety injection
tank and the reactor coolant (primary) system.

The MOIVs must be considered to be "operating bypasses" because, when closed, they

prevent the safety injection tanks from performing the intended protective function.
IEEE Std 279 has a requirement for "operating bypasses" which states that the bypasses
of a protective function will be removed automatically whenever permissive conditions

are not met. This Branch Technical Position provides specific guidance in meeting the
intent of IEEE Std 279 for safety injection tank MOIVs.

It should be noted that 8TP ICSB 18 (PS8), "Application of the Single Failure Criterion

to Manually-Controlled Electrically-Operated Valves," also applies to these isolation

valves and should be used in conjunction with this position.

B. BRANCH TECHNICAL POSITION

The following features should be incorporated in the design of MOIV systems for safety

injection tanks to meet the intent of IEEE Std 279:

1. Automatic opening of the valves when either primary coolant system pressure exceeds
a preselected value (to be specified in the technical specifications), or a safety
injection signal is present. Both primary coolant system pressure and safety
injection signals should be provided to the valve operator.

2. Visual indication in the control room of the open or closed status of the valve.

3. An audible and visual alarm, independent of item 2., above, that is actuated by a

sensor on the valve when the valve is not in the fully-open position.

4. Utilization of a safety injection signal to remove automatically (override) any
bypass feature that may be provided to allow an isolation valve to be closed for
short periods of time when the reactor coolant system is at pressure (in
accordance with provisions of the technical specifications).

C. REFERENCES

1. Arkansas 1, Unit 1, Safety Evaluation Report, January 23, 1973.
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2. IEEE Std 279, "Criteria for Protection Systems for Nuclear Power Generating

Stations., I

3. STP ICSB 18 (PSB), "Application of the Single Failure Criterion to

Manually-Controlled Electrically-Operated Valves."
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BRANCH TECHNICAL POSITION ICSB 8 (PSB)
USE OF DIESEL-GENERATOR SETS FOR PEAKING

A. BACKGROUND

General Design Criterion 17 requires that provisions be included to minimize the probabil-
ity of losing electric power from any of the remaining supplies as a result of, or

coincident with, loss of the main generator, loss of power from the grid, or loss of
standby power supplies. Additionally, IEEE Std 308 requires that the preferred (offsite)

and standby power supplies shall not have a common failure mode. Common failure mode
is defined as "a mechanism by which a single design basis event can cause redundant

equipment to be Inoperable." Although IEEE Std 308 does not preclude the use of emergency

diesels for nonsafety purposes, the staff concludes that the potential for common

failure modes should preclude interconnection of onsite and offsite power sources
except for short periods for the purpose of load testing.

Review of the use of emergency diesel-generator sets for peaking service leads to the
conclusion that the required frequent interconnection of the preferred and standby
power supplies increases the probability of their common failure.

B. BRANCH TECHNICAL POSITION

General Design Criterion 17 and IEEE Std 308 should be interpreted as prohibiting the

use of plant emergency power diesel-generator sets for purposes other than that of

supplying standby power when needed. In particular, emergency power diesel-generator
sets should not be used for peaking service.

C. REFERENCES

None.
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BRANCH TECHNICAL POSITION ICSB 11 (PSB)

STABILITY OF OFFSITE POWER SYSTEMS

A. BACKGROUND

The staff has traditionally required each applicant to perform stability studies for

the electrical transmission grid which would be used to provide the offsite power

sources to the plant. The basic requirement is that loss of the largest operating unit

on the grid will not result in loss of grid stability and availability of offsIte power

to the plant under consideration. In some cases, such as plants on the island of

Puerto Rico, the plant is connected to an isolated power system of limited generating

capacity. These kinds of isolated power systems are inherently less stable than

equivalent systems with supporting grid interties. It is also obvious that limited

systems are more vulnerable to natural disaiters such as tornadoes or hurricanes.

B. BRANCH TECHNICAL POSITION

1. The staff has concluded, from a review of appropriate reliability data, that power

systems with supporting grid interties meet the grid availability criterion with

some margin. This conclusion is applicable to the review of most plants located

on the U.S. mainland.

2. There is also strong indication that an isolated system large enough to justify

inclusion of a nuclear unit will also meet this criterion. However, as a

conservative approach, the staff will examine the available generating capacity of

a system, including Interties if available, to withstand outage of the largest

unit. If the available capacity is judged marginal to provide adequate stability

of the grid, additional measures should be taken. These may include provisions
for additional capability and margin for the onsite power system beyond the normal

requirements, or other measures as may be appropriate in a particular case. The
additional measures to be taken should be determined on an individual case basis.

C. REFERENCES

None.
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BRANCH TECHNICAL POSITION ICSB 15 (PSB)

REACTOR COOLANT PUMP BREAKER QUALIFICATION

A. BACKGROUND

An assumption usually made in accident analyses is that for complete loss of forced

reactor coolant flow (resulting from a failure of the main coolant pump power supply

that is presaged by an underfrequency condition), a reactor trip is initiated along

with disengaqement of the reactor coolant pumps from the power grid to assure that the

pumps' kinetic energy is available for flow coastdown. Therefore, unless the pump

breakers are Class lE and are housed in a seismic Category I structure, the required

disengagement of the pump motors from the power grid when it experiences the

underfrequency condition might not occur. It is the intent of this Branch Technical

Position to provide guidance in meeting this concern.

B. BRANCH TECHNICAL POSITION

1. If credit is taken for reactor coolant pump coastdown in the accident analyses,

the pump breakers must be qualified in accordance with the requirements of IEEE

Std 279 and IEEE Std 308. Further, they must be located in a seismic Category I

structure.

2. Any reactor pump system trip sensors associated with these breakers should meet

the requirements of IEEE Std 279, regardless of whether or not credit is taken for

pump coastdown. If credit is not taken for pump coastdown, the building or

structure housing these breakers does not have to be seismic Category I. It has

been tentatively established that unless the applicant can demonstrate by analysis

that an underfrequency rate of 15 Hz/sec will not prevent the pumps from

performing their coastdown function, the tripping of the reactor coolant pump

breakers will be considered a required safety action.

C. REFERENCES

1. Yogtle Safety Evaluation Report, December 18, 1973.

2. IEEE Std 279, "Criteria for Protection Systems for Nuclear Power Generating

Stations."

3. IEEE Std 308, "Criteria for Class lE Electric Systems for Nuclear Power

Generating Stations."
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BRANCH TECHNICAL POSITION ICSB 17 (PSB)

DIESEL-GENERATOR PROTECTIVE TRIP CIRCUIT BYPASSES

S A. BACKGROUND
Where protective trips are provided to protect the standby diesel-generators from

possible damage or degradation, these protective trips could interfere with the
successful functioning of the diesel-generators when they are most needed, i.e., during

an accident condition. In nuclear power plant applications, the criterion should be to

provide standby power when needed to mitigate the effects of an accident condition,

rather than to protect the diesel-generators from possible damage or degradation.

B. BRANCH TECHNICAL POSITION
1. The design of standby diesel generator systems should retain only the engine

overspeed and the generator differential trips and bypass all other trips under an

accident condition. All those trips that are bypassed for an accident condition

may be retained for tht diesel-generator routine tests. This concept will reduce

the probability of spurious trips during accident conditions and will also reduce

the exposure of the equipment to damage from malfunctions during routine tests.

2. The design should include capability for testing the status and operability of the

bypass circuits and should alarm abnormal values of all the bypassed parameters in

the control room.

3. If other trips, in addition to the engine overspeed and generator differential,

are retained for accident conditionrs, an acceptable design should provide two or
more independent measurements of each of these trip parameters. Trip logic should

be such that diesel-generator trip would require specific coincident logic.

4. The bypass circuitry for the diesel-generator protective trips should be designed

Jto meet the requirements of IEEE Std 279.

C. REFERENCES

1. SERs for St. Lucie Units 1 and 2 (operating license and construction permit).

2. SER for SWESSAR-Pl, Stone and Webster Corporation Standard Plant Design.

3. IEEE Std 279, 'Criteria for Protection Systems for Nuclear Power Generating

Stations.*
.4R
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BRANCH TECHNICAL POSITION ICSB 18 (PSB)

APPLICATION OF THE SINGLE FAILURE CRITERION TO MANUALLY-CONTROLLED
ELECTRICALLY-OPERATED VALVES

A. BACKGROUND

Where a single failure In an electrical system can result in loss of capability to
perform a safety function, the effect on plant safety must be evaluated. This is

necessary regardless of whether the loss of safety function is caused by a component
failing to perform a requisite mechanical motion, or by a component performing an
undesirable mechanical motion.

This position establishes the acceptability of disconnecting power to electrical components
of a fluid system as one means of designing against a single failure that might cause
an undesirable component action. These provisions are based on the assumption that the

component is then equivalent to a similar component that is not designed for electrical
operation, e.g., a valve that can be opened or closed only by direct manual operation

of the valve. They are also based on the assumption that no single failure can both
restore power to the electrical system and cause mechanical motion of the components

served by the electrical system. The validity of these assumptions should be verified

when applying this position.

B. BRANCH TECHNICAL POSITION

1. Failures in both the "fail to function" sense and the 'undesirable function" sense
of components in electrical systems including valves and other fluid system components

should be considered in designing against a single failure, even though the valve

or other fluid system component may not be called upon to function in a given

safety operational sequence.

2. Where it is determined that failure of an electrical system component can cause

undesired mechanical motion of a valve or other fluid system component and this

motion results in loss of the system safety function, it is acceptable, in lieu of

design changes that also may be acceptable, to disconnect power to the electric

systems of the valve or other fluid system component. The plant technical

specifications should include a list of all electrically-operated valves, and the

required positions of these valves, to which the requirement for removal of

electric power is applied in order to satisfy the single failure criterion.

3. Electrically-operated valves that are classified as "active' valves, i.e., are

required to open or close in various safety system operational sequences, but are

manually-controlled, should be operated from the main control room. Such valves

may not be included among those valves from which power is removed in order to

meet the single failure criterion unless: (a) electrical power can be restored to

the valves from the main control room, (b) valve operation is not necessary for at

least ten minutes following occurrence of the event requiring such operation, and ___
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(c) it is demonstrated that there is reasonable assurance that all necessary
operator actions will be performed within the time shown to be adequate by the

analysis. The plant technical specifications should include a list of the
required positions of manually-controlled, electrically-operated valves and should

identify those valves to which the requirement for removal of electric power is

applied in order to satisfy the single failure criterion.

4. When the single failure criterion is satisfied by removal of electrical power from
valves described in 2. and 3., above, these valves should have redundant position
indication in the main control room and the position indication system should,

itself, meet the single failure criterion.

5. The phrase "electrically-operated valves" includes both valves orerated directly

by an electrical device (e.g. , a motor-operated valve or a solenoid-operated

valve) and those valves operated indirectly by an electrical device (e.g., an

air-operated valve whose air supply is controlled by an electrical solenoid

valve).

C. REFERENCES

None.

.j. i>;]
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NUREG-75/087

At U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.1 NEW FUEL STORAGE

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Mechanical Engineering Branch (MEB
Structural Engireering Branch (SEB)
Materials Engineering Branch (MTEB
Core Performance Branch (CPB)
Radiological Assessment Branch (RAB)

1. AREAS OF REVIEW
Nuclear reactor plants include storage facilities for the storage of new fuel. The
quantity of new fuel to be stored varies from plant to plant, depending upon the specific
design of the plant and the individual refueling requirements. The safety function of the
storage facility is to maintain the new fuel in a subcritical array during all credible
storage conditions in accordance with General Design Criteria 2, 3, 4, 5, 61, 62, and 63.
The ASB reviews the new fuel storage facility design including the fuel assembly storage
racks and storage vault with respect to the following:

1. The quantity of fuel to be stored.

2. The design and arrangement of the storage racks for maintaining a subcritical
array during all storage conditions.

3. The degree of subcriticality, and the supporting analysis and associated
assumptions.

4. The effects of external loads and forces on the new fuel storage racks and vault
(e.g., safe shutdown earthquake, crane uplift forces).

S. The effects of sharing In multi-unit complexes, and failures of other plant
equipment close to the new fuel storage facility.

6. The use of applicable codes and standards are consistent with the assigned seismic
classification.

Secondary reviews are performed by other branches and the results used by the ASB to com-
plete the overall evaluations of the system. The secondary reviews are as follows: the

USNRC STANDARD REVIEW PLAN
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SEB determines the acceptability of the design analyses, procedures, and criteria used to

establish the ability of facility structures to withstand the effects of natural phenomena

such as the safe shutdown earthquake (SSE), the probable maximum flood (PMF), tornadoes

and tornado missiles. The MEB reviews the seismic qualification of components and confirms

that components and structures are designed In accordance with applicable codes and

standards. The MTEB verifies, upon request, the compatability of the materials of con-

struction with service conditions. The CPB verifies, upon request, that the Keff of

loaded storage racks is acceptable. The RAB reviews the adequacy of the radiation

monitoring system.

II. ACCEPTANCE CRITERIA

Acceptability of the new fuel storage facility design as described in the applicant's

safety analysis report (SAR) is based on specific general design criteria and regulatory

guides, and on independent calculations and staff judgments with respect to facility

functions and component selection. The design of the new fuel storage facility is accept-

able if the integrated design is in accordance with the following criteria:

1. General Design Criterion 2, as related to the ability of structures housing the

facility and the facility components to withstand the effects of natural

phenomena such as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 3, as related to protection against fire hazards.

3. General Design Criterion 4, with respect to structures housing the facility and

the facility components being capable of withstanding the effects of external

missiles and internally-generated missiles, pipe whip, and Jet impingement forces

associated with pipe breaks, such that safety functions will not be precluded.

4. General Design Criterion 5, as related to shared structures, systems and

components important to safety being capable of performing required safety

functions.

5. General Design Criterion Cl, as related to the facility design for fuel storage.

I
6. General Design Criterion 62, as related to the prevention of criticality by

physical systems or processes utilizing geometrically safe configurations.

7. General Design Criterion 63, as it relates to monitoring systems provided to

detect excessive radiation levels.

8. Regulatory Guide 1.29, as related to the seismic design classification of

facility components.

9. Fuel storage capacity and criticality limits as discussed in subsections 111.1

and 111.2 below.

Rev. 1 9.1.1-2
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For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) application review to

determine that the applicant's design criteria and bases and the preliminary design meet

the acceptance criteria given in subsection II. For operating license (OL) applications,

the review procedures and acceptance criteria are utilized to verify that the initial

design criteria and bases have been appropriately implemented in the final design as set

forth in the final safety analysis report. The review procedures given are for a typical

storage system. Any variance of the review, to adjust to a proposed unique design, is

such as to assure that the facility design conforms to the criteria in subsection II.

The reviewer selects and emphasizes material from this SRP section as may be appropriate

for a particular case.

I

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of revie stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

l. The quantity of new fuel to be stored onsite forms the basis for the design capacity

of the vault and the number of storage racks provided. The SAR is reviewed to deter-

mine that the facility description includes the storage capacity provided by the J
design. The SAR's for recent light water reactor applications have stated that

the storage space provided is consistent with the number of new fuel assemblies used

during the refueling cycle. In general, storage capacity for approximately one-thirdj

of a core is usually provided for each unit of a plant (e.g., 1/3 core for single

unit design and 2/3 core for a dual unit design).

2. The information provided in the SAR pertaining to criticality safety of the new fuel

storage facility is evaluated by CPB upon request. The facility design criteria,

safety evaluation, system description, and the layout drawings for the storage vault

and racks are reviewed to verify that:

a. Criticality information (including the associated assumptions and input param-

eters) in the SAR must show that the spacing between fuel assemblies in the

storage racks is sufficient to maintain the array, when fully loaded and flooded

with nonborated water, in a subcritical condition, i.e., Keff of less than about

0.95. Furthermore, the design of the new fuel storage racks will be such that

the Keff will not exceed 0.98 with fuel of the highest anticipated reactivity in

place assuming optimum moderation. Credit may be taken for neutron absorbing

materials.

b. The design is such that a fuel assembly cannot be Inserted anywhere in the racks

other than in the design locations and provisions for drainage are made in

the vault design.

9.1.1-3 Rev. I
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c. Failures of nonsafety-related systems or structures not designed to seismic

Category I criteria that are located in the vicinity of the new fuel storage
facility are reviewed to assure that they will not cause an increase in Keff
beyond the maximum allowable. The SAR description section, the general

arrangement and layout drawings, and the tabulation of seismic design classifica-

tions for structures and systems are reviewed and evaluated to assure that this
condition is met. A statement in the SAR establishing the above condition as

a design criterion is acceptable at the CP review stage.
d. Design calculations should show that the storage racks and the anchorages can

withstand the maximum uplift forces available from the crane without an increase

in Keff. A statement in the SAR that excessive forces cannot be applied due to

the design of the crane handling system is acceptable if justification is
presented. The evaluation procedures identified in SRP section 9.1.4 are used to

validate this statement.
e. The vault and racks have been designed to preclude damage from dropped heavy

objects. ,
f. Sharing of a storage facility in multi-unit plants does not result in any added

potential for increasing the Keff of the storage array.

3. The reviewer verifies that the safety function of the facility will be maintained,

as required, if the facility Is subjected to natural phenomena such as earthquakes,

tornadoes, hurricanes, and floods. In making this determination, the reviewer con-

siders the following points:

a. The facility design basis and criteria, and the component classification tables

presented in the SAR are reviewed to verify that the new fuel storage facility,

including the storage vault and racks, have been classified and will be designed

to seismic Category I requirements.
b. Tne essential portions of the new fuel racks and storage vault are reviewed to

verify that protection from the effects of floods, hurricanes, tornadoes, and
internally or externally generatedimissiles is provided. flood protection and
missile protection criteria are discussed in the appropriate 3.0 sections of the
SRP. The reviewer utilizes the procedures of those SRP sections, as appropriate,

to assure that the analyses presented are valid. A statement to the effect that

the storage will be located in a seismic Category I structure that is designed

to withstand the effects of tornado missiles and floods or that components of

the system will be located in individual rooms that will withstand the effects

of both flooding and missiles is an acceptable cop.iitment at the CP stage.

IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions of

the following type to be included in the staff's safety evaluation report:

The new fuel storage facility includes the fuel assembly storage racks, the concrete

storage vault that contains the storage racks, and auxiliary components. Based on

the review of the applicant's proposed design criteria, destgn bases and safety
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classification for tile new fuel storage facility regarding the provisions necessary

to maintain a suberitical array, the staff concludes that the design of the new fuel

storage facility and supporting systems is in conformance with the Comnission's

regulations as set forth in the General Design Criterion 2, 'Design Basps for the
Protection Against Natural Phenomena"; General Design Criterion 3, "Fire Protection";
General Design Criterion 4, "Environmental and Missile Design Bases"; General Design
Criterion 5, "Sharing of Structures, Systems, and Components"; General Design

Criterion 61, "Fuel Storage and Handling and Radioactivity Control"; General Design
Criterion 62, "Prevention of Criticality In Fuel Storage and Handling"; General Design
Criterion 63, "Monitoring Fuel Waste and Storage"; and meets the guidelines of Regula-

tory Guide 1.29, "Seismic Design Classification" and, therefore, is acceptable.

I
V. REFERENCES

1. 10 CFR Part 50, Appendix A, General

Against tIatufral Phenomena."

Design Criterion 2, "Design Bases for Protection

2. 10 CFR Part 50, Appendix A, General Design Criterion 3, "Fire Protection."

3. 10 CFR Part 50; Appendix A, General

Design Bases."

4. 10 CFR Part 50, Appendix A, General

Systems, and Components."

5. 10 CFR Part 50, Appendix A, General
and Radioactivity Control."

6. 10 CFR Part 50, Appendix A, General

in Fuel Storage and Handling."

7. 10 CFR Part 50, Appendix A, General
Storage."

Design Criterion 4, "Environmental and Missile

Design Criterion 5, "Sharing of Structures,

Design Criterion 61, "Fuel Storage and Handling

Design Criterion 62, "Prevention of Criticality

Design Criterion 63, "1onitoring Fuel Waste and

8. Regulatory Guide 1.29, "Seismic Design Classification."

0
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classification for the new fuel storage facility regarding the provisions necessary
to maintain a subcritical array, the staff concludes that the design of the new fuel

storage facility and supporting systems Is In conformance with the Commission's

regulations as set forth In the General Design Criterion 2, "Design Bases for the
Protection Against Natural Phenomena"; General Design Criterion 3, "Fire Protection";
General Design Criterion 4, "Environmental and Missile Design Bases"; General Design
Criterion 5, "Sharing of Structures, Systems, and Components"; General Design
Criterion 61, "Fuel Storage and Handling and Radioactivity Control"; General Design
Criterion 62, "Prevention of Criticality in Fuel Storage and Handling"; General Design
Criterion 63, "Monitoring Fuel Waste and Storage"; and meets the guidelines of Regula-

tory Guide 1.29, "Seismic Design Classification" and, therefore, is acceptable.

I
V. REFERENlCES

1. 10 CFR Part 50, Appendix A,

Against Hatural Phenomena."

General Design Criterion 2, "Design Bases for Protection

2. 10 CFR Part 50, Appendix A, General Design Criterion 3, "Fire Protection."

3. 10 CFR Part 50; Appendix A,

Design Bases."

4. 10 CFR Part 50, Appendix A,

Systems, and Components."

5. 10 CFR Part 50, Appendix A,

and Radioactivity Control."

General Design Criterion 4, "Environmental and Missile

General Design Criterion 5, "Sharing of Structures,

General Design Criterion 61, "Fuel Storage and Handling

6. 10 CFR Part 50, Appendix A, General Design Criterion 62, "Prevention of Criticality

in Fuel Storage and Handling."

7. 10 CFR Part 50, Appendix A, General
Storage."

Design Criterion 63, Ollonitoring Fuel Waste and

B. Regulatory Guide 1.29, "Seismic Design Classification."

I
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"' ' U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
4 OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.2 SPENT FUEL STORAGE

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Core Performance Branch (CPB)
Radiological Assessment Branch (RAB)

I. AREAS OF REVIEW

Nuclear reactor plants include storage facilities for the wet storage of spent fuel

assemblies. The safety function of the spent fuel pool and storage racks is to maintain

the spent fuel assemblies in a subcritical array during all credible storage conditions

and to provide a safe means for the confinement and cask loading of the assemblies.

The ASB reviews the spent fuel storage facility design including the spent fuel storage

racks, the spent fuel storage pool that contains the storage racks, the spent fuel pool

liner plate, and the associated equipment storage pits to assure conformance with the

requirements of General Design Criteria 2, 3, 4, 5, 61, 62. and 63. The cooling and

cleanup systems are reviewed independently id SRP Section 9.1.3.

1. The facility and components are reviewed with respect to the following:

a. The quantity of fuel to be stored.

b. The design and arrangement of the storage racks for maintaining a subcritical

array during all conditions.

c. The degree of subcriticality provided along with the analysis and associated

assumptions.

d. The effects of external loads and forces on the spent fuel storage racks, pool,

and liner plate (e.g., safe shutdown earthquake, crane uplift forces, missiles,

and dropped objects).

e. Design codes, materials compatibility, and shielding requirements.

f. The use of applicable codes and standards consistent with the assigned seismic
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2. The provisions to preclude dropping the spent fuel shipping cask into the pool are

reviewed separately in conjunction with the review of the cask loading pit area in

SRP Section 9.1.4.

3. The ASB review of the provisions for maintaining the pool level and cooling is dis-

cussed in conjunction with the spent fuel cooling system review in SRP

Section 9.1.3.

4. The applicant's proposed technical specifications are reviewed at the operating

license (OL) stage, as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the facility. The secondary reviews are as follows:

the SEB determines the acceptability of the design analyses, procedures, and criteria

used to establish the ability of structures housing the facility to withstand the effects

of natural phenomena such as the safe shutdown earthquake (SSE), the probable maximum

flood (PMF), tornados and tornado missiles. The MEB reviews the seismic qualification of

components in SRP Sections 3.9.2 and 3.10 and confirms that components and structures are

designed in accordance with applicable codes and standards in SRP Section 3.9.3. The

MTEB verifies, upon request, the compatibility of the materials of construction with

service conditions. The CPB verifies, upon request, that the keff of loaded storage

racks is acceptable. The RAB reviews the adequacy of the shielding design and the radi-

ation monitoring system.

II. ACCEPTANCE CRITERIA

Acceptability of the spent fuel storage facility design as described in the applicant's

safety analysis report (SAR) is based on specific general design criteria and regulatory

guides, and on independent calculations and staff judgments with respect to system func-

tions and component selection. The design of the spent fuel storage facility is

acceptable if the integrated design is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the facility and the

facility itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes,.and floods.

2. General Design Criterion 3, as related to protection against fire hazards.

3. General Design Criterion 4, as related to structures housing the facility and the

facility itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated with

pipe breaks, such that safety functions will not be precluded.

4. General Design Criterion 5, as related to shared structures, systems and components

important to safety being capable of performing required safety functions. A



5. General Design Criterion 61, as related to the facility design for fuel storage and

handling of radioactive materials.

0 6. General Design Criterion 62, as related to the prevention of criticality by physical

systems or processes utilizing geometrically safe configurations.

7. General Design Criterion 63, as it relates to monitoring systems provided to detect

conditions that could result in the loss of decay heat removal capabilities, to

detect excessive radiation levels, and to initiate appropriate safety actions.

8. Regulatory Guide 1.13, as it relates to the fuel handling and storage facility

design to prevent damage resulting from the SSE, to prevent loss of water from the

fuel pool that could uncover the fuel, and to protect the fuel from mechanical

damage.

9. Regulatory Guide 1.29, as related to the seismic design classification of facility

components.

10. Regulatory Guide 1.102, as related to the protection of structures, systems, and

components important to safety from the effects of flooding.

11. Regulatory Guide 1.115, as related to the protection of structures, systems, and

components important to safety from the effects of turbine missiles.

12. Regulatory Guide 1.117, as related to the protection of structures, systems, and

components important to safety from the effects of tornado missiles.

13. Fuel storage capacity and criticality limits as discussed in I11.1 and 111.2

below.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) application review to

determine that the design criteria and bases and the preliminary design meet the

acceptance criteria given in subsection II. For the review of the operating license (OL)

application, the review procedures and acceptance criteria will be utilized to verify

that the Initial design criteria and bases have been appropriately implemented in the

final design., The OL review includes verification that the content and intent of the

technical specifications prepared by the applicant are in agreement with requirements for

system testing, minimum performance, and surveillance developed as a result of the staff's

review.

9.1.2-3 Rev. 2



Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection 1. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

The review procedures given below are for a typical storage system. Any variance of the

review, to take account of a proposed unique design, will be such as to assure that the

facility design conforms to the criteria in suDsection IT. The reviewer selects and

emphasizes material from this SRP section as may be appropriate for a particular case.

1. The quantity of spent fuel to be stored onsite forms the basis for the design capacity

of the fuel pool and the number of storage racks provided. The SAR is reviewed to

determine that the design basis and facility description section has stated the

storage capacity provided by the design. The SARs for light water reactor applica-

tions have stated that the storage space provided is consistent with the maximum

number of spent fuel assemblies unloaded from the core during the refueling cycle

plus the fuel contained in a full core load (e.g., 1-1/3 core for a single unit

plant and 1-2/3 core for a dual unit facility). Recent light water reactor applica-

tions use high density storage racks to increase storage capacity because of an

increased demand on storage space for spent fuel assemblies. ASB reviews high

density storage on a case-by-case basis.

2. The information provided in the SAR pertaining to criticality safety of the spent

fuel storage facility is evaluated by CPB upon request. The facility design criteria,

safety evaluation, system description and the layout drawings for the spent fuel

pool and storage racks are reviewed to verify that:

a. Criticality information (including the associated assumptions and input

parameters) in the SAR must show that the center-to-center spacing between fuel

assemblies in the storage racks is sufficient to maintain the array, when fully

loaded and flooded with nonborated water, in a subcritical condition. A keff

of less than about 0.95 for this condition is acceptable.

b. The design of the storage racks is such that a fuel assembly cannot be inserted

anywhere other than in a design location.

c. Failures of nonsafety-related systems or structures not designed to seismic

Category I that are located in the vicinity of the spent fuel storage facility

are reviewed to assure that their failure will not cause an increase in Keff to

exceed the maximum allowable. The SAR description section, the general arrange-

ment and layout drawings, and the tabulation of seismic design classifications

for structures and systems are reviewed and evaluated to assue that this

condition is met. A statement in the SAR establishing the above condition as a

design criterion is acceptable at the CP review stage.
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d. Design calculations should show that the storage racks and the anchorages can

withstand the maximum uplift forces available from the crane without an increase

in keff or a decrease in pool water inventory. A statement in the SAR that

excessive forces cannot be applied due to the design of the crane handling

system is acceptable if justification is presented. The evaluation procedures
identified in SRP Section 9.1.4 are used to validate this statement.

e. The spent fuel storage pool and racks are designed to preclude damage from

dropped heavy objects.

f. Sharing of storage facilities in multi-unit plants will not increase the poten-

tial for the loss of pool water or decrease the degree of subcriticality

provided.

3. The reviewer verifies that the safety function of the facility will be maintained,

as required, if the facility is subjected to adverse natural phenomena such as

earthquakes, tornadoes, hurricanes, and floods. In making this determination, the

reviewer considers the following points:

a. The facility design basis and criteria and the component classification tables

are reviewed to verify that the spent fuel storage facility including the

storage pool, pool liner and racks have been classified and designed to seismic

Category I requirements. The ASB will accept a statement that the facility

will be designed and constructed as a seismic Category I system. (CP)

b. If the spent fuel pool liner plate will not be designed and constructed to

seismic Category I requirements, the spent fuel pool liner plate is reviewed to

verify that A o lr :z "o liner plate as a result of an SSE will not cause

any of the following:(l)

1. Significant releases of radioactivity due to mechanical damage to the

fuel;

2. Significant loss of water from the pool which could uncover the fuel and

lead to release of radioactivity due to heat-up;

(")The implementation of this item reflects current regulatory practice. The methods of
review described herein will be used in the evaluation of submittals for operating license
or construction permit applications docketed after November 17, 1977, which is based on the
first application to which this method was specifically applied. Implementation for
applications docketed prior to November 17, 1977 is not considered necessary since stresses
induced in the fuel pool liner plate welds due to an SSE will usually be well below the
maximum allowable stress levels and therefore liner failure is not considered a likely
event. Even In the event that a liner plate failed, it would not likely block the coolant
outlet of spent fuel assemblies completely and sufficient cooling of stored spent fuel
would be maintained. Therefore, the spent fuel pool liner plate seismic design is not
considered a significant safety issue and backfit is not required.

9.1.2-5 Rev. 2

WMMNNWNNWAW



3. Loss of ability to cool the fuel due to flow blockage caused by a portion

or one complete section of the liner plate falling on top of the fuel

racks;

4. Damage to safety-related equipment as a result of the pool leakage; and

S. Uncontrolled release of significant quantities or radioactive fluids to

the envi ons.

c. The essential portions of the spent fuel storage system are reviewed to verify

that protection from the effects of floods, hurricanes, tornadoes, and intern-

ally or externally generated missiles is provided. Flood protection and missile

protection criteria are discussed in sections of the SRP contained in Chapter 3.

The reviewer utilizes the procedures of those SRP sections, as appropriate, to

assure that the analyses presented are valid. ASS will accept a statement to

the effect that the storage facility is located in a seismic Category I struc-

ture that is tornado missile and flood protected.

4. The wet storage of spent fuel assemblies for safe handling also necessitates the

underwater transfer of spent fuel to a loading area for shipment in spent fuel

casks. The SAR is reviewed to verify that the design basis and facility description

section has stated that a separate spent fuel shipping cask loading area (pit) has

been provided adjacent to the spent fuel pool. The loading pit, by virtue of its

proximity to the spent fuel pool, is subjected to the same adverse environmental

phenomena. Accordingly, the reviewer verifies that the loading pit has been designed

so that the safety function of the integrated system will be maintained during these

environmental conditions. In addition, the reviewer verifies that the following are

included in the design:

a. An interconnecting canal between the fuel pool and the loading pit should be

provided to permit the underwater transfer of fuel to the shipping cask, with

provisions for isolating from the fuel ;pool. A statement in the SAR that these

elements are included in the design is acceptable. The reviewer uses engi-

neering judgment to assure himself that the means provided meet the stated

intent.

b. The SAR safety evaluations, results of design calculations, and the general

arrangement and layout drawings should show that the spent fuel loading pit has

been designed to withstand the loads from dropped heavy objects including the

shipping cask, and that the loading area is not an integral part of the storage

pool floor so that if a dropped object should breach the pit area, loss of fuel

pool water would not result in an unacceptable level. The review of cranes and

other elements of the fuel handling system to assure that the design of these

components minimizes the likelihood of dropping heavy loads is done under SRP

Section 9.1.4.
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IV. EVALUATION FINDINGS

The reviewer verifies that the Information provided and his review support conclusions

of the following type, to be included in the staff's safety evaluation report:

"The spent fuel storage facility includes the spent fuel storage racks, the spent

fuel storage pool that contains the storage racks, and the associated equipment

storage pits. Based on the review of the applicant's proposed design criteria,

design bases and safety classification for the spent fuel storage facility and the

provisions necessary to maintain a subcritical array, the staff concludes that the

design of the spent fuel storage facility and supporting systems is in conformance

with the Commission's regulations as set forth in General Design Criterion 2,

"Design Bases for the Protection Against Natural Phenomena," General Design

Criterion 3, "Fire Protection," General Design Criterion 4, "Environmental and

Missile Design Bases," General Design Criterion 5, "Sharing of Structures, Systems,

and Components," General Design Criterion 61, "Fuel Storage and Handling and Radio-

activity Control," General Design Criterion 62, "Prevention of Criticality in Fuel

Storage and Handling," General Design Crittrion 63, "Monitoring Fuel Waste and

Storage," and meets the guidelines of Regulatory Guide 1.13, 'Fuel Storage Facility

Design Basis," Regulatory Guide 1.29, "Seismic Design Classification," Regulatory

Guide 1.102, "Flood Protection for Nuclea- Power Plants," Regulatory Guide 1.115,

"Protection Against Low-Trajectory Turbine Missiles," and Regulatory Guide 1.117,

"Tornado Design Classif8:dtion." and, therefore, is acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 3, "Fire Protection."

3. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

4. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

5. 10 CFR Part 50, Appendix A, General Design Criterion 61, "Fuel Storage and Handling

and Radioactivity Control."

6. 10 CFR Part 50, Appendix A, General Design Criterion 62, "Prevention of Criticality

in Fuel Storage and Handling."

7. 10 CFR Part 50, Appendix A, General Design Criterion 63, "Monitoring Fuel and Waste

Storage."
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8. Regulatory Guide 1.13, 'Fuel Storage Facility Design Basis."

9. Regulatory Guide 1.29, "Seismic Design Classification."

10. Regulatory Guide 1.102, 'Flood Protection for Nuclear Power Plants."

11. Regulatory Guide 1.115, "Protection Against Low-Trajectory Turbine Missiles."

12. Regulatory Guide 1.117, 'Tornado Design Classification."
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U.S. NUCLEAR REGULATORY COMMISSION

NUREG-75/087

tV "aU.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.3 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM

REVIEW HESPONSIBILllIES

Prii.wry - Auxiliary and Power Conversion Systems Branch (APCSBJ

Secondary - Electrical, Instrumentation and Control Systems Branch (EICSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
Reactor Systems Branch (RSB)

1. AREAS OF REVIEW
All nuclear reactor plants include a spent fuel pool for the wet storage of spent fuel

assemblies. lhe methods used to provide cooling for the removal of decay heat from the

stored assemblies vary from plant to plant depending upon the individual design. The
safety function to be performed by the system in all cases remains the same; that is, the
spent fuel assemblies must be cooled and must remain covered with water during all storage
conditions. Other functions performed by the system, not related to afety, include water

cleanup for the spent fuel pool, refueling canal, refueling water storage tank and other
equipment storage pools; means for filling and draining the refueling canal and other

storage pools; and surface skimming to provide clear water in the storage pool.

The APCSB review of the spent fuel pool cooling and cleanup system covers the system

from inlet to and exit from the storage pool and pits, the seismic Category I water source
and piping used for fuel pool makeup, the cleanup system filter-demineralizers and the
regenerative process to the point of discharge to the radwaste system.

1. The capability of the spent fuel pool cooling and cleanup system to provide adequate

cooling to the spent fuel during all operating conditions is reviewed including
the following considerations:
a. The quantity of fuel to be cooled, including the corresponding requirements for

continuous cooling during normal, abnormal, and accident conditions.

b. The ability of the system to maintain pool water levels.
c. The ability to provide alternate cooling capability and the associated time

required for operation.
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d. Provisions to provide adequate make-up to the pool.

e. Provisions to preclude loss of function resulting from single active failures

or failures of non-safety-related components or systems.

f. The means provided for the detection and isolation of system components that

could develop leaks or failures.
g. The instrumentation provided for initiating appropriate safety actions.
h. The ability of the system to maitftain uniform pool water temperature conditions

and minimize corrosion products, fission products, and impurities in the water.

The applicant's proposed technical specifications are reviewed for operating license

applications as they relate to areas covered in this review plan.

Secondary reviews are performed by other branches and the results used by the APCSB
to complete the overall evaluation of the system. The secondary reviews are as follows:

The SEB determines the acceptability of the design analyzes, procedures, and criteria

used to establish the ability of structures housing the system and supporting systems to

withstand the effects of natural phenomena such as the safe shutdown earthquake (SSE), the

probable maximum flood (PMF), and tornado missiles. The MEB reviews the seismic

qualification of components and confirms that the system is designed in accordance with

applicable codes and standards. The RSB determines that the assigned seismic and

quality group classifications for the system components are acceptable. The MTEB verifies

that inservice inspection requirements are met for system components and upon request,

verifies the compatability of the materials of construction with service conditions. The

EICSB upon request, determines the adequacy of the design, installation, inspection, and

testing of all essential electrical components required for proper operation.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the spent fuel pool cooling and cleanup system, as described
in the applicant's safety analysis report (SAR), including related sections of Chapters 2
and 3 of the SAR is based on specific general design criteria and regulatory guides, and
on independent calculations and staff judgments with respect to system functions and com-
ponent selection. Listed below are specific criteria related to the spent fuel pool
cooling and cleanup systems.

1. The design of the spent fuel pool cooling and cleanup system is acceptable if the
integrated design is in accordance with the following criteria:

a. General Design Criterion 2, as related to structures housing the system and

the system itself being capable of withstanding the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, and floods, as established in
Chapters 2 and 3 of the SAR.

b. General Design Criterion 4, with respect to structures housing the systems and
the system being capable of withstanding the effects of external missiles and
internally generated missiles, pipe whip, and Jet Impingement forces associated
with pipe breaks.
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c. General Design Criterion 5, as related to shared systems and components important

to safety being capable of performing required safety functions.

d. General Design Criterion 44, to include:

(1) The capability to transfer heat loads from safety-related structures,
systems, and components to a heat sink under both normal operating and
accident conditions.

(2) Suitable redundancy of components so that safety functions can be performed

assuming a single active failure of a component coincident with the loss
of all offsite power.

(3) The capability to isolate components, systems, or piping, if required, so

that the system safety function will not be compromised.

e. General Design Criterion 45, as related to the design provisions to permit

periodic inspection of safety-related components and equipment.

f. General Design Criterion 46, as related to the design provisions to permit

operational functional testing of safety-related systems or components to

assure structural integrity and system leak tightness, operability, and adequate

performance of active system components, and the capability of the integrated

system to perform required functions during normal, shutdown, and accident

situations.
g. General Design Criterion 61, as related to the system design for fuel storage

and handling of radioactive materials, including the following elements:

(1) The capability for periodic testing of components important to safety.

(2) Provisions for containment.

(3) Provisions for decay heat removal.

h. The capability to prevent reduction in fuel storage coolant inventory under

accident conditions.
I. General Design Criterion 63, as it relates to monitoring systems provided to

detect conditions that could result in the loss of decay heat removal, to detect

excessive radiation levels, and to initiate appropriate safety actions.

J. Regulatory Guide 1.13, as it relates to the system design to prevent damage

resulting from the SSE.
k. Regulatory Guide 1.26 as it relates to quality group classification of the system

and its components.
1. Regulatory Guide 1.29, as related to the seismic design classification of system

components.
m. Branch Technical Position APCSB 3-1, as it relates to breaks in high and

moderate energy piping systems outside containment.

An additional basis for determining the acceptability of the spent fuel pool cooling and

cleanup system is the degree of similarity of the design with that for previously

reviewed plants with satisfactory operating experience.

9.1.3-3
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III. REVIEW PROCEDURES

The procedures set forth below are used during the construction permit (CP) application

review to determine that the design criteria and bases and the preliminary design as set

forth in the preliminary safety analysis report meet the acceptance criteria given in 0
Section II of this review plan. For the review of operating license (OL) applications,

the review procedures and acceptance criteria and bases have been appropriately implemented

in the final design as set forth in the final safety analysis report. The review procedures

for OL applications include a determination that the content and intent of the technical

specifications prepared by the applicant are in agreement with the requirements for system

testing, minimum performance, and surveillance developed as a result of the staff's review.

The review procedures given below are for attypical system. Any variance of the review, to

take account of a proposed unique design, will be such as to assure that the system meets

the criteria of Section II. In the review, the spent fuel pool cooling and cleanup system

is evaluated with respect to its capability to perform the necessary safety functions

during all conditions, including normal operation and refueling, abnormal storage conditions,

and accident conditions.

1. The safety function of the system for refueling and normal operations is identified by

reviewing the information provided in the SAR pertaining to the design bases and criteria

and the safety evaluation section. The SAR section on the system functional performance

requirements is also reviewed to determine that it describes the minimum system heat

transfer and system flow requirements for normal plant operation, component operational

degradation requirements (i.e., pump leakage, etc.) and describes the procedures that

will be followed to detect and correct these conditions should degradation become exces-

sive. The reviewer, using failure modes and effects analyses, determines that the

system Ii capable of sustaining the loss of any active component and evaluates, on the

basis of previously approved systems or independent calculations, that the minimum system

requirements (cooling load and flow) are met for these failure conditions. The system

piping and instrumentation diagrams (P&IDs), layout drawings, and component descriptions

are then reviewed for the following points:

a. Essential portions of the system are correctly identified and are isolable from

the nonessential portions of the system. The P&IDs are reviewed to verify that

they clearly indicate the physical division between each portion and indicate

required classification changes. System drawings are also reviewed to see that

they show the means for accomplishing isolation and the system description is

reviewed to identify minimum performance requirements for the isolation valves.

For the typical system, the drawings and description are reviewed to verify that

automatically operated isolation valves separate nonessential portions and compo-

nents from the essential portions.

b. Heat exchangers, pumps, valves and piping for the cooling portion of the system

are designed to quality group and seismic Category I requirements in accordance with

applicable criteria, as described in the system design bases and criteria, and the

component classification tables. The APCSB will accept a statement that the system

will be designed and constructed as a seismic category I system.
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c. The stated quantity of fuel to be cooled by the spent fuel cooling system is con-

sistent with the quantity of fuel stored, as stated In Section 9.1.2 of the SAR.

d. For the maximum heat load with normal cooling systems in operation the temperature

of the pool should be kept at or below 140°F and the liquid level in the pool is

maintained. The associated parameters for the decay heat load of the fuel assem-

blies, the temperature of the pool water, and the heatup time or rate of pool

temperature rise for the stated storage conditions are reviewed on the basis of

independent analyses or comparative analyses of pool conditions that have been

previously found acceptable.

e. The ipent fuel pool and cooling systems have been designed so that in the event of

failure of inlets, outlets, piping, or drains, the pool level will not be in-

advertently drained below a point approximately 10 feet above the top of the active

fuel. Pipes or external lines extending into the pool that are equipped with siphon

breakers, check valves, or other devices to prevent drainage are acceptable as a

means of implementing this requirement.

f. A seismic Category I makeup system and an appropriate backup method to add coolant

to the spent fuel pool are provided. The APCSB evaluates the component seismic

classification table to assure that the primary makeup system is designed as a

seismic Category I system. The secondary (backup) system need not be a permanently

installed system, nor Category I, but must take water from a Category I source.

Engineering judgment and comparison with plants of similar design are used to deter-

mine that the makeup capacities and the time required to make associated hookups

are consistent with heatup times or expected leakage from structural damage.

S. Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It will be accept-

able if the SAR information delineates a testing and inspection program and if the

system drawings show the necessary test recirculation loops around pumps or isola-

tion valves that would be required by this program.

2. The review verifies that the system has been designed so that system functions will

be maintained, as required, in the event of adverse natural phenomena such as earth-

quakes, tornadoes, hurricanes, and floods. The reviewer evaluates the system, using

engineering Judgment and the results of failure modes and effects analyses to determine

the following:

a. The failure of portions of the system, or of other systems not designed to seismic

Category I standards systems and located close to essential portions of the system,

or of non-seismic Category I structures that house, support, or are close to

essential portions of the pool and cooling system, will not preclude essential

functions. Reference to SAR Chapter 2, describing site features and the general

arrangement and layout drawings, will be necessary as well as to the SAR tab-

ulation of seismic design classifications for structures and systems. Statements

in the SAR to the effect that the above conditions are met are acceptable. (CP)

b. The essential portions of the spent fuel pool cooling system are protected from

the effects of floods, hurricanes, tornadoes, and internally or externally gener-

ated missiles. Flood projection and missile protection criteria are discussed

and evaluated in detail under the standard review plans for Chapter 3 of the SAR.
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The reviewer utilizes the procedures identified in these plans to assure that

the analyses presented are valid. A statement to the effect that the system is

located in a seismic Category I structure that is tornado missile and flood pro-

tected, or that components of the system will be located in individual cubicles or

rooms that will withstand the effects of both.flooding and missiles is acceptable.

The location and design of the system, structures, and pump rooms (cubicles) are

reviewed to determine that the degree of protection provided is adequate.

3. The system design information and drawings are analyzed to assure that the following

features will be incorporated. A statement that these features will be included in

the design by some appropriate means is a basis for acceptance. (CP)

a. A leakage detection system is provided to detect component or system leakage. An

adequate means for implementing this requirement is to provide sumps or drains with

adequate capacity and appropriate alarms in the immediate area of the system.

b. Components and headers of the system are designed to provide individual isolation

capabilities to assure system function, control system leakage, and allow system

maintenance.

c. Design provisions are made to assure the capability to detect leakage of radio-

activity or chemical contamination from one system to another and to preclude

long-term corrosion, organic fouling, or the spreading of radioactivity. Radio-

activity monitors and conductivity monitors located in the system discharge lines

are acceptable means for implementing this requirement.

4. The essential portions of the system must be protected from the effects of high and

moderate energy line breaks. Layout drawings are reviewed to assure that no high or

moderate energy piping systems are close to essential portions of the system, or that

protection from the effects of failure will be provided. The means of providing such

protection will be given in Section 3.6 of the SAR, and the procedures for reviewing

this information are given in the corresponding review plans.

5. The SAR descriptive information, P&IDs, layout drawings, and system analyses are re-

viewed to assure that essential portions of the system will function following design

basis accidents, assuming a concurrent single active component failure. The reviewer

evaluates failure mode and effects analyses presented in the SAR to assure function

of required components, trace the availability of these components on system drawings,

and check that minimum system flow, makeup, and heat transfer requirements are met for

each degraded situation over the required time spans. For each case the design will

be acceptable if minimum system requirements are met.

6. The spent fuel pool cleanup system and various auxiliary systems are designated as

non-safety-related systems and are designed accordingly (non-seismic Category I).

These systems are evaluated to assure that their failure cannot affect the functional

performance of any safety-related system or component. The relationship and proximity

between the non-safety system and safety-related systems or components are determined

by reviewing the integrated structure and component layout diagrams. Independent

analyses, engineering Judgement, and comparis..,s with previously approved systems
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are used to verify that where a non-safety-related system interconnects or interfaces

with the cooling system, its failure by any event or malfunction will not preclude

adequate functional performance of the cooling system.

7. The cleanup system is also reviewed to assure that it has been designed with the capa-
bility to maintain acceptable pool water conditions. The P&IDs and associated in-

formation provided in the SAR is reviewed to verify the following:

a. A means has been provided for mixing to produce a uniform temperature through-

out the pool.

b. The cleanup components have the capacity and capability to remove corrosion

products, fission products, and impurities so that water clarity and quality

will enable safe operating conditions in the pool.

c. The capability for processing the refueling canal coolant during refueling opera-

tions has been provided.

d. Provisions to preclude the inadvertent transfer of spent filter and demineralized

media to any place other than the radwaste facility have been provided.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety evaluation

report:

"The spent fuel pool cooling and cleanup system includes all components and piping

of the system from inlet to and exit from the storage pool and pits, the seismic

Category I water source and piping used for fuel pool wakeup, the cleanup system

filter-deminerlizers and the regenerative process to the point of discharge to the

radwaste system. The scope of review of the spent fuel pool cooling and cleanup

system for the plant included layout drawings, process flow

diagrams, piping and instrumentation diagrams, and descriptive information for the

system and the supporting systems that are essential to safe operation. [The review

has determined the adequacy of the applicant's proposed design criteria and design

bases for the spent fuel pool cooling and cleanup system regarding the requirements

for continuous cooling during normal, abnormal, and accident conditions. (CP)] [The

review has determined that the applicant's analysis of the design of the spent fuel

pool cooling and cleanup systems and supporting systems is in conformance with the

design criteria and design bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's

designs, design criteria, and design bases for the spent fuel pool cooling and cleanup

systems and its supporting systems to the Comnission's regulations as set forth in the

general design criteria, and to applicable regulatory guides, b-anch technical positions,

and industry standards.

"The staff concludes that the design of the spent fuel pool cooling and cleanup system

conforms to all applicable regulations, guides, staff positions, and industry standards

and is acceptable.-
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.4 FUEL HANDLING SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Structural Engineering Branch (SEB)
Mechdnical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
instrumentation and Control Systems Branch (ICSB)
Radiological Assessment Branch (RAR)
Power Systems Branch (PSB)

I. AREAS OF REVIEW

The ASB reviews the fuel handling system (FHS) consisting of all components and equipment

used in moving fuel from the receiving of the new fuel through the shipping of the spent

fuel from the plant site to assure conformance with the requirements of General Design

Criteria 2 and 5. The design layout, which shows the functional geometric layout of the

handling equipment, including the areas of movement over and around the fixed locations

of safety-related facilities during fuel handling, is reviewed to determine that the

various handling operations can be performed safely. The main emphasis in the fHS review

is on critical load handling in which inadvertent operations or equipment malfunctions,

either separately or in combination, could cause a release of radioactivity or prevent

* safe shutdown of the reactor.

1. The ASB reviews the transporting, hoisting, and rigging operations in the fuel han- I
dling system as to methods, selection of handling equipment, and safety devices.

2. The ASB reviews the design of the FHS.With respect to the following aspects of

Individual components and the integrated system:

a. Performance and load handling requirements specified for equipment.

b. Handling control features.

c. The methods and equipment for transferring fuel assemblies from the reactor

core to the storage location.

d. The methods and equipment for transferring stored fuel to the spent fuel shipping

cask.

USNRC STANDARD REVIEW PLAN
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e. Design codes and standards used for the handling and transportation mechanisms.

The applicant's proposed technical specifications are reviewed for operating license

applications, as they relate to areas covered in this SRP section.

Secondary reviews will be performed by other branches where necessary and as requested by

ASB to complete the overall evaluation of the FHS. The secondary reviews are as follows. I

The SEB will determine the acceptability of the design analyses, procedures, and criteria

used to establish the ability of seismic Category I structures housing the system and

supporting systems to withstand the effects of natural phenomena such as a safe shutdown

earthquake (SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will

review the seismic qualification testing and operability of components and confirm that

t..e components, piping, and structures are designed in accordance with applicable codes

and standards. The MTEB will verify that inservice inspection requirements are met for

system components and, upon request, will verify the compatibility of the materials of

construction with service conditions, rhe ICSB and PSB will determine the adequacy of

the design, installation, inspection, and testing of all essential electrical components

(sensing, control, and power). The RAB reviews the design of the fuel handling system

and the spent fuel transfer process to determine whether occupational radiation exposures

during spent fuel handling will be as low as practicable.

II. ACCEPTANCE CRITERIA

Acceptability of the FHS design, as described in the applicant's safety analysis report

(SAR) including related sections of Chapters 2 and 3 of the SAR, is based on specific

general design criteria, regulatory guides, and safety standards and engineering codes.

Listed below are specific criteria as they relate to the FHS.

The FHS is acceptable if the integrated design of the structural, mechanical, and

electrical elements, the manual and automatic operating controls, and the safety devices

provide adequate system control for the specific procedures of handling operations, if

the redundancy and diversity needed to protect against malfunctions or failures are

provided, dnd if the design conforms to the following criteria:

1. General Design Criterion 2, as related to the ability of structures, equipment, and

mechanisms to withstand the effects of natural phenomena such as earthquakes,

tornadoes, floods, and hurricanes.

2. General Design Criterion 5, as related to the capability of shared equipment and

components important to safety.

3. Regulatory Guide 1.29, as related to the seismic design classification of components.

4. ANSI standards for components, machinery, and subsystems.

0P
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5. Engineering society design standards, codes, or industry standard specifications

applicable to the selection of components and subsystems.

6. Branch Technical Position ASB 9-1, as related to:

a. Cranes whose purpose is to handle heavy loads such as the reactor vessel head

or the vessel internals should be designed so that the dropped load will not

result in unacceptable damage to the reactor vessel, to the fuel contained

within the vessel, or to essential components located under the equipment

handling pathway. If the impact of dropped loads could cause damage to safety-

related components or could result in the release of radioactive materials,

then the crane should be designed (including associated rigging and connections

to the load) to be single failure-proof" so that the load could not fall in

the event of a single failure.

b. Cranes used for handling the spent fuel cask should be designed so that movement

over spent fuel is prohibited. The consequences of a load drop should not

cause fuel damage, affect the ability of the plant to be shut down, or result

in the release of significant amounts of radioactive materials.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

S III. REVIEW PROCEDURES

The fuel handling system provides for handling of fuel assemblies, spent fuel casks, and

other critical loads. The general objective of the review is to confirm that the FHS

design precludes system malfunctions or failures that would prevent safe shutdown of the

reactor or cause a release of radioactivity. There are variations in the designs of

proposed handling systems; hence, there will beivariations in system requirements and the

type and number of critical loads to be handled. For the purpose of this review, the FHS

is assumed to include the crane used to handle heavy loads inside containment and the

crane used to handle the spent fuel cask.

The procedures listed here are used in the construction permit (CP) review to determine

that the FHS design criteria and bases and the preliminary FHS design described in the

SAR meet the acceptance criteria given in subsection II. For operating license (OL)

reviews the procedures are used to verify that the design criteria and bases have been

appropriately implemented in the FHS final design.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

The reviewer will select and emphasize material 'from this SRP section, as may be appro-

priate for a particular case.
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1. The system performance requirements for the FHS are reviewed to determine that they

cover the handling system concept used in the design, and describe the component and

subsystem functions within the integrated system. The performance requirements

should also define any degradation considered for components and describe the

procedures that are followed to detect and correct degraded conditions.

2. The performance specifications required as part of the design and described in the

SAR are reviewed to determine that the design, material selection, manufacturing,

installation, testing, and operating procedures are in accordance with state-of-the-

art practice. The reviewer verifies that the consensus standards, engineering

codes, and industrial or mar.ufacturing association standards selected and used are

adequate and appropriate for the FHS.

3. Crane information presented in the SAR is reviewed to determine that the specific

arrangement of the system and subsystems and the load handling paths to be used are

described with respect to locations of essential equipment. The reviewer determines

that the fuel cask will not be transported over spent fuel or safety-related equip-

ment. For overhead cranes and other lifting devices with load limitations or that

are separated from essential equipment, the reviewer covers the following points:

a. The size, shape, and dimensions of the potentially most damaging load (the load

which, if dropped by the crane, will cause the most damage), its weight and

center of gravity, lifting points, stability, and handling speeds, are compared

with the performance specifications to determine the compatibility of the

design with load handling and movement requirements. The reviewer uses the

requirements of codes and standards and, if required, performs an independent

analysis to determine acceptability of the system.

b. The instrumentation and control system, including the limit and safety devices

provided for automatic and manual operation for both normal and emergency

conditions, that are required to operate to maintain safety in the event of a

failure of the system, are reviewed.; The results of failure modes and effects

analyses are used by the reviewer to determine that the control system adequately

limits loads or limits crane load movement, assuming a single failure, without

affecting the function of essential equipment or causing the release of

radioactivity.

c. The description of operating and test procedures presented in the SAR is reviewed

to determine that load proof-testing, design-rated load testing, nondestructive

testing, preventative checks, and examinations of hookup are in accordance with

the requirements of the safety standards set forth in ANSI standards.

4. For cranes that have been designed to be single failure-proof, the reviewer determIesj

that the design conforms to Branch Technical Position ASS 9-1.
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5. The information presented in the SAR for the fuel handling equipment, including the

equipment storage areas, is reviewed to determine that a seismic event cannot result
in damage to spent fuel or essential equipment.

6. The fuel transfer carriage design is reviewed to determine the means of preventing
damage to fuel assemblies due to movement of the carriage when the "upender" is in

the vertical position.

7. The review for OL applications includes a determination that the content and intent

of the technical specifications are in agreement with the requirements for system

testing, minimum performance, and surveillance developed as a result of the staff's

review.

IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions of

the following type, to be Included in the staff's safety evaluation report:

"The fuel handling system Includes all components and equipment used in moving fuel

from the receiving of new fuel to the shipping of spent fuel from the plant site.

Based on the review of the applicant's proposed design criteria and design bases for

the FHS, and the requirements for safe operation of the FHS, the staff concludes

that the design of the FHS and supporting systems is in conformance with the

Commission's regulations as set forth in General Design Criterion 2, "Design Bases

for the Protection Against Natural Phenomena," General Design Criterion 5. "Sharing

of Structures, Systems, and Components," and meets the guidelines in Regulatory

Guide 1.29, "Seismic Design Classification," and Branch Technical Position ASB 9-1,

"Overhead Handling Systems for Nuclear Power Plants," and therefore is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems and Components."

3. Regulatory Guide 1.29, 'Seismic Design Classification."

4. Branch Technical Position ASB 9-1, "Overhead Handling Systems for Nuclear Power

Plants," attached to this SRP section.
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BRANCH TECHNICAL POSITION ASB 9-1

OVERHEAD HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS

A. BACKGROUND

Overhead handling systems are used for handling heavy items at ntclear power plants. The

handling of heavy loads such as a spent fuel cask raises the poss ility of damage to the

load lad to safety-related equipment or structures under and adjacent to the path on

which it is transported should the handling system suffer a breakdown or malfunction.

Two methods are used In nuclear power plants to prevent damage to safety features or

release of radioactive material due to dropping of heavy loads. One is protection by

physical design of the facility to preclude damage to spent fuel and safety-related

systems if a heavy load should be dropped. The other is to provide an overhead handling

system that is designed so that a connected load would not fall in the event of a failure

or malfunction. The following options are considered acceptable for design of fuel

handling systems:

1. Overhead handling systems used to handle the spent fuel cask should be designed such

that travel directly over spent fuel storage or safety-related equipment is not

possible, and verified by analysis that the physical structure under all cask handling

pathways will be adequately designed so that unacceptable damage to spent fuel

storage facility or safety-related equipment will not occur in the event of a load

drop.

2. Overhead handling systems used to handle heavy loads inside containment that have

been designed (including associated rigging and connections to the load) to meet the

single failure criterion need not have their path of travel restricted.

3. Overhead handling systems used to handle heavy loads inside containment need not be

single failure-proor if by analysis it can be shown that the consequences of a load

drop would not affect the ability of the plant to be shut down or not result in the

release of significant amounts of radioactive material.

An overhead handling system includes all the structural, mechanical, and electrical

components that are needed to lift and transfer a load from one location to another.

Primary load-bearing components, equipment, and subsystems sich as the driving equipment,

drum, rope reeving, control, and braking systems require special attention. Proper

support of the rope drums ensures that they would be retained and prevented from failing

or disengaging from the braking and control system in case of a shaft or bearing failure.

If the hoisting system (raising and lowering) includes two mechanical holding brakes,

each with better than full-load stopping capacity, that are automatically activated when

electric power is off or when mechanically tripped by overspeed or overload devices, a

Rev. 1 9.1.4-6
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critical load will be safely held or controlled in case of failure in the individual

load-bearing parts of the hoisting machinery. Failure of the bridge or trolley travel to

stop when power Is shut off or an overspeed or overload condition due to malfunction or

failure in the drive system can be prevented and controlled by appropriate safety and

limit devices and brake systems.

Since the crane industry has not yet developed codes or standards that adequately cover

the design, operation, and testing for a 'single failure-proof" crane, the ASB has

developed a branch position to provide a consistent basis for reviewing equipment and

components for such overhead handling systems. The position below delineates acceptable

codes and standards and supplements them with specific recommendations on features that

will prevent, control, or stop inadvertent operation or malfunction of the mechanical

supporting and moving components of the handling system.

I

9. 4-6a
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B. BRANCH TECHNICAL POSITION

Overhead handling systems intended to provide single failure-proof handling of loads should

be designed so that no single failure or malfunction will result in dropping or loosing

control of the heaviest (critical) loads to be handled. Such handling systems should be

designed, fabricated, installed, inspected, tested, and operated in accordance with the

following:

1. General Performance Specifications

a. Separate performance specifications should be prepared for a permanent crane which
is to be used for construction prior to use for plant operation. The allowable

design stress limits should be identical for both cases, and the sum total of

simultaneously applied loads should not result in stress levels causing any perma-

nent deformation other than that due to localized stress concentrations.

b. The operating environment, including maximum and minimum pressure, temperature,

humidity, and rates of change of these parameters, should be specified to determine

the venting and drainage required for box girder sections. The specifications

should also state the corrosive and hazardous conditions that may occur during

operation. Fracture toughness for the steel structural materials should be

considered. Plate thickness, with a margin for the lowest operating temperatures,

should determine the type of steel that can be used with or without toughness

tests. The selection of steel materials will be reviewed on a case-by-case basis.

c. The crane should be classified as seismic Category I and should be capable of

retaining the maximum design load during a safe shutdown earthquake, although the

crane may not be operable after the seismic event. The bridge and trolley should

be provided with means for preventing them from leaving their runways with or with-

out the design load during operation or under seismic loadings. The design rated

load plus operational and seismically-induced pendulum and swinging load effects

on the crane should be considered in the design of the trolley, and they should be

added to the trolley weight for the design of the bridge.

d. All weld joints for load-bearing structures, including those susceptible to lamellar

tearing, should be inspected by nondestructive examinations for soundness of the

base metal and weld metal.

e. A fatigue analysis should be considered for critical load-bearing structures and

components of the crane handling system. The cumulative fatigue usage factors

should reflect effects of cyclic loadings from both the construction and operating

periods.

f. Preheat and postheat treatment temperatures for all weldments should be specified

in the weld procedures. For low-alloy steel, the recommendations of Regulatory

Guide 1.50 should be followed.
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2. Safety Features

a. The automatic and manual controls and devices required for normal crane operation

should be designed such that a malfunction of these controls and devices, and pos-

sible subsequent effects during load handling, will not prevent the handling

system from being maintained at a safe neutral holding position.

b. Auxiliary systems, dual components, or ancillary systems should be provided such

that in case of subsystem or component failure the load will be retained and held

in a safe position.

c. Means should be provided for devices which can be used in repairing, adjusting, or

replacing failed components or subsystems when failure of an active component or

subsystem has occurred and the load is supported and retained in the safe (temporary)

position with the system immobile. As an alternative to repairing the crane in

place, means may be provided for moving the handling system with load to a laydown

area that has been designed for accepting the load and making the repairs.

3. Equipment Selection

a. Dual load attaching points should be provided on the load block or lifting

device, designed so that each attaching point will be able to support a static load

of 3W (W is weight of the design rated load), without permanent deformation other
than that due to localized stress concentrations in areas for which additional

material has been provided for wear.

b. Lifting devices such as lifting beams, yokes, laddle or trunnion type hooks, slings,

toggles, or devises should be of redundant design with dual or auxiliary devices or

combinations thereof. Each device should be designed to support a static load of

3W without permanent deformation.

c. The vertical hoisting (raising and lowering) mechanism which uses rope and consists

of upper sheaves (head block), lower sheaves (load block), and rope reeving system,
should be designed with redundant means for hoisting. Maximum hoisting speed should

be no greater than 5 fpm.

d. The head and load blocks should be designed to maintain a vertical load balance

about the center of lift from the load block through the head block, and should

have a dual reeving system. The load block should maintain alignment and a posi-

tion of stability with either system and be able to support 3W and maintain load
stability and vertical alignment from the center of the head block through all

hoisting components to the center of gravity of the load.

e. The design of the rope reeving system should be dual, with each system providing

separately the load balance on the head and load blocks through the configuration

of ropes and rope equalizers. Selection of the hoisting rope or running rope

should consider the size, construction, lay, and means or type of lubrication to

maintain efficient working of the individual wire strands as the rope passes over
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sheaves during the hoisting operation. The effects of impact loadings, acceleration

and emergency stops should be included in selection of the rope and reeving

system. The wire rope should be 6 x 37 Iron Wire Rope Core (IWRC) or comparable

classification.

The stress in the lead line to the drum during hoisting at the maximum design

speed with the design rated load should not exceed 20% of the manufacturer's

rated strength of the rope. The static stress in rope (load is stationary)

should not exceed 12-1/2% of the manufacturer's rated strength. Line speed

during hoisting (raising or lowering) should not exceed 50 fpm.

f. The maximum fleet angle from drum to lead sheave in the load block should not

exceed 3-1/2 degrees at any point during hoisting and there should be only one

180O reverse bend for each rope leaving the drum and reversing on the first or

lead sheave on the load block, with no other reverse bends other than at the

equalizer if a sheave-type equalizer is used. The fleet angles for rope between

individual sheaves should not exceed 1-1/2 degrees. Equalizers may be beam or

sheave type. For the recommended 6 x 37 IWRC classification wire rope, pitch

diameter of the lead sheave should be 30 times rope diameter for the 1800 reverse

bend, 26 times rope diameter for running sheaves, and 13 times rope diameter for

equalizers. The pitch diameter is measured from the center of the rope in the

sheave groove through the sheave center. The dual reeving system may be a single

rope from each end of a drum terminating at a beam-type load and rope stretch

equalizer with each rope designed for total load, or a 2-rope system may be used

from each drums or separate drums with a sheave or beam equalizer, or any other

combination which provides two separate and complete reeving systems.

g. The vertical hoisting system components, which include the head block, rope

reeving system, load block, and dual load attaching device, should each be

designed to sustain a load of 2W (W is the weight of the design rated load). A

2W static load test should be performed for each reeving system and load attaching

point at the manufactm'rer's plant. Each reeving system and each one of the load

attaching devices should be assembled with approximately a 6 inch clearance

between head and load blocks and should support 200% of the design rated load

without degradation of the components or permanent deformation other than that
due to localized stress concentrations. Measurements of the geometric configura-

tion of the attaching points should be made before and after test followed by
nondestructive examination, which should consist of combinations of magnetic

particle, ultrasonic, radiographic, and dye penetrant examinations to verify the

soundness of fabrication and assure the integrity of this portion of the hoisting

system. The results of examinations should be documented and recorded for the

hoisting system for each overhead crane.

h. Means should be provided to sense such items as electric current, tU.-erature,

overspeed, overloading, and overtravel. Controls should be provided to stop the

hoisting movement within 3 inches maximum of vertical travel through a combination
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of electrical power controls and mechanical braking and torque control systems

should one rope of the dual reeving system fail.

I. The control systems may be designed as combination electrical and mechanical

systems and may include such Items as contractors, relays, resistors, and thyristors

in combination with mechanical devices and mechanical braking systems. The elec-

tric controls should be selected to provide a maximum breakdown torque limit of

175% of the required rating for a-c motors or d-c motors (series or shunt wound)

used for the hoisting drive motors. Compound wound d-c motors should not be used.

The control systems provided should cdnsider hoisting (raising and lowering) of

all loads, including the design rated load, and the effects of inertia of the

rotating hoisting machinery such as motor armatures, shafts and couplings, gear

reducers, and drums.

J. The mechanical and structural components of the hoisting s;stem should have the

required strength to resist failure should "two-blocking"11 or "load hangup"Y

occur during hoisting. The designer should provide means to absorb or control

the kinetic energy of rotating machinery in the event of two-blocking or load

hangup. The location and type of mechanical brakes and controls should provide

positive and reliable means to stop and hold the hoisting drums for these occur-

rences. The hoisting system should be able to withstand the maximum torque of the

driving motor, if a malfunction occurs and power to the driving motor cannot be

shut off at the time of load hangup or two-blocking.

k. The load hoisting drum on the trolley should be provided with structural and

mechanical safety devices to prevent the drum from dropping, disengaging fron its

holding brake system, or rotating, should the drum or any portion of its shaft or

bearings fail.

1. To preclude excessive breakdown torque, the horsepower rating (HP) of the electrical

motor drive for hoisting should provide no more than 110% of the calculated HP

requirement to hoist the design rated load at the maximum design holst speed.

m. The minimum hoist braking system should include one power control braking system

(not mechanical or drag brake-type) and two mechanical holding brakes. The holding

brakes should be activated when power is off and should be automatically tripped

by mechanical means on overspeed to the full holding position if a malfunction

occurs in the electrical brake controls. Each holdi:ng brake should be designed to

125% - 150% of maximum developed torque at the point of application (location of

the brake in the mechanical drive). the minimum design requirements for braking

Y"Two-blocking" is an inadvertently continued hoist which brincfs the load and head block assem-
blies into physical contact, thereby preventing further movement of the load block and
creating shock loads to rope and reeving system.

Y"Load hangup" occurs when the load block or load is stopped during hoisting by entanglement
with fixed objects, thereby overloading the hoisting systemr.
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systems that will be operable for emergency lowering after a single brake failure

should be two holding brakes for stopping and controlling drum rotation. Provisions
should be mr-ae for manual operation of the holding brakes. Emergency brakes or

holding brakes which are to be used for manual lowering should be capable of oper-

ation with full load and at full travel and provide adequate heat dissipation.

Design for manual brake operation during emergency lowering should include features

to limit the lowering speed to less than 3.5 fpm.

n. The dynamic and static alignment of all hoisting machinery components including
gearing, shafting, couplings, and bearings should be maintained throughout the

range of loads to be lifted with all components positioned and anchored on the

trolley machinery platform.

o. Increment drives for hoisting may be provided by stepless controls or inching

motor drives. Plugging3/ should not be permitted. Controls to prevent plugging

should be included in the electrical circuits and the control system. Floating

pointy in the electrical power system, when required for bridge or trolley

movement, should be provided only for the lowest operating speeds.

p. To avoid the possibility of overtorque within the control system, the horsepower

rating of the driving motor and gear reducer for trolley and bridge motion of an

overhead bridge crane should not exceed llOZ of the calculated requirement at

maximum speed and with the design rated load. Incremental or fractional inch

movements, when required, should be provided by such items as variable speed or

inching motor drives. Control and holding brakes should each be rated at lOOZ of

maximum drive torque at the point of application. If two mechanical brakes are
provided, one for control and one for holding, they should be adjusted with one

brake in each system for both the trolley and bridge leading the other and should

be activated by release or shutoff of power. The brakes should also be mechanically

tripped to the "on" or 'holding' position in the event of a malfunction in the

power supply or an overspeed condition. Provisions should be made for manual

operation of the brakes. The holding brake should be designed so that it cannot

be used as a foot-operated slowdown brake. Drag brakes should not be used.

Opposite wheels on bridges or trolleys which support the bridge or trolley on the

runways should be matched and have identical diameters. Trolley and bridge

speeds should be limited. A maximum speed of 30 fpm for the trolley and 40 fpm

for the bridge is recommended.

q. The complete operating control system and provisions for emergency controls for

the overhead crane handling system should be located in the main cab on the

N'Plugging is the momentary application of full line power to the drive motor for the purpose of
promoting a limited movemen~t.

LIThe point in the lowest range of movement control at which power is on, brakes are off, and, motors are not energized.
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bridge. Additional cabs located on the trolley or lifting devices should have

complete control systems similar to the bridge cab. Manual controls for hoisting
and trolley movement may be provided on the trolley. Manual controls for the

bridge may be located on the bridge. Remote controls or pendant controls for any

of these motions should be the same as those provided in the bridge cab control

panel. Provisions should be made in the design for devices for emergency control

or operations. Limiting devices, mechanical and electrical, should be provided

to indicate, control, and prevent overtravel and overspeed of hoist (raising or

lowering) and for trolley and bridge travel movements. Buffers for bridge and

trolley travel should be included.

r. Safety devices such as limit type switches provided for malfunction, inadvertent

operation, or failure should be in addition to and separate from the control

devices provided for operation.

s. The operating requirements for all travel movements (vertical and horizontal

movements or rotation, singly or in combination) for permanent plant cranes

should be clearly defined in the operating manual for hoisting and for trolley

and bridge travel. The designer should establish the maximum working load (MWIL).

The MWL should not be less than 85% of the design rated load (DRL) capacity for

the new crane at time of operation. The redundancy provided, design factors,

selection of components, and balance of auxiliary-ancilliary and duel items in

the design and manufacture should be taken into account in setting the maximum

working load for the critical load handling crane system(s). The MWL should not

exceed the DRL for overhead crane handling systems.

t. When the permanent plant crane is to be used for construction and the operating

requirements for construction are not identical to those required for permanent

plant service, the construction operating requirements should be defined separately.

The crane should be designed structurally and mechanically for the construction

loads, plant service loads, and the functional performance requirements for each.

At the end of the construction period, the crane handling system should be adjusted

for the performance requirements of permanent plant service. The conversion or

adjustment may include the replacement of such items as motor drives, blocks, and

reeving system. After construction use, the crane should be thoroughly inspected

using nondestructive examinations and should be performance tested. If the load

and performance requirements are different for construction and plant service

periods, then the crane should be tested for both phases. The crane integrity

should be verified by the designer and manufacturer and load testing to 125% of

the design rated load required for the operating plant should be done before the

crane is used as permanent plant equipment.

u. Installation instructions should be provided by the manufacturer. These should

include a full explanation of the crane handling system, its controls, and the

limitations for the system, and should cover the requirements for installation,

testing, and preparations for operation.
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4. Mechanical Checks, Testing, and Preventive Maintenance

a. A complete mechanical check of all crane systems as installed should be made to

verify the method of installation and to prepare the crane for testing. During

and after installation the proper assembly of electrical and structural components

should be verified. The integrity of all control, operating, and safety systems

is to be verified as to satisfaction of installation and design requirements.

The crane designer and crane manufacturer shoild provide a manual of information

and procedures for use in checking, testing, and crane operation. The manual

should also describe a preventive maintenance program based on the approved test

results and information obtained during the testing; it should include such items

as servicing, repair, and replacement requirements, visual examinations, inspec-

tions, checking, measurements, problem diagnosis, nondestructive examination,
crane performance testing, and special Instructions.

Information concerning proof testing on components and subsystems as required and

performed at the manufacturer's plant to verify component or subsystem ability to

perform should be available for the checking and testing performed at the place of

installation of the crane system.

b. The crane system should be prepared for the static test of 125% of the design

rated load. The tests should include all positions of hoisting, lowering, and

trolley and bridge travel with the 125% rated load and other positions as recom-

mended by the designer and manufacturer. After satisfactory completion of the

125% static test and adjustments required as a vesult of the test, the crane
handling system should be given full performance tests with 100% of the design

rated load for all speeds and motions for which the system is designed. This

should include verifying all limiting and safety control devices. The crane

handling system should demonstrate the ability to lower and move the design rated

load by manual operation and with the use of emergency operating controls and.

devices which have been included in the handling system.

The complete hoisting machinery should be allowed to two-block during the hoisting

test (load block limit and safety devices are bypassed). This test should be

conducted without load and at slow speed, to provide assurance of the integrity

of the design, equipment, controls, and overload protection devices. The test

should demonstrate that the maximum torque that can be developed by the driving

system, including the inertia of the rotating parts at the overtorque condition,
will be absorbed or controlled prior to two-blocking.

The complete hoisting machinery should be tested for ability to sustain a load
hangup condition by a test in which the load block attaching points are secured

to a fixed anchor or excessive load. The drum should be capable of one full

revolution before starting the hoisting test.
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c. The preventive maintenance program recommended by the designer and manufacturer
should also prescribe and establish the MWL for which the crane will be used. The
maximum working load should be plainly marked on each side of the crane for each
hoisting unit. It is recommended that critical load handling cranes should be
continuously maintained at 95% of DRL capacity for the MWL capacity.

C. REFERENCES
1. Regulatory Guide 1.50, "Control of Preheat Temperature for Welding of Low-Alloy

Steel."

2. "Table of Engineering, Manufacturing, and Operating Standards, Practices, and
References," attached to this position.
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TABLE OF

ENGINEERING, MANUFACTURING, AND OPERATING STANDARDS,

PRACTICES, AND REFERENCES

AISE Association of Iron and Steel Engineers (Std. No. 6). General items for overhead

cranes and specifically for drums, reeving systems, blocks, controls, and

electrical, mechanical, and structural components.

AISC American Institute of Steel Construction, "Manual of Steel Construction."

Runway and bridge design loadings for impact, and structural supports.

ASME American Society of Mechanical Engineers. References for testing, materials, and

mechanical components.

ASTM American Society for Testing Materials. Testing and selection of materials.

ANSI American National Standards Institute (AIO, B3, B6, B15, B29, B30 and N45 series).

N *.eries ot ANSI standards for quality control. ANSI consensus standards for

design, manufacturing, and safety.

IEEE Institute of Electrical and Electronics Engineers. Electrical power and control

systems.

AWS American Welding Society (D1.1.72 - 73/74 revisions). Fabrication requirements

and standards for crane structure and weldments.

EEI Edison Electrical Institute. Electrical systems.

SAE Society of Automotive Engineers, "Standards and RecommendeJ Practices."

Recommendations and p-actices for wire rope, shafting, lubrication, fasteners,

materials selection, and load stability.

CMAA Crane Manufacturers Association of America (CMAA 70). Guide for preparing functional

and performance specifications and component selection.

NEMA National Electrical Manufacturers Association. Electrical motor, control, and

component selections.

WRTB Wire Rope Technical Board and their manufacturing members. Selection of rope

reeving system, and reeving efficiencies.

M1HI Materials Handling Institute and their member associations and association

members such as American Gear Manufacturing Association for gears and gear

reducers and Antifriction Bearing Manufacturers Association for bearings selection.

WRC Welding Pasearch Council, "Control of Steel Construction to avoid Brittle

Fracture," and Bulletin 1168, "Lamellar Tearing."
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NUREG-75/087

"a U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.1 STATION SERVICE WATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Reactor Systems Branch (RSB)
Instrumentation and Control Systems Branch (ICSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (ITEB)
Power Systems Branch (PSB)

1. AREAS OF REVIEW

The service water system (SWS) provides essential cooling to safety-related equipment

and may also provide cooling to nonsafety-related auxiliary components that are used

for normal plant operation. The ASB reviews the system from the service water pump

intake to the points of cooling water discharge to assure conformance with the require-

ments of General Design Criteria 2, 4, 5, 44, 45 and 46. The ultimate heat sink

(reviewed under SRP Section 9.2.5) provides the intake source of water to the SWS for

long-term cooling of station features required for plant shutdown and also any special

equipment required to prevent or mitigate the consequences of postulated accidents

and as such is an interface system to the SWS. The SWS pump performance characteristics

will be compared to the high and low water levels of the ultimate heat sink to assure

that pumping capability can be provided for extended periods of operation following

postulated events.

1. The ASS reviews the characteristics of the SWS components (pumps, heat exchangers,

pipes, valves) with respect to their functional performance as affected by

adverse environmental occurrences including cold weather protection, by abnormal

operational requirements, and by accident conditions such as a loss-of-coolant

accident (LOCA) with the loss of offsite power. Since the SWS normally has

requirements that relate to cooling functions during normal plant operation as

well as for safety functions, the review will include an evaluation of

the capability of the system to perform these multiple functions.

2. The ASB reviews the system to determine that a malfunction, a failure of a

component, or the loss of a cooling source will not reduce the safety-related

functional performance capabilities of the system. Specifically, the system is

reviewed to verify that:
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a. System components and piping have sufficient physical separation or shielding

to protect the essential portions of the system from missiles, pipe whip, and

Jet impingement that may result from piping cracks or breaks.

b. Design code requirements, as applicable to the assigned quality group and

seismic category, are met.

c. Effects of failure of the non-seismic Category I equipment, structure, or

components of safety-related portions of the SWS are taken into account in the

design. In addition, the review includes the consequences of postulated pipe

breaks in high and moderate energy fluid systems.

3. The ASB also reviews the design of the SWS with respect to:

a. Functional capability during abnormally high water levels; i.e., adequate

flood protection during the probable maximum flood.

b. The capability for detection, control, and isolation of system leakage

including the capability for detection and control of radioactive leakage into

and out of the system and prevention of accidental releases to the environment.

c. Measures to preclude long-term corrosion and organic fouling that would tend

to degrade system performance.

d. Provisions for system and component operational testing, including the instru-

mentation and control features that determine and verify that the system is

operating in a correct mode (i.e., valve position, pressure and temperature

indication).

4. The ASB reviews the SWS capability to flood the reactor containment should this be

required in a post-accident recovery situation.

5. The applicant's proposed technical specifications are reviewed for operating license

applications, as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the system. The RSB identifies essential components

associated with the reactor coolant system and the emergency core cooling systems that

are required for operation during normal operations or accident conditions. The RSB

establishes accident cooling load functional requirements and minimum time intervals.

The SEB determines the acceptability of the design analyses, procedures, and criteria

used to establish the ability of seismic Category I structures housing the system and

supporting systems to withstand the effects of natural phenomena such as the safe shut-

down earthquake (SSE), probable maximum flood (PMF), and tornado missiles. The MEB will

review the seismic qualification of components and confirm that components, piping, and

structures are designed in accordance with applicable codes and standards. The MTEB

will verify that inservice inspection requirements are met for system components and,

upon request, will verify the compatibility of the materials of construction with service

conditions. The ICSB and PSS will evaluate the system controls, instrumentation, and

power sources with respect to capabilities, capacity, and reliability for supplying
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power during normal aiod emergency conditions to safety-related pumps, valves and other

components.

11. ACCEPTANCE CRITERIA

Acceptability of the design of the service water system, as described In the applicant's

safety analysis report (SAR), including related sections of Chapters 2 and 3 of the SAR

is based on specific general design criteria'and regulatory guides. Listed below are

specific criteria as they relate to the SWS.

The design of the service water system is acceptable if the integrated system design is

in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena, such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to the capability of shared systems and

components important to safety being capable of performing required safety

functions.

4. General Design Criterion 44, to assure:

a. The capability to transfer heat loads from safety-related structures, systems,

and components to a heat sink under both normal operating and accident

conditions.

o. Component redundancy so that the safety function can be performed assuming a

single active component failure coincident with the loss of offsite power.

c. The capability to isolate components, subsystems, or piping if required so

that the system safety function will not be compromised.

5. General Design Criterion 45, as related to design provisions to permit inservice

inspection of safety-related components and equipment.

6. General Design Criterion 46, as related to design provisions to permit operational

functional testing of safety-related systems and components.

7. Regulatory Guide 1.26, as related to the quality group classification of systems

and components.
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8. Regulatory Guide 1. l as related to the seismic design classification of system

components.

9. Regulatory Guide 1.102, as related to the protection of structures, systems, and
components important to safety from the effects of flooding.

10. Regulatory Guide 1.117, as related to the protection of structures, systems, and

components important to safety from the effects of tornado missiles.

11. Branch Technical Position ASS 3-1, is related to breaks in high and moderate energy

piping systems outside containment

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of appli-

cation are contained in the SRP sections corresponding to those branches.

111. REVIEW PROCEDURES

The procedures set forth below are used during ths conbtruction permit (CP) application

review to determine that the design criteria and bases and the preliminary design as set

forth in the preliminary safety analysis report meet the acceptance criteria given in

subsection II. For review of operating license (OL) applications, the review procedures

and acceptance criteria are utilized to verify that the initial design criteria and

bases have been appropriately implemented in the final design as set forth in the final

safety analysis report.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

The review procedures for OL applications include a determination that the content and

intent of the technical specifications prepared by the applicant are in agreement with

the requirements for system testing, minimum performance, and surveillance developed as

a result of the staff's review.

As a result of the various SWS designs provided, there will be variations in system

requirements. For the purpose of this SRP section, a typical system is assumed which

has fully redundant systems, with each of the systems having an identical essential

(safety features) portion and an identical non-essential portion (used for normal

operation). For cases where there are variations from the typical arrangement, the

reviewer will adjust the review procedures given below. However, the system design will

be required to meet the acceptance criteria given in subsection II. Also, the reviewer

will need to refer to SRP sections for other systems that would interface with the SWS,

depending upon the nature and conditions of the ultimate heat sink cooling water (e.g.,

salt water).
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1. The SAR is reviewed to determine that the system description and piping and

instrumentation diagrams (P&IDs) show the SWS equipment that is used for normal

operation, and the minimum system heat transfer and flow requirements for normal

plant operation. The system performance requirements will also be reviewed to

determine thatthey describe component allowable operational degradation (e.g., pump

leakage) and describe the procedures that will be followed to detect and correct

these conditions when they become excessive.

2. The reviewer, using the results of failure modes and effects analyses as appropri-

ate, comparisons with previously approved systems, or independent calculations,

determines that the system is capable of sustaining the loss of any active component

and meeting minimum system requirements (cooling load and flow) for the degraded

conditions. The system P&IDs, layout drawings, and component descriptions and

characteristics are then reviewed for the following points:

a. Essential portions of the SWS are correctly identified and are isolable from

the non-essential portions of the system. The P&IOs are reviewed to verify

that they clearly indicate the physical division between each portion and

indicate the required classification changes. System drawings are also

reviewed to see that they show the means for accomplishing isolation and the

system description is reviewed to identify minimum performance requirements

for the isolation valves. The drawings and descriptions are reviewed to verify

that automatically operated isolation valves separate non-essential portions

and components from the essential portions.

b. Essential portions of the SWS, including the isolation valves separating

essential and non-essential portions, are classified Quality Group C and

seismic Category I. Components and system descriptions in the SAR that

identify mechanical and performance characteristics are reviewed to verify

that the above seismic and safety classifications have been included, and that

the P&IDs indicate any points of change in piping quality group classification.

c. Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It will be

acceptable if the SAR information delineates a testing and inspection program

and if the system drawings show the necessary test recirculation loops around

pumps or isolation valves that would be required by this program.

3. The reviewer determines that the safety function of the system will be maintained,

as required, in the event of adverse environmental phenomena such as earthquakes,

tornadoes, hurricanes, and floods, or in the event of certain pipe breaks or loss

of offsite power. The reviewer uses engineering judgment, the results of a failure

mode and effects analyses, and the results of reviews performed under other SRP

sections to verify the following: |

a. The failure of portions of the system or of other systems not designed to

seismic Category I and located close to essential portions of the system, or
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of non-seismic Category I structures that house, support, or are close to

essential portions of the SWS, will not preclude operation of the essential

portions of the SWS. Reference to SAR Chapter 2 describing site features and

the general arrangement and layout drawings will be necessary as well as the

SAR tabulation of seismic design classifications for structures and systems.

Statements in the SAR that verify that the above conditions are met are

acceptable. (CP)

b. The essential portions of the SWS are protected from the effects of floods,

hurricanes, tornadoes, and internally or externally generated missiles. Flood

protection and missile protection criteria are discussed and evaluated in

detail under the Section 3 series of the SRP. The reviewer will utilize the

procedures identified iW these SRP sections to assure that the analyses

presented are valid. A statement to the effect that the system is located in

a seismic Category I structure that is tornado missile and flood protected, or

that components of the system will be located in individual cubicles or rooms

that will withstand the effects of both flooding and missiles is acceptable.

The location and the design of the system, structures, and pump roams

(cubicles) are reviewed to determine that the degree of protection provided is

adequate.

c. The SWS pumps will leave sufficient available net positive suction head (NPSH)

at the pump suction locations, considering low water levels. Reference to SRP

Section 2.4, which indicates the lowest probable water level of the heat sink,

and to drawings indicating the elevation of service water pump impellers will

be necessary. An independent calculation verifying the applicant's conclusion

will be necessary for acceptance.

d. Provisions are made in the system to detect and control leakage of radioactive

contamination into and out of the system. It will be acceptable if the system

P&IDs show radiation monitors located on the system discharge and at

components susceptible to leakage, and these components can be isolated by one

automatic and one manual valve in series.

e. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the SWS, or that protection from the effects of failure will be provided. The

means of providing such protection will be given in Section 3.6 of the SAR and

the procedures for reviewing this information are given in the corresponding

SRP sections.

f. Essential components and subsystems necessary for safe shutdown can function

as required in the event of loss of offsite power. The system design will be

acceptable if the SWS meets minimum system requirements as stated in the SAR

assuming a concurrent failure of a single active component, including a single

failure of an auxiliary electric power source. The SAR is reviewed to

determine that for each SWS component or subsystem affected by the loss of

offsite power, system flow and heat transfer capability meet or exceed
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minimum requirements. The results of failure modes and effects analyses are

considered in assuring that the system meets these requirements. This will be

an acceptable verification of system functional reliability.

g. Provisions are made for protection of the essential service water supply from

potential failures or malfunctions caused by freezing, icing, and other adverse

environmental conditions. Statements in the SAR that would indicate that

safety grade heating sources will be used for this purpose, considering the

equipment necessary for safe shutdown, will be acceptable.

3. The descriptive information, P&lDs, SWS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following design basis accidents assuming a concurrent single active

component failure. The reviewer evaluates the faibure mode and effects analysis

presented in the SAR to assure function of required components, traces the avail-

ability of these components on system drawings, and checks that the SAR contains

verification that minimum system flow and heat transfer requirements are met for

each accident situation for the required time spans. For each case the design will

be acceptable if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The service water system (SWS) includes all components and piping from the SWS

pump intake to the points of cooling water discharge. Based on the review of the

applicant's proposed design criteria, design bases and safety classification for

the service water system regarding the requirements for continuous cooling of

safety-related components necessary for a safe plant shutdown, the staff concludes

that the design of the service.water system is in conformance with the Commission's

regulations as set forth in the General Design Criterion 2, "Design Bases for

Protection Against Natural Phenomena," General Design Criterion 4, "Environmental

and Missile Debign Bases," General Design Criterion 5, 'Sharing of Structures

Systems, and Components," General Design Criterion 44, "Cooling Water," General

Design Criterion 45, "Inspection of Cooling Water Systems," and General Design

Criterion 46, "Testing of Cooling Water Systems," and meets the guidelines of

Regulatory Guide 1.26, "Quality Group Classification and Standards for Water-,

Steam-, and Radioactive Waste-Containing Components of Nuclear Power Plants,"

Regulatory Guide 1.29, "Seismic Design Classification," Regulatory Guide 1.102,

"Flood Protection for Nuclear Power Plants," Regulatory Guide 1.117, 'Tornado

Design Classification," and Branch Technical Position ASB 3-1, "Protection

Against Postulated Piping Failures in Fluid Systems Outside Containment," and

therefore is acceptable.
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V. REFERENCES It

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protecti

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, 'Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, 'Sharing of Structures,

Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 44, "Cooling Water."

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection of Cooling

Water System."

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water

Systems."

7. Regulatory Guide 1.26, 'Quality Group Classification and Standards For Water-,

Steam-, and Radioactive Waste-Containing Components of Nuclear Power Plants."

8. Regulatory Guide 1.29, "Seismic Design Classification."

9. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

10. Regulatory Guide 1.117, "Tornado Design Classification."

11. Branch Technical Position ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside RCntainment," attached to SRP Section 3.6.1.
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NUREG-75/087

'A' U.S. NUCLEAR REGULATORY COMMISSION

i STANDARD REVIEW PLAN
'> OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.2 REACTOR AUXILIARY COOLING WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - keactor Systems Branch (RSB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
Mechanical Engineering Branch MEB)
Structural Engineering Branch SEB)
Materials Engineering Branch (MTEB)

I. AREA OF REVIEW

The APCSB reviews reactor auxiliary cooling systems that are required for safe shutdown

during normal, operational transient, and accident conditions, and for mitigating the

consequences of an accident, or preventing the occurrence of an accident. These include

closed loop auxiliary cooling systems for reactor system components, reactor shutdown equip-

ment, ventilation equipment, and components of the emergency core cooling system (ECCS).

The review of these systems includes the pumps, heat exchangers, valves and piping, expan-

sion tanks, makeup piping, and points of connection or interfaces with other systems. Empha-

sis is placed on the cooling systems for safety-related components such as ECCS equipment,

ventilation equipment, and reactor shutdown equipment.

1. The APCSB reviews the capability of the auxiInat coolinv systems to provide adequate

cooling water to safety-related ECCS components and reactor auxiliary equipment for all

planned operating conditions. The review ine'udes the following points:

a. The functional performance requirements of the system including the ability to

withstand adverse environmental occurrences, operability requirements for normal

operation, and requirements for operation during and subsequent to postulated

accidents.

b. Multiple performance functions (if required) assigned to the system and the

necessity of each function for emergency core cooling and safe shutdown.

c. The capability of the system to cope with liquid expansion or provide necessary

makeup as required.
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d. The requirements for adequate net positive suction head (NPSH) for the auxiliary

cooling pumps.

e. The sizing of the system for core cooling and decay heat loads and the associated

design margin.

2. The APCSB review verifies that system components and piping have sufficient physical

separation or shielding to protect essential portions of the system from missiles

and pipe whip or from jet impingement that may result from piping cracks or breaks.

3. Other system aspects that are reviewed are:

a. The use of design and fabrication codes consistent with the assigned quality group

classification and seismic category.

b. The effects of non-seismic Category I component failures on the seismic Category I

portion of the system.

c. The provisions for detection, collection, and control of system leakage and the

means provided to detect leakage of activity from one system to another and pre-

clude its release to the environment.

d. The provisions to control long-term corrosion and organic fouling.

e. The requirements for operational testing and inservice inspection of the system.
.,

f. Instrumentation and controV features necessary to accomplish design functions,

including isolation of components to deal with leakage or malfunctions, and

actuation requirements for redundant equipment.

4. The applicant's proposed technical specifications will be reviewed for operating license

applications as they relate to areas covered in this review plan.

The review of the cooling water systems will involve secondary reviews performed by other

branches. The results are used by the APCSB to complete overall evaluation of the system.

The secondary reviews are as follows: the RSB will identify engineered safety feature

components associated with the reactor coolant system and the emergency core cooling systems

that are required for operation during normal operations and accident conditions. RSB will

establish cooling load functional requirements and minimum time intervals and assure that

the seismic and quality group classifications for system comnonents are acceptable. The SEB

will determine the acceptability of the design analyses, procedures, and criteria used to

establish the ability of Category I structures housing the system and supporting systems to

withstand the effects of natural phenomena such as the safe shutdown earthquake (SSE), the

probable maximum flood (PMF), and tornado missiles. The MEB will review the seismic quali-

fication of components and confirm that the system is designed in accordance with aoplicable

codes and standards. The MTEB will verify that inservice inspection requirements era nmet
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for system components and, upon request, will verify the compatibility of the materials of

construction with service conditions. The EICSB will determine the adequacy of the design,
installation, inspection, and testing of all essential electrical components required for

proper operation.

II. ACCEPTANCE CRITERIA
Acceptability of the designs of cooling water systems as described in the applicant's safety

analysis report (SAR), including related sections of Chapters 2 and 3 of the SAR, is based

on specific general design criteria and regulatory guides, and on independent calculations
and staff judgments with respect to system functions and component selection. Listed below

are specific criteria as they relate to the cooling water systems.

The design of a cooling water system is acceptable if the integrated system design is in

accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the system

itself being capable of withstanding the effects of natural phenomena such as earth-

quakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and inter-

nally generated missiles, pipe whip, and jet impingement forces associated with pipe

breaks.

3. General Design Criterion 5, as related to shared systems and components important to

safety being capable of performing required safety functions.

4. General Design Criterion 44, to include:

a. The capability to transfer heat loads from safety-related structures, systems, and
components to a heat sink under both normal operating and accident conditions.

b. Component redundancy so that safety functions can be performed assuming a single

active component failure coincident with the loss of offsite power.

c. The capability to isolate components, systems, or piping if required so that the

system safety function will not be compromised.

5. General Design Criterion 45, as related to the design provisions to permit inservice

inspection of safety-related components and equipment.

6. General Design Criterion 46, as related to the design provisions to permit operational

functional testing of safety-related systems or components to assure:

a. Structural integrity and system leak tightness.
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b. Operability and adequate performance of active system components.

c. Capability of the integrated system to perform rnquired functions during normal,

shutdown, and accident situations.

7. Regulatory Guide 1.26, as related to the quality group classification of systems and

components.

8. Regulatory Guide 1.29, as related to the seismic design classification of systerm.

components.

9. Branch Technical Position APCSB 3-1, as related to high and moderate energy breaks in

piping systems outside containment.

An additional basis for determining the acceptability of a cooling water system will be the

degree of similarity of the design with that of previously reviewed plants with satisfactory

operating experience.

III. REVIEW PROCEDURES

The procedures set forth below are used during the construction permit (CP) application review

to determine that the design criteria and bases and the preliminary design as set forth in

the preliminary safety analysis report meet the acceptance criteria given in Section II of

this plan. For the review of operating license (OL) applications, the review procedures and

acceptance criteria will be utilized to verify that the initial design criteria and bases

have been appropriately implemented in the final design as set forth in the final safety

analysis report.

The procedures for OL reviews include a deteramination that the content and intent of the

technical specifications prepared by the applicant are in agreement with the requirements

for system testing, minimum performance, and surveillance developed as a result of the

staff's review.

One of the main objectives in the review of a cooling water system (CWS) is to determine its

function with regard to safety. Some cooling systems are designed as safety-related systems

in their entirety, others have only portions of the system that are safety related, and others

are classified as non-safety-related because they do not perform any safety function. In

order to determine the safety category of a cooling water system, the APCSB will evaluate

its necessity for achieving safe reactor shutdown conditions or for accident prevention or

accident mitigation functions. The safety functions to be performed by tlese systems in all

designs are essentially the same, nowever, the method used varies from plant to plant depending

upon the individual designer.

In view of the various designs provided, the procedures set forth below are for a typical

cooling water system designed entirely as a safety-related system. Any variance of the review 0

procedures to take account of a proposed unique design will be such as to assure that the W

system meets the criteria of Section II. The reviewer will select and emphasize material from

this review plan, as may be appropriate for a particular case.
9.2.2-4
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1 * The information provided in the SAR pertaining to the design bases and design criteria,

and the system description section are reviewed to verify that the equipment used and

the minimum system heat transfer and flow requirements for normal plant operations are

identified. A review of the system piping and instrumentation diagrams(P&IDS) will

show which components of the system are utilized to:

a. Remove heat from the reactor primary coolant system equipment necessary to

achieve a safe reactor shutdown.

b. Proviae essential cooling for containment components or systems such as the sprays,

ventilation coolers, or sump equipment.

c. Provide cooling for decay heat removal equipment.

d. Provide cooling for emergency core cooling pump bearings or other emergency core

cooling equipment necessary to prevent or mitigate the consequences of an accident.

2. The system performance requirements section is reviewed to determine that it limits

allowable component operational degradation (e.g., pump leakage) and describes the pro-

cedures that will be followed to detect and correct these conditions when degradation

becomes excessive.

3. The reviewer, using the results of failure modes and effects analyses, determines that

the system is capable of sustaining the loss of any active component and, on the basis

of previously approved systems or independent calculations, that the minimum system re-

quirements (cooling load and flow) are met for these failure conditions. The system

P&IDs layout drawings, and component descriptions and characteristics are then reviewed

for the following points:

a. Essential portions of the CWS are correctly identified and are isolable from the

non-essential portions of the system. TheP&IOs are reviewed to verify that they

clearly indicate the physical division between each portion and indicate required

classification changes. System drawings are reviewed to see that they show the

means for accomplishing isolation and the SAR description is reviewed to identify

minimum performance of the isolation valves. The drawings and description are

reviewed to verify that automatically operated isolation valves separate non-

essential portions and components from the essential portions.

b. Essential portions of the CWS, including the isolation valves separating seismic

Category I portions from the non-seismic portions, are Quality Group C or higher

and seismic Category I. System design bases and criteria, and the component

classification tables are reviewed to verify that the heat exchangers, pumps,

valves and piping of essential portions of the system will be designed to seismic

Category I requirements in accordance with the applicable criteria.
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c. The system is designed to cope with liquid expansion or to provide water makeup

as necessary. Where the cooling water systems are closed loop systems, surge tanks

are generally provided to accommodate liquid volume changes due to changes in

temperature or leakage and to receive system makeup water as required. The surge

tank and connecting piping are reviewed to assure that makeup water can be sup-

plied to either header in a split header system. Redundant surge tanks (one to

each header) or a divided surge tank design are acceptable to assure that in the

event of a header rupture the loss of the entire contents of the surge tank will

not result.

d. Net positive suction head (NPSH) requirements for the cooling water pumps are met
during normal operations and accident conditions, including conditions of extreme

low water levels. The review of the system design information and the system and

station drawings locating the cooling water system in the facility identifies the

components and water levels necessary to provide NPSH for the cooling water pump.

Independent analyses and engineering judgment are used in conjunction with pump

performance curves to assure that the design and the location of the pump and com-

ponents are such as to maintain appropriate NPSH requirements.

e. The system is designed for removal of heat loads during normal operation and of

emergency core cooling heat loads during accident conditions, with appropriate

design margins to assure adequate operation. A comparative analysis is made of

the system flow rates, heat levels, maximum temperature, and heat removal cap-

abilities with similar designs previously found acceptable. To verify performance

characteristics of the system, an independent analysis may be made.

f. Design provisions are made that permit appropriate inservice inspection and func-

tional testing of system components important to safety. It will be acceptable
if the SAR information delineates a testing and inspection program and if the

system drawings show the necessary test recirculation loops around pumps or iso-
lation valves that would be required by this program.

g. Essential portions of the system are protected from the effects of high energy

and moderate energy line breaks. The system description and layout drawings will

be reviewed to assure that no high or moderate energy piping systems are close to

essential portions of the CWS or that protection from the effects of failure will

be provided. The means of providing such protection will be given in Section 3.6

of the SAR, and the procedures for reviewing this information are given in the

corresponding review plans.

h. Essential components and subsystems (i.e., those necessary for safe shutdown) can

function as required in the event of a loss of offsite power. The system design

will be acceptable in this regard if the essential portions of the CWS meet mini-

mum system requirements as stated in the SAR assuming a concurrent failure of a

single active component, including a single failure of any auxiliary electric

power source. The SAR is reviewed to determine that for each CWS component or
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subsystem affected by the loss of offsite power, system flow and heat transfer

capability exceed minimum requirements. The results of failure modes and effects

analyses are considered in assuring that the system meets these requirements.

This will be an acceptable verification of system functional reliability.

3. The system design information and drawings are analyzed to assure that the following

features will be incorporated.

a. A leakage detection system is provided to detect component or system leakage. An

adequate means for implementing this criterion is to provide sumps or drains with

adequate capacity and appropriate alarms in the immediate area of the system.

b. Components and headers of the system are designed to provide individual isolation

capabilities to assure system function, control system leakage, and allow system

maintenance.

c. Design provisions are made to assure the capability to detect leakage of radio-

activity or chemical contamination from one system to another, to preclude long-

term corrosion, organic fouling, or the spreading of radioactivity. Radioactivity

monitors and conductivity monitors should be located in the system component dis-

charge lines to detect leakage. An alternate means is to prevent leakage from

occurring by operating the system at higher pressure to assure that leakage is

in the preferred direction.

W 4. The reviewer verifies that the system has been designed so that system functions will be

maintained, as required, in the event of adverse environmental phenomena such as earth-

quakes, tornadoes, hurricanes, and floods. The reviewer evaluates the system using

engineering judgment and the results of failure modes and effects analyses to deter-

mine the following:

a. The failure of portions of the system or of other systems not designed to seismic

Category I standards and located close to essential portions of the system, or of

non-seismic Category I structures that house, support, or are close to essential

portions of the CWS, will not preclude essential functions. The review will

identify these non-seismic category components or piping and assure that appropri-

ate criteria are incorporated to provide isolation capabilities in the event of

failure. Reference to SAR Chapter 2, describing site features, and the general

arrangement and layout drawings will be necessary as well as to the SAR tabulation

of seismic design classifications for structures and systems.

b. The essential portions of the CWS are protected from the effects of floods,

hurricanes, tornadoes, and internally or externally generated missiles. Flood
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protection and missile protection criteria are discussed and evaluated In detail

under the standard review plans for Chapter 3 of the SAR. The reviewer will uti-

lize the procedures identified in these review plans to assure that the analyses

presented are valid. A statement; to the effect that the system is located in a

seismic Category I structure that is tornado missile and flood protected, or that

components of the system will be located in individual cubicles or rooms that will

withstand the effects of both flooding and missiles is acceptable. The location

and design of the system, structures, and pump rooms (cubicles) are reviewed to

determine that the degree of protection provided is adequate.

5. The descriptive information, P&IDs CWS drawings, and failure modes and effects analy-

sis in the SAR are reviewed to assure that essential portions of the system will func-

tion following design basis accidents assuming a concurrent single active component

failure. The reviewer evaluates the failure mode and effects analysis presented in

the SAR to assure function of required components, traces the availability of these

components on system drawings, and checks that the SAR information contains verifica-

tion that minimum system flow and heat transfer requirements are met for each acci-

dent situation for the required time spans. For each case the design will be accept-

able if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review supports.

conclusions of the following type, to be included in the staff's safety evaluation report:

"The reactor auxiliary cooling water systems include pumps, heat exchangers, valves

and piping, expansion tanks, makeup piping, and the points of connection or inter-

faces with other systems. The scope of review of the cooling water systems for the

plant included layout drawings, process flow diagrams, piping and instru-

mentation diagrams, and descriptive information for the cooling water systems and the

auxiliary supporting systems that are essential to operation of the cooling water

systems. [The review has included the applicant's proposed design criteria and design

bases for the cooling water systems, the adequacy of those criteria and bases, arid the

requirements for continuous cooling (if necessary) during all conditions of plant oper-

ation. (CP)] [The review has included the applicant's analysis of the manner in which

the design of the cooling water systems and auxiliary supporting systems demonstrates

conformance to the design criteria and bases. (OL)J

"The basis for acceptance In the staff review has been conformance of the applicant's

designs and design criteria for the cooling water systems and necessary auxiliary

supporting systems to the Commission's regulations as set forth in the general design

criteria, and to applicable regulatory guides, staff technical positions, and industry

standards.

"The staff concludes that the design of the cooling water systems conforms to all

applicable regulations, guides, staff positions, and industry standards, and is 4
acceptable."
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V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, 'Design Bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. 10 CFR 50, Appendix A, General Design Criterion 44, "Cooling Water."

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, Inspection of Cooling Water

System."

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water

System."

7. Regulatory Guide 1.26, "Quality Group C~assifications and Standards for Water-, Steam-,

and RadioactivY Waste-Containing Components of Nuclear Power Plants."

B. Regulatory Guide 1.29, "Seismic Design Classification," Revision 1.

9. Branch Technical Position APCSB 3-1, "Protection Against Postulated Piping Failure

in Fluid Systems Outside Containment," attached to Standard Rev'iew Plan 3.6.1.
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NUREG-75/O07

aA U.S. NUCLEAR REGULATORY COMMISSION

It STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.3 DEMINERALIZED WATER MAKEUP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASS)

Secondary - Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
Effluent Treatment Systems Branch (ETSB)
Instrumentation and Control Systems Branch (ICSB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW

The ASB reviews the demineralized water makeup system (OWMS) from the supply connection

of the service or municipal water source to the points of discharge. The capability to

provide an adequate supply of treated water of reactor coolant purity to other systems

as makeup, and to provide other plant demineralized water requirements is reviewed.

The design of the DWMS Is generally not safety-related; the review is primarily directed

toward assuring that a failure or malfunction of the system could not adversely affect

essential systems requirements in accordance with General Design Criteria 2, 4 & 5.

1. The ASS review of the DWMS system includes the following considerations:

a. Capability of the system to effectively store, handle, and dispense all chemi-

cals utilized in the demineralizing and regeneration process.

b. Capability of the DWMS to operate within the environment to which it is exposed.

c. Provisions for the regeneration wastes to be directed to a suitable point in

the radwaste system or other specified areas for subsequent processing prior

to discharge to the environment and instrumentation and isolation capabilities

provided, including the ability to detect corrosive solutions and the valving

necessary to isolate the system.

2. The ASS reviews the system function relative to other safety-related systems to

determine whether portions of the system are safety-related and to determine whether

a seismic Category I make-up source is required.

3. The OWMS is also reviewed to assure that a malfunction or failure of a component

will not have an adverse effect on any safety-related system or components.

Secondary reviews are performed by other branches and the results used by the ASS to

complete the overall evaluation of the system. The secondary reviews are as follows.
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The SEB determines the acceptability of the design analyses, procedures, and criteria

used to establish the ability of seismic Category I structures housing the system and

supporting systems to withstand the effects of natural phenomena such as the safe shut-

down earthquake (SSE), the probable maximum flood (P4F), and tornado missiles. The MEB

reviews the seismic qualification of components and confirms that the components, piping,

and structures are designed in accordance with applicable codes and standards. The MTEB

verifies that inservice inspection requirements are met for system components and, upon

request, verifies the compatibility of the materials of construction with service

conditions. The ICSB & PSB determine the adequacy of the design, installation, inspec-

tion, and testing of all essential electrical components (sensing, control, and power)

required for proper operation. The ETSB verifies that the limits for radioactivity

concentrations are met.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the DWMS, as described in the applicant's safety analysis

report (SAR), is based on design criteria or regulatory guides that apply directly to

the safety-related functional performance requirements for the DWMS. The ASB assures

that the system is capable of providing the required supply of reactor coolant purity

water to all systems.

Several general design criteria and regulatory guides are used to evaluate the system

design for those cases when a failure or malfunction of the DWMS could adversely effect

essential systems or components (i.e., those necessary for safe shutdown or accident

prevention or mitigation). These are as follows:

1. General Design Criterion 2, as related to the safety-related portions of the system

being capable of withstaraing the effects of natural phenomena such as earthquakes,

tornadoes, hurricanes, or floods.

2. General Design Criterion 4, with respect to the system being capable of withstanding

the effects of internally generated missiles.

3. General Design Criterion 5, in regards to the effect of sharing in multiple unit

facilities.

4. Regulatory Guide 1.26, as related to the quality group classifications of components

& systems.

5. Regulatory Guide 1.29, Position C-l, if any portion of the system is deemed to be

safety-related, and Position C-2 for nonsafety-related functions.

6. Appendix I of Regulatory Guide 1.56, for an acceptable standard for purity of the

demineralized water produced by the DWMS.
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7. Regulatory Guide 1.102, as related to the flood protection provided for nuclear

power plants.

8. Regulatory Guide 1.117, as related to the missile protection provided for nuclear

power plant's structures, systems and components.

9. Branch Technical Position ASB 3-1, as it relates to high and moderate energy breaks

or cracks in piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures set forth below are used during the construction permit (CP) application

review to determine that the design criteria and bases and the preliminary design as

set forth in the preliminary safety analysis report meet the acceptance criteria given

in subsection 1I. For the review of operating license applications,

the review procedures and acceptance criteria are utilized to verify that the initial

design criteria and bases have been appropriately implemented in the final design as

set forth in the final safety analysis report.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

The reviewer selects and emphasizes material from this SRP section, as may be appropriate

for a particular case. A determination will be made as to whether the DWMS or portions

thereof are safety-related, including whether a seismic Category I make-up source is

required for safe shutdown or for accident conditions. In confirming this design aspect, |

an analysis is made in which it is &ssumed that any OWMS pipe fails or component malfunc-

tions or fails in such a manner as to cause maximum damage to other equipment located

nearby. The system will be considered nonsafety-related 'if its failure does not affect

the ability of the reactor facility to achieve and maintain safe shutdown conditions.

1. The ASS evaluates the system design information and drawings and, utilizing engi-

neering judgment, operational experience, and performance characteristics of similar,

previously approved systems, to verify that:

a. The system is capable of fulfilling the requirements of the facility for

makeup water on a day-to-day basis.

b. The component redundancy necessary for the system to perform its design func-

tion is provided.

c. Precautions are taken or incorporated into the system design to properly

store, handle, and dispense corrosive and toxic chemicals effectively and
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safely so that a hazardous condition does not result from mishandling or

leakage.

d. The components utilized are compatible with the associated chemicals.

e. The potential for leakage and accidental spills has been minimized. (
f. In the event of a leak or spill, there would not be an adverse effect on

safety-related systems or components.

g. Instrumentation (e.g.. a conductivity monitor) has been provided together with

the capability to isolate the system should planned operating conditions be

exceeded.

h. Piping has been provided as necessary to direct solutions and regenerative

wastes to the radwaste system or other specified areas for processing and

disposal.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The demineralized water makeup system includes all components and piping associated

with the system from the service or municipal water source to the points of discharge

to other systems or to a discharge canal. (The review has determined the adequacy

of the applicant's proposed design criteria and design bases for the demineralized

water makeup system, regarding safety-related requirements (if any) for an adequate

supply of reactor coolant purity water during all conditions of plant operation.

(CP)J EThe review has determined that the applicant's analysis of the designs of

the demineralized water makeup system and auxiliary supporting systems is in conform-

ance with the design criteria and bases. (OL)]"

"The basis for acceptance in the staff review has been conformance of the applicant's

designs and design criteria for the demineralized water makeup system and necessary

auxiliary supporting systems to the commission's regulations as set forth in the

general design criteria, and to applicable regulatory guides, staff technical

positions, and industry standards and is acceptable."

V. REFERENCES

1. General Design Criterion 2, "Design Bases for Protection Against Natural

Phenomena."

2. General Design Criterion 4, "Environmental and Flissile Design Bases."

3. General Design Criterion 5. "Sharing of Structures, Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, "Seismic Design Classification."
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6. Regulatory Guide 1.56, Appendix, "Maintenance of Water Purity in Boiling Water

Reactors."

7. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

8. Regulatory Guide 1.117, "Tornado Design Classification."

9. Branch Technical Position ASB 3-1. "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment, attached to SRP section 3.6.1.
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NUREG-75/087

'PA U.S. NUCLEAR REGULATORY COMMISSION

) STANDARD REVIEW PLAN
-, ¢ OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.4 POTABLE AND SANITARY WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASS)

Secondary - None

1. AREAS OF REVIEW

At the construction permit (CP) stage of review, ASS reviews the information in the

applicant's safety analysis report (SAR) in tIl specific areas that follow. At the

operating license (OL) stage, ASS review consists of confirming the design accepted

at the CP stage.

1. The system descriptions for the potable and sanitary water systems (PSWS) are

reviewed. The piping and instrumentation drawings (P& Ds) are reviewed at the

OL stage.

2. System design criteria to prevent connection to systems having the potential for

containing radioactive material ire reviewed.

II. ACCEPTANCE CRITERIA

1. ASS accepts the PSWS design if there are no interconnections between the PSWS

and systems having the potential for containing radioactive material.

2. Where necessary the potable water system should be protected by an air gap.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from this SRP section, as may be appropri-

ate for a particular case.

In the review of thi PSWS, ASS considers the design criteria to prevent cross con-

nections, as described in the SAR. The P&ID's are reviewed at the OL stage to verify

the absence of the potential for contamination of the PSWS with radioactive materials.

IV. EVALUATION FINDINGS

ASS determines that sufficient information has been provided and that the review

supports conclusions of the following type, to be Included in the staff's safety

evaluation report:
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HThe potable and sanitary water systems (PSWS) include all components and piping

from the supply connection to the municipal or other water source to all points

of discharge to sewage facilities or other plant systems." | ,
"Based on our review of the applicant's design criteria, and design bases for the

potable and sanitary water systems, we conclude that acceptable design provisions

have been made to prevent the inadvertent contamination of the systems with

radioactive material, and therefore find the proposed design of the potable and

sanitary water systems to be acceptable."

V. REFERENCES

None
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NUREG.75/087

' w U.S. NUCLEAR REGULATORY COMMISSION

'STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.5 ULTIMATE HEAT SINK

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Reactor Systems Branch (RSB)
Mechanica; Engineering Branch (KE8)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Hydrology-Meteorology Branch (NMN)
Instrumentation and Control Systems Branch (ICSB)
Power Systems Branch (PSB)

1. AREAS OF REVIEW

The ultimate heat sink (UHS) is the source of cooling water provided to dissipate

reactor decay heat and essential cooling system heat loads after a normal reactor

shutdown or a shutdown following an accident, including LOCA. The design of the UHS

must satisfy the requirements of General Design Criteria 2, 4, 5, 44, 45 and 46.

The ASB reviews the water sources which make up the ultimate heat sink. This includes

the size, type of cooling water supply (e.g., ocean, lake, natural or man-made reser-

voir, river, or cooling tower), makeup sources to the ultimate heat sink, and the

capability of the heat sink to deliver the required flow of cooling water at appropriate

temperetures for normal, accident, or shutdown condition of the reactor. The UHS is

reviewed to determine that design code requirements, as applicable to the assigned

quality classifications and seismic categories, are met. A related area of review is

the conveying system, which is generally the,service water pumping system. The service

water system is reviewed under SRP Section 9.2.1.

1. The ultimate heat sink is reviewed with respect to the following considerations:

a. The type of cooling water supply.

b. The ability to dissipate the total essential station heat load.

c. The effect of environmental conditions on the capability of the UHS to

furnish the required quantities of cooling water, at appropriate temperatures

and with any required chemical and purification treatment, for extended times

after shutdown.

d. The effect of earthquakes, tornadoes, missiles, floods and hurricane winds on

the availability of the source water. The UHS is also reviewed to assure
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that adverse environmental conditions Including freezing will not preclude

the safety function of the UHS.

e. Sharing of cooling water sources in multi-unit stations.

f. Applicable design requirements such as the high and low water levels of the

source to determine their compatibility with the service water system.

2. ASB reviews the station heat Input provided in the SAR for the design of the UHS

with respect to reactor system heat, sensible heat, and pump work, and station

auxiliary system individual and total heat loads.

3. The proposed technical specifications are reviewed for operating license applica-

tions as they relate to areas covered in this SRP section.

:.econdary reviews will be performed by other branches and the results used by the ASB

to complete overall evaluation of the UHS. The RSB confirms heat loads transmitted to

the UHS from the reactor coolant and emergency core cooling systems. The SEB determines

the acceptability of the design analyses, procedures, and criteria used to establish

the ability of seismic Category I structures housing the system and supporting systems

to withstand the effects of natural phenomena such as the safe shutdown earthquake

(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB reviews the

seismic qualification of components and confirms that the system is designed in accord-

ance with applicable codes and standards. The MTEB verifies that Inservice inspection

requirements are met for system components and, upon request, verifies the compatibility W

of the materials of construction with service conditions. The ICSB and PS8 determines

the adequacy of the design, installation, inspection, and testing of electrical compo-

nents and instrumentation required for UHS operation. The HMB verities the ultimate

heat sink water levels, meteorological and natural phenomena criteria and transient

analysis of the cooling water inventory as detailed in SRP Section 2.4 series.

II ACCEPTANCE CRITERIA

Acceptability of the design of the ultimate heat sink, as described in the applicant's

Safety Analysis Report (SAR), including related sections of Chapters 2 and 3 of the

SAR, is based on specific general design criteria and regulatory guides and on independ-

ent calculations and staff judgments with respect to system adequacy.

The design of the ultimate heat sink Is acceptable if the system and the associated

complex of water sources, including retaining structures and canals or conduits

connecting the sources with the station, are in accordance with the following criteria:

1. General Design Criterion 2, as r"lated to structures housing the system and the

system itself being capab'. of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

Rev. 1 9.25-2
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2. General Design Criterion 4, relative to structures housing the systems and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and Jet Impingement forces associated

with high and moderate energy pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety being capable of performing required safety functions.

4. General Design Criterion 44, as related to:

a. The capability to transfer heat loads from safety-related structures, systems,

and components to the heat sink under both normal operating and accident

conditions.

b. Suitable component redundancy so that safety functions can be performed

assuming a single active component failure coincident with loss of offsite

power.

c. The capability to isolate components, systems, or piping if required so that

safety functions are not compromised.

5. General Design Criterion 45, as related to the design provisions to permit

intervice inspection of safety-related components and equipment.

6. Ceneral Design Criterion 46, as related to the design provisions to permit opera-

tion functional testing of safety-related systems or components.

7. Regulatory Guide 1.26, as related to quality group classification of system

components.

8. Regulatory Guide 1.27, as related to the design and functional requirements of the

ultimate heat sink.

9. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

10. Regulatory Guide 1.72, as related to plastic piping used in ultimate heat sink's

spray pond.

11. Regulatory Guide 1.102, as related to the protection of structures, systems, and

components important to safety from the effects of flooding.

12. Regulatory Guide 1.117, as related to the protection of structures, systems, and

components important to safety from the effects of tornado missiles.
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13. Branch Technical Position ASS 9-2, as related to the methods for calculating heat

release due to fission product and heavy element decay.

For those areas of review Identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection II.

For operating license (OL) reviews, the procedures are used to verify that the initial

design criteria and bases have been appropriately implemented in the final design as

set forth in the final safety analysis report.

The review procedures for 0t applications include a determination that the content and

intent of the technical specifications prepared by the applicant are in agreement with

the requirements for system testing, minimum performance, and surveillance developed as

a result of the staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such input as required to assure that this review procedure is complete.

Availability of an adequate supply of water for the ultimate heat sink Is a basic

requirement for any nuclear power plant. There are various methods of satisfying 'the

requirement, e.g., a large body of water such as an ocean, lake, or natural or man-made

reservoir, a river, or cooling ponds or towers, or combinations thereof. The design of

the ultimate heat sink tends to be unique for each nuclear plant, depending upon its

particular geographical location. For the purpose of this SRP section, typical proce-

dures are established for use in identifying the essential features of an ultimate heat

sink. For installations where these general procedures are not completely adequate,

the reviewer supplements them as necessary.

1. The SAR is reviewed for the overall arrangement and type of ultimate heat sink

proposed. The reviewer verifies that the UHS is designed so that system function

is maintained as required when subjected to adverse environmental phenomena

including freezing and to a loss of offsite power. The reviewer evaluates the |

system to determine that:

a. The heat inputs that are used in the design of the UHS are conservative. The

reviewer makes an independent evaluation of the applicant's calculated heat

loads. The UHS heat loads include heat due to decay of radioactive material.

sensible heat, pump work, and the heat load from the operation of the station

auxiliary systems serving and dependent upon the UHS.
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b. Operational data from plants of similar design conftirm, where possible, the

heat input values given for sensible heat, pump work, and station auxiliary

systems.

2. The reviewer verifies that:

a. The total essential station heat load knd system flow requirements of the

service water system are compatible with the heat rejection capability of the

UHS.

b. The UHS has the capability to dissipate the maximum possible total heat load,

including LOCA under the worst combination of adverse environmental condi-

tions including freezing and has provisions for cooling the unit (or units,

including LOCA for one unit for a multi-unit station with one heat sink) for

a minimum of 30 days without makeup unless acceptable makeup capabilities can

be demonstrated. This capability is verified by independent check

calculations.

c. The connecting channels, structures, man-made embankments and dams, and

conduits to and from the UHS are capable of withstanding design basis natural

phenomena in combination with other site-related events and that a single

failure of any man-made feature resulting from such phenomena or events

cannot prevent adequate cooling water flow or adversely effect the tempera-

ture of the water from the sink.

3. Plants utilizing cooling towers as the ultimate heat sink are reviewed as

described above and in addition the reviewer determines that:

a. The tower structure and basin design bases in the SAR include requirements

for withstanding design basis natural phenomena or combinations of such

phenomena at historically observed intensities. The natural phenomena to be

considered include tornadoes, tornado missiles, hurricane winds, floods and

the SSE.

b. The results of failure modes and effects analyses show that the mechanical

systems (fans, pumps, and controls) can withstand a single active failure in

any of these systems, including failure of any auxiliary electric power

source, and not prevent delivery of water in the quantities and at ..mpera-

tures required for safe shutdown.

c. Adequate net positive suction head (NPSH) can be provided to all essential

pumps considering variations of water level in the basis. This is verified

by performing independent calculations.
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d. The towers can provide the design cooling water temperature under the worst

combination of adverse environmental conditions including freezing, and that

the supply of water in the basins can provide a 30-day capability for long-

term cooling at the required temperature without makeup unless acceptable

makeup capabilities can be demonstrated. This is verified by independent

calculations.

e. Cooling towers or spray ponds used as a UHS and designed to withstand the

effects of tornado missiles need not be designed to seismic Category I if

another UHS is also available that is designed to meet the seismic classifi-

cation guidelines of Regulatory Guide 1.27.

4. Reactor sites that utilize large natural or man-made water sources which for all

practical purposes have an infinite supply of water are reviewed as described in

items I and 2, above, and in addition the reviewer determines:

a. By evaluation of the SAR information or independent calculations, that the

water source is adequate taking into account the effects of design basis

natural phenomena such as tornadoes, hurricane winds, probable maximum floods,

tsunami, seiches, and the SSE.

b. By reviewing the SAR preliminary site and plant arrangement sketches (CP) and

(OL) site drawings and plant arrangement drawings that the design of the

intake and outlet conduits (open or closed type) are properly separated to

prevent recirculation or water temperature stratification.

c. That man-made earth dam, dike, or other structure design bases in the SAR

include requirements for withstanding the design basis natural phenomena or

combinations of such phenomena at historically observed intensities. In the

event of failure of a dam, dike, or other structure not designed to withstand

the design basis natural phenomena (particularly the SSE), sufficient water

must remain in the source pool to assure a cooling water supply for a minimum

of 30 days, with adequate cooling capability so that the required cooling

water temperature to the service water system inlet is not exceeded.

5. The reviewer verifies that essential portions of the UHS are classified seismic

Category I, Quality Group C, and are tornado missile protected.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's Safety

Evaluation Report:

"The ultimate heat sink review included the size, type of cooling supply (i.e.,

large body of water, ocean, lake, natural or man-made reservoir, river, pond, or
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cooling tower), and makeup sources to the ultimate heat sink. Based on the review

of the applicant's proposed design criteria, design bases and safety classifica-
tion for the ultimate heat sink and the requirements for delivering cooling water

for a safe shutdown during normal and accident conditions, the staff concludes

that the design of the ultimate heat sink is in conformance with the Commission's

regulations as set forth in General Design Criterion 2, 'Design Bases for Protec-

tion Against Natural Phenomena," General Design Criterion 4, "Environmental and

Missile Design Bases," General Design Criterion 5, "Sharing of Structures, Systems,

and Components," General Design Criterion 44, "Cooling Water Systems," General

Design Criterion 45, 'Inspection of Cooling Water Systems," and General Design

Criterion 46, OTesting of Cooling Water Systems," and meets the guidelines con-

tained in Regulatory Guide 1.26, "Quality Group Classification and Standards for

Water-, Steam-, and Radioactive Waste-Containing Components of Nuclear Power

Plants," Regulatory Guide 1.27, "Ultimate Heat Sink for Nuclear Power Plants,"

Regulatory Guide 1.29, "Seismic Design Classification," Regulatory Guide 1.72,

"Spray Pool Plastic Piping," Regulatory Guide 1.102, "Flood Protection for Nuclear

Power Plants," Regulatory Guide 1.117, "Tornado Design Classification," and Branch

Technical Position ASB 0-2, "Residual Decay Energy for Light Water Reactors for

Long-Term Cooling, herefore is acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena."

2. 10 LOFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 44, "Cooling Water System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection of Cooling

Water System."

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water

System."

7. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water,

Steam, and Radioactive Waste-Containing Components of Nuclear Power Plants.

8. Regulatory Guide 1.27, "Ultimate Heat Sink for Nuclear Power Plants."

9. Regulatory Guide 1.29, "Seismic Design Classification."
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10. Regulatory Guide 1.72, "Spray Pond Plastic Piping."

11. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

12. Regulatory Guide 1.117. 'Tornado Design Classification."

13. Branch Technical Position ASS 9-2, "Residual Decay Energy for Light Water Reactors

for Long-Term Cooling."
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BRANCH TECHNICAL POSITION ASB 9-2

RESIDUAL DECAY ENERGY FOR LIGHT WATER
REACTORS FOR LONG-TERM COOLING

A. BACKGROUND
The Auxiliary Systems Branch has developed acceptable assumptions and formulations

that may be used to calculate the residual decay energy release rate for light water

cooled reactors for long-term cooling of the reactor facility.

Experimental data (Refs. I and 2) on total beta and ganm a energy releases for long half-

life (> 60 seconds) fission products from thermal neutron fission of U-235 have been

considered reliable for decay times of 103 to 107 seconds. Over this decay time, even

with the exclusion of short-lived fission products, the decay heat rate can be predicted

to within 10 percent of experimental data (Refs. 3, 7, and 8).

The short-lived fission products contribute appreciably to the decay energy for decay

times less than 103 seconds. Although consistent experimental data are not as numerous

(Refs. 4 and 5) and the results of various calculations differ, the effect of all uncer-

tainties can be treated in the zero to 103 second time range by a suitably conservative

multiplying factor.

S. BRANCH TECHNICAL POSITION

1. Fission Product Decay

For finite reactor operating time (to) the fraction of operating power, (to tsar

to be used for the fission product decay power at a time ts after shutdown may be
calculated as follows:

ro (a ts) n Anexp(-ants) (1)

P (to, t) (l + K) 0 (-, ts) - 0 (-, to + to) (2)

where:

P
To - fraction of operating power

to a cumulative reactor operating time, seconds

ts a time after shutdown, seconds

K a uncertainty factor; 0.2 for o ' ts < 103 and 0.1 for 103 < t5 S 107

Ann an . fit coefficients having the following values:
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n An an (sec l)

1 0.5980 1.772 x 10°

2 1.6500 5.774 x10-1

3 3.1000 6.743 x 10 2

4 3.8700 6.214 x 103

5 2.3300 4.739 x 104

6 1.2900 4.810 x 105

7 0.4620 5.344 x 106

8 0.3280 5.716 x10-7

9 0.1700 1.036 x 10-7

10 0.0865 2.959 x lo-8

11 0.1140 7.585 x 10-10

The expressions for finite reactor operation may be used to calculate the decay energy

from a complex operating history; however, in accident analysts a suitably conservative

history should be used. For example, end of first-cycle calculations should assume

continuous operation at full power for a full cycle time period, and end of equilibrium

cycle calculations should assume appropriate fractions of the core to have operated

continuously for multiple cycle times.

An operating history of 16,000 hours is considered to be representative of many end-of-

first or equilibrium cycle conditions and is, therefore, acceptable. In calculating the

fission produce decay energy, a 20 percent uncertainty factor (K) should be added for any

cooling time less than 103 seconds, and a factor of 10 percent should be added for cooling

times greater than 103 but less than 107 seconds.

2. Heavy Element Decay Heat

The decay heat generation due to the heavy elements U-239 and Np-239 may be calculated

according to the following expressions (Ref. 6):

P (V-239) 2.28 x 10-3 C 25 - exp(-4.91 x 10-4 t0)] [exp(-4.91 x 10-4 ts) (3)
Po 01`25

P(N239) 2.17 x 10-3 C o25 .007 (l - exp(-4.91 x 10-4 to)]

texp(-3.41 x 106 t5) - exp(-4.91 x 10-4 t)]

+ tl - exp(-3.41 x 1066 to)] [exp(-3.41 x 10-6 t )]J (4)
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where:

PL (UI239) * fraction of operating power due to U-239

P (N 2-239)
- fraction of operating power due to Np-239

to cumulative reactor operating time, seconds

ts & time after shutdown, seconds

C N conversion ratio, atoms of Pu-239 produced per atom of U-235 consumed

025 * effective neutron absorption cross section of U-235

0f25 a effective neutron fission cross section of U-235

The product of the terms C * a25 can be conservatively specified as 0.7.
0f'25

The nuclear parameters for energy production by the heavy elements U-239 and N P-239

are relatively well known. Therefore, the heavy element decay heat can be calculated

with a conservatively estimated product term of C * 25 without applying any other

uncertainty correction factor. 0f25

3. Figures 1, 2, and 3 give the residual decay heat release in terms of fractions of

full reactor operating power based oni a reasonably realistic reactor operating time of

16,000 hours.
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p{ ~' U.S. NUCLEAR REGULATOPY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.6 CONDENSATE STORAGE FACILITIES

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Reactor Systems Branch (RSB)
Effluent Treatment Systems Branch (ETSB)
Materials Engineering Branch (MTEB)
Instrumentation and Control Systems Branch (ICSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Radiological Assessment Branch (RAB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW

The condensate storage facility (CSF) Is provided to serve as a receiver for excess
water generated by other systems such as the main condenser hotwell, the liquid radwaste

low activity reprocessed condensate, and the makeup water treatment system, and also to
serve as the water supply or makeup source for various auxiliary systems. Depending

upon its specific function in the plant under review, the CSF may or may not be safety-

related. The ASS review covers the CSF from the condensate storage tank up to the

connections or interfaces with other systems to assure conformance with the requirements

of General Design Criteria 2, 4, 5, 44, 45 and 46.

1. The ASB reviews Ihe capability of the CSF to supply water to various auxiliary

systems and to receive return water from other systems.

2. The ASB reviews the CSF to verify that;

a. Failures of CSF components connected to the emergency core cooling system

(ECCS) or other safety-related systems do not adversely affect the safety

function of the ECCS or other safety-related systems.

b. The essential portions of the CSF are protected from the qffects of natural

phenomena, including cold weather protection, so that the event will not

adversely affect the safety function of the system.

c. Component redundancy necessary to assure CSF safety functions is provided.

d. System components meet design code requirements consistent with the component

quality group and seismic design classifications.

USNRC STANDARD REVIEW PLAN
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e. Provisions for mitigating the environmental effects of system leakage or

storage tank failure are provided.

f. Provisions for safe handling of storage tank overflow, the associated instru-

mentation necessary to detect high or low water level, and isolation means

are provided.

g. Provisions for automatically transferring from a normal water supply that is

nonsafety-related to an assured seismic Category I source if required.

3. The applicant's proposed technical specifications are reviewed for operating

license applications, as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the CSF. The secondary reviews are as follows. The

RSB will identify essential portions of the facilities that are required to function

during normal operations and accident conditions, and assist in establishing the basis

for minimum condensate storage capacity. The ETSB will verify that the limits for

radioactivity concentrations are not exceeded. The SEB will determine the accept-

ability of the design analyses, procedures, and criteria used to establish the ability

of seismic Category I structures housing the system and supporting systems to withstand

the effects of natural phenomena such as the safe shutdown earthquake (SSE), the

probable maximum flood (PMF), and tornado missiles. The MEB will review the seismic

qualification of components and confirm that components, piping, and structures are

designed in accordance with applicable codes and standards. The MTEB will verify that

inservice inspection requirements are met for system components and, upon request, will

verify the compatibility of the materials of construction with service conditions. The

ICSB and PSB will verify the adequacy of the design, installation, inspection, and

testing of all electrical systems (sensing, control, and power) required for proper

operation. RAB reviews the facility design to assure that radiation levels exposure to

personnel will be maintained as low as is reasonably achievable.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the condensate storage facility, as described in the

applicant's Safety Analysis Report (SAR), is based on specific general design criteria

and regulatory guides.

1. For reactor systems where the condensate storage facility is an ultimate means of

water supply for safe shutdown or accident mitigationthe CSF is acceptable if the

integrated facility design is in accordance with the following criteria:

a. General Design Criterion 2, as related to the system being capable of

withstanding the effects of natural phenomena such as earthquakes, tornadoes,

hurricanes and floods.
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b. General Design Criterion 4, with respect to the system being capable of

withstanding the effects of external missiles and Internally generated

missiles, pipe whip, and jet impingement forces associated with pipe breaks.

c. General Design Criterion 5, as related to the capability of shared systems

and components to perform required safety functions.

d. General Design Criterion 44, to assure:

(1) Redundancy of components so that under normal and accident conditions

the safety function can be performed assuming a single active component

failure coincident with the loss of offsite power.

(2) The capability to isolate components, subsystems, or piping if required

so that the system safety function will not be compromised.

(3) The capability to provide sufficient makeup water to safety-related

cooling systems.

e. General Design Criterion 45, as related to design provisions made to permit

inservice inspection of safety-related components and equipment.

f. General Design Criterion 46, as related to design provisions made to permit

operationa; functional testing of safety-related systems and components to

assure structural integrity, system leak tightness, operability and perform-

ance of active components, and capability of the integrated system to func-

tion as intended during normal, shutdown, and accident conditions.

9. Regulatory Guide 1.26, as related to the quality group classifications of

components and systems.

h. Regulatory Guide 1.29, as related to the seismic design classification of

system components.

1. Regulatory Guide 1.102, as related to the flood protection provided for

nuclear power plants.

j. Regulatory Guide 1.117, as related to the tornado missile protection provided

for nuclear power plant's structures, systems and components.

k. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high

and moderate energy piping systems outside containment.

1. If a changeover from a nonsafety-related condensate storage source to a

safety-related water source is required for safe shutdown or accident mitiga-

tion, then the changeover feature (automatic) should meet all the requirements

for a safety-related system or component.
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2. For reactor systems where the condensate storage facility is not an ultimate means

of water supply for safe shutdown or accident mitigation, the design of the CSF is

acceptable if the integrated facility design is in accordance with the following

criterion:

Branch Technical Position ETSB 11-1, as related to a nonsafety-related storage

facility for low activity liquids waste.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as *et forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection II.
For operating license (OL) reviews, the procedures are used to verify

that the initial design criteria and bases have been appropriately implemented in the

final design as set forth in the final safety analysis report.

The review of OL applications includes a determination that the content and intent of

the technical specifications prepared by the applicant are in agreement with the

requirements for system testing, minimum performance, and surveillance developed as a Adz

result of the staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stateu in subsection I. The primary reviewer obtains and

uses such input as required to assure that this review procedure is complete.

The condensate storage facility (CSF) may be designed either as a safety-related

facility or as a nonsafety-related facility, depending on the plant. The safety func-

tion performed by the facility is to ensure an adequate supply of water to the auxiliary

feedwater system in the event that it is required for the safe shutdown of the reactor.

Normal plant system functions performed by the CSF, such as makeup to the condenser

hotwells and other auxiliary systems of the plant are reviewed to verify that failure

will not have an adverse effect on the safety-related functions of the facility.

The review procedures given below are for a typical CSF system of the safety-related

type. For cases where there are variations from this typical arrangement, the reviewer

will adjust the review procedures given below. However, the system design will be

required to meet the acceptance criteria given in subsection II.

1. The Safety Analysis Report is reviewed to determine that the facility description,

and piping and instrumentation diagrams (F&IDs) delineate the CSF equipment that is

used for normal operation, abnormal operation, and accident conditions as follows:
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a. The facility functional requirements and the minimum flow requirements for

supplying water to the auxiliary feedwater system and other safety-related

systems are described.

b. Component allowable operational degradation (e.g., pump leakage) and the

procedures that will be followed to detect and correct degraded conditions

when they become excessive are described. The reviewer, using failure modes

and effects analyses, or independent calculations, determines that the facil-

ity is capable of sustaining the loss of any active component and of meeting

minimum flow requirements to the safety-related systems.

2. The facility P&IDs, layout drawings, and component descriptions and characteristics

are reviewed to determine the following:

a. Essential portions of the CSF are correctly identified and are isolable from

the non-essential portions of the system. The P&IDs are reviewed to verify

that they clearly indicate the physical division between each portion.

System drawings are also reviewed to see that they show the means for accom-

plishing isolation, and the facility description is reviewed to identify

minimum performance requirements for the isolation valves.

b. Essential portions of the CSF, including the Isolation valves separating

seismic Category I portions from the nonseismic portions, are classified

Quality Group C and seismic Category I.

c. Design provisions have been incorporated that permit appropriate inservice

inspection and functional testing of system components important to safety.

It will be acceptable if the SAR delineates a testing and inspection program

and if the system drawings show the necessary test recirculation loops around

pumps or Isolation valves that would be required by this program.

3. The reviewer verifies that the system has been designed so that facility functions

are maintained, as required, in the event of adverse natural phenomena such as

tornadoes, hurricanes, and floods, and a loss of offsite power. The reviewer

evaluates the facility, using engineering judgment and the results of failure

modes and effects analyses to determine the following:

a. The failure of portions of the facility or of other systems not designed to

seismic Category I standards and located close to essential portions of the

facility, or non-seismic Category I structures that house, support, or are

close to essential portions of the CSF, does not preclude essential functions.

Reference to SAR Chapter 2, describing site features and the general arrange-

ment and layout drawings, as well as to the SAR tabulation of seismic design

classifications for structures and facilities, will be necessary. Statements

in the SAR to the effect that the above conditions are met are acceptable. (CP)
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b. The essential portions of the CSF are protected from the effects of floods,

cold weather conditions, hurricanes, tornadoes, and internally- or externally-

generated missiles. Flood protection and missile protection criteria are

discussed and evaluated in detail under the SRP sections for Chapter 3 of the

SAR. The location and design of the facility and structures are reviewed to

determine that the degree of protection provided is adequate. A statement to

the effect that the facility is located in a seismic Category I structure

that Is tornado, missile and flood protected, or that components of the

facility will be located in individual structures that will withstand the

effects of freezing, flooding and missiles is acceptable.

c. The CSF provides sufficient net positive suction head (NPSH) at safety-related

pump suction locations considering low condensate storage tank water levels.

The SAR should indicate the minimum water level of the condensate storage

tank and the elevation of the pump impellers. An independent calculation

verifying the applicant's conclusion regarding pump NPSH may be necessary.

d. The condensate storage tank is equipped with instrumentation to monitor the

water level in the tank and alarm when the water level reaches the low level

setpoint which indicates the minimum reserve condensate storage for safety-

related system supply.

e. The condensate storage tank overflow piping Is connected to the radwaste

system. The outdoor storage tank has a dike or retention basin capable of

preventing runoff in the event of a tank overflow or tank failure; for a

nonsafety-related storage facility, the need for a seismic Category I dike or

retention basin is reviewed.

f. The essential portions of the facility are protected from the effects of high

and moderate energy line breaks or cracks. Layout drawings are reviewed to

assure that no high or moderate energy piping systems are close to essential

portions of the CSF, or that protection from the effects of failure will be

provided. The means of providing such protection will be given in Section 3.6

of the SAR, and the procedures for reviewing this information are given in

the corresponding SRP sections.

g. Functions of the essential components and subsystems of the CSF (i.e., those

necessary for plant safe shutdown) will not be precluded by a loss of offsite

power. The CSF design will be acceptable in this regard if minimum system

requirements are met with onsite power.

h. The condensate storage tank has design provisions that automatically transfer,

as required, from a normal nonsafety-related source to a seismic Category I

source.
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4. The descriptive information, P&IDs, system drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the CSF will

function as needed following design basis accidents, assuming a concurrent single

active component failure. The reviewer evaluates the information presented in the

SAR to determine the ability of required components to function, traces the avail-

ability of these components on system drawings, and checks that the SAR contains

verification that system flow requirements are met for each accident situation for

the required time spans. For each case, the design will be acceptable if minimum

system flow requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The condensate storage facility (CSF) Includes all components and piping asso-

ciated with the facility to the points of connection or interfaces with other

systems. (The review has determined the adequacy of the applicant's proposed

design criteria and bases for the condensate storage facility and the requirements

for sufficient water supply to safety-related systems during normal, abnormal, and

accident conditions (CP).3 [The review has determined that the design of the

condensate storage facility and auxiliary supporting systems is in conformance

with the design criteria and bases (OL).]

"The basis for acceptance in the staff review has been conformance of the appli-

cant's designs, design criteria, and design bases for the condensate storage

facility and supporting systems to the Commission's regulations as set forth in

the applicable general design criteria, and to applicable regulatory guides, staff

technical positions, and industry standards.

"The staff concludes that the design of the condensate storage facility conforms

to all applicable regulations, guides, staff positions, and industry standards,

and is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, 'Sharing of Structures,

Systems, and Components."
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4. 10 CFR Part 50, Appendix A, General Design Criterion 44, 'Cooling Water.'

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, 'Inspection of Cooling

Water System."

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, 'Testing of Cooling Water

System."

7. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

8. Regulatory Guide 1.29, "Seismic Design Classification."

9. Regulatory Guide 1.102, 'Flood Protection for Nuclear Power Plants."

10. Regulatory Guide 1.117, "Tornado Design Classification."

11. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and ME8 3-l,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.

12. Branch Technical Position ETS8 11-1, "Design Guidance for Radioactive Waste

Management Systems Installed in Light-Water-Cooled Nuclear Power Reactor Plants,"

attached to SRP Section 11.2.
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A U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.3.1 COMPRESSED AIR SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Electrical, Instrumentation and Control Systems Branch (EICSB)

1. AREAS OF REVIEW
The compressed air system (CAS) provides air to safety-related equipment, and also to plant

equipment used only for normal facility operation. APCSB reviews the entire compressed air

system since there may be cases where two systems or subsystems are provided, i.e., a

safety-related control air system (SRCAS), and a station service system for non-safety-
related equipment. If the two systems are interconnected, then the area of review will

extend from the safety-related portion to the outermost isolation valve on all interconnec-
tions between the two systems. If the systems are not connected, then the review will be

limited to the SRCAS.

1. APCSB reviews the systems to identify the safety-related air operated devices that are

supplied by the system, and whether each requires a source of supply air in order to
perform the safety-related function.

2. APCSB then reviews to determine that:

a. A failure of a component, or the loss of a compressed air source does not negate

the safety-related functional performance of the system.

b. The system components and pipes have sufficient physical separation or barriers

to protect the essential portions of the system from missiles, and from the effects
of breaks and cracks in high and moderate energy fluid system piping close to the
SRCAS.

3. The APCSB reviews the system to determine that the effects of failure of non-seismic
Category I equipment or components will not affect the functioning of the SRCAS.

USNRC STANDARD REVIEW PLAN
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4. APCSB reviews the design of the SRCAS with respect to the following:

a. Capability to isolate portions or components of the system in case of component
malfunction.

b. Instrumentation and control features provided to determine and verify that the

system is operating in a correct mode (e.g., valve position indication, pressure).

c. Functional capability of the system in the event of adverse environmental
phenomena, abnormal operational requirements, or accident conditions such as a

loss-of-coolant accident (LOCA) or main steam line break concurrent with loss of

offsite power.

5. The applicant's proposed technical specifications are reviewed for operating license

applications as they relate to areas covered in this plan.

Secondary reviews are performed by other branches and the results used by the APCSB to

complete the overall review of the system. The secondary reviews are as follows. The SEB

will determine the acceptability of the design analyses, procedures, and criteria used to

establish the ability of seismic Category I structures housing the system and supporting

systems to withstand the effects of natural phenomena such as the safe shutdown earthquake

(SSE), the probable maximum flood (PMF), and tornado miesiles. The MEB will review the

seismic qualification of components and confirm that the system is designed in accordance

with applicable codes and standards. The EICSB will determine the adequacy of the design,

installation, inspection, and testing of all essential electrical components.

II. ACCEPTANCE CRITERIA

The acceptability of the design of the safety-related control air system, as described in

the applicant's safety analysis report (SAR), is based on specific general design criteria
and regulatory guides. An additional basis for determining acceptability of the system

will be the degree of similarity of the design with that for previously reviewed plants

with satisfactory operating experience. The design of the SRCAS is acceptable if the
integrated design of the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the system
itself being capable of withstanding the effects of natural phenomena such as earth-

quakes, tornadoes, hurricanes, and floods, as established in Chapter 2 of the SAR.

2. General Design Criterion 4, with respect to structures housing the systems and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and Jet impingement forces associated with

pipe breaks.

3. Gieneral Design Criterion 5, as related to the capability of shared systems and compo-

nents important to safety to perform required safety functions. _
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4. Regulatory Guide 1.26, as related to the quality group classification of systems and

components.

S. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

6. Branch Technical Positions APCSB 3-1 and MEB 3-1, as related to breaks in high energy

piping or cracks in moderate energy piping systems outside containment.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine that

the design criteria and bases and the preliminary design as set forth in the preliminary

safety analysis report meet the acceptance criteria given in Section 1I of this plan. For

operating license (OL) reviews, the procedures are used to verify that the initial design

criteria and bases have been appropriately implemented in the final design as set forth in

the final safety analysis report. The procedures for OL reviews include a determination

that the content and intent of the technical specifications prepared by the applicant are

in agreement with the requirements for system testing, minimum performance, and surveil-

lance developed as a result of the staff's reyiew.

As a result of various CAS designs provided for different plants, there will be variations

in system requirements. For the purpose of this plan, a typical system is assumed which

has two independent systems, the plant service air system, and a safety-related control air

system (SRCAS). For cases where there are variations from this arrangement, the reviewer

adjusts the review procedures given below. However, the system design would be required to

meet the acceptance criteria in Section II. The reviewer will select and emphasize mate-

rial from this plan as appropriate for a particular case.

1. The SAR is reviewed to identify from information in the system description section and

the piping and instrumentation diagrams (P&IDs) the SRCAS equipment used for normal

operation and for safety feature operation. The reviewer determines that the system

design is acceptable, taking into account the worst expected component operational

degradation (e.g., wet or dirty air). The procedures to be followed to detect and

correct these conditions when degradation becomes excessive are also reviewed.

2. The reviewer, using the results of failure modes and effects analyses, determines that

the system, when operating in the normal mode, is capable of sustaining the loss of

any active component. The reviewer determines, on the basis of previously approved

systems or independent calculations, that the minimum system requirements (as stated

in the SAR) are met for these failure conditions.

3. The system P&IDs, layout drawings, and component descriptions and characteristics are

reviewed to determine the following:

a. Essential portions of the SRCAS are correctly Identified and are isolable from

the non-essential portions of the system. The P&IOs are reviewed to verify that
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they clearly indicate the physical division between each portion. System drawings

are also reviewed to verify that they show the means for accomplishiig isolation

and the system description is reviewed to identify minimum performance requirements

of the isolation valves. For the typical system, the drawings and descriptions

are reviewed to verify that two automatically operated isolation valves in series

separate non-essential portions and components from the essential portions.

b. Essential portions of the SRCAS, including the Isolation valves separating

essential from non-essential portions, are classified Quality Group C or higher

and seismic Category 1. Component and system descriptions in the SAR that identify

mechanical and performance characteristics are reviewed to verify that the above

classifications have been included, and that the P&JDs indicate points of change

in any design classification.

4. The reviewer verifies that the system has been designed so that system function will

be maintained, as required, in the event of adverse environmental phenomena, certain

pipe breaks, or a loss of offsite power. The reviewer evaluates the system, using

engineering judgment and the results of failure modes and effects analyses to deter-

mine that:

a. The failure of non-essential portions of the system or of other systems not

designed to seismic Category I standards and located close to essential portions

of the SRCAS, or of non-seismic Category I structures that house, support, or are

close to the SRCAS, will not preclude operation of the essential portions of the

SRCAS. Reference to SAR Chapter 2 (which describes site features) and the general 0
arrangement and layout drawings, as well as to the SAR tabulation of seismic

design classifications for structures and systems will be necessary. Statements

in the SAR to the effect that the above conditions are met are acceptable.

b. The essential portions of the SRCAS are protected from the effects of floods,

hurricanes, tornadoes, and internally or externally generated missiles. Seismic

design, flood protection, and missile protection criteria are discussed in detail

in Chapter 3 of the SAR. The location and the design of the system, structures,

or cubicles are reviewed to determine that the degree of protection is adequate.

A statement to th.; effect that the system is located in a seismic Category I

structure that is tornado missile and flood protected, or that components of the

system will be located in individual cubicles or rooms that will withstand the

effects of tornado winds, flooding, and missiles is acceptable.

c. An adequate SRCAS air supply source is available, considering the loss of offsite

power. The system design will be acceptable if minimum performance requirements,

as stated in the SAR, are met assuming a concurrent failure of a single active

component, including an emergency power source. The SAR information is reviewed

to verify that for each SRCAS component or subsystem affected by the loss of

offsite power, system capability meets or exceeds the minimum requirements.

Statements in the SAR and the results of failure modes and effects analyses are
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considered to assure that the system meets these requirements. This will be

acceptable verification of system functional reliability.

d. The essential components of the system are protected from the effects of high and

moderate energy line breaks. Layout drawings are reviewed to assure that no high

or moderate energy piping systems are close to essential portions of the SRCAS,

or that protection from the effects of failure will be provided. The means of

providing such protection will be given in Section 3.6 of the SAR, and procedures

for reviewing the information are given in the corresponding review plans.

5. The descriptive information, P&IDs, SRCAS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that the SRCAS will function following

design basis accidents assuming a concurrent single active failure. The reviewer

evaluates failure modes and effects analyses presented in the SAR to assure function

of required components, traces the availability of these components on system drawings,

and checks that the SAR contains verification that minimum compressed air flow require-

ments are met for each degraded situation for the required time spans. For each case

the design will be acceptable if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety evaluation

report:

"The compressed air system includes all components and piping and the points of connec-

tion or interfaces with other systems. The scope of the review of the compressed air

system for the plant included layout drawings, piping and instrumen-

tation diagrams, and descriptive information for operation of essential portions of the
system. [The review has determined the adequacy of the applicant's proposed design

criteria and design bases for the system with regard to the need to maintain a con-
tinous air supply to safety-related components during all conditions of plant opera-
tion. (CP)] [The review has determined that the applicant's design of the compressed

air system and auxiliary supporting systems is in conformance with the design criteria

and bases. (OL))

"The basis for acceptance in the staff review has been conformance of the applicant's

designs and design criteria for the compressed air system and necessary auxiliary

supporting systems to the Commission's regulations as set forth in the general design

criteria, and to applicable regulatory guides, branch technical positions, and industry

standards.

The staff concludes that the design of the compressed air system conforms to all

applicable regulations, guides, staff positions, and industry standards, and is

acceptable."
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V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, 'Design Bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, 'Environmental and Missile

Design Bases."

3. 10 CFR Part 60, Appendix A, General Design Criterion 6, 'Sharing of Structures, Systems,

and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-, Steam-

and Radioactive-Waste-Containing Components of Nuclear Power Plants," Revision 1.

5. Regulatory Guide 1.29, "Seismic Design Classification," Revision l.

6. Branch Technical Positions APCSB 3-1, "Protection Against Postulated Piping Failures

In Fluid Systems Outside Containment," attached to Standard Review Plan 3.6.1, and

MEB 3-1, "Postulated Break and Leakage Locations In Fluid System Piping Outside

Containment," attached to Standard Review Plan 3.6.2.
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p 5 U.S. NUCLEAR REGULATORY COMMISSION* i STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION.9.3.2 PROCESS SAMPLING SYSTEM

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - None

I. AREAS OF REVIEW
ETSB reviews the following information in the applicant's safety analysis report
(SAR):

4!

1. The design objectives and design criteria for the process sampling system (PSS)
are reviewed at the construction permit (CP) stage. During the operating license
(OL) stage of review, ETSB review consists of confirming the design accepted at

the CP stage and evaluating the adequacy of the applicant's technical specifications

In these areas. The review includes identification of the process streams to be

sampled and the parameters to be determined through sampling (e.g., gross beta-

gamma concentration, boric acid concentration).

2. The system description for the PSS is reviewed at the operating license (OL)
stage. The review includes (a) piping and instrumentation diagrams (P&IDs),

(b) provisions for obtaining representative samples, (c) location of sampling

points and sample stations, and (d) provisions for purging sampling lines.

3. The seismic design and quality group classifications of piping and equipment,

and the bases for the classifications chosen are reviewed at the CP stage. At

the OL stage, the review includes desigf and expected temperatures and pressures
and materials of construction of components of the system.

4. The isolation provisions for the system and the means provided to limit radioactive

releases by limiting reactor coolant losses are reviewed at the CP stage.

Sampling and monitoring systems for radwaste processing systems are reviewed by ETSE

under SRP Section 11.5. Secondary reviews are performed by the following branches:
CSB, under SRP Section 6.2.4, reviews the design of isolation provisions of those

portions of the PSS that penetrate primary containment; and ASS, under SRP 3.6.1, reviewsl

the design with respect to the effects of externally or internally generated missiles,
pipe whip, and Jet Impingement forces associated with postulated pipe breaks In high

energy fluid systems or leakage cracks in moderate energy fluid systems.

USNRC STANDARD REVIEW PLAN
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IT. ACCEPTANCE CRITERIA

1. The applicant's design should be such that the PSS has the capability for sampling

all normal process systems and principal components, including provisions for

obtaining samples from at least the following points:

. . Ii

.,

a. For a pressurized waterr reactor (PWR):

Reactor coolant.|
Refueling (borated) water storage tank.

ECCS core flooding tank.

Concentrated boric acid storage tank.

Boric acid mix tank.

Boron injection tank.

Chemical additive tank.

Spoet fuel pool.

Secondary coolant.

Pressurizer tank.

Steam generator blowdown (if applicable).

Secondary coolant condensate treatment wastes

Sumps inside containment.I

Containment atmosphere.

Offgas storage tanks.

b. For a boiling water reactor (BAR):

Mdin condenser evacuation system offgas.

Reactor coolant.

Standby liquid control system tank.

Sumps inside containment.

Spent fuel pool.

Drywell atmosphere (Mark I & II).

Cryogenic still inlet line.

0gb
I
I
I
I

Other sample points that may be included in the

sampling are given in SRP Section 11.5.

The required analysis and frequencies should be

specifications.

PSS but do not require remote

given in the plant technical I

2. ETSB will use the following guidelines for determining the acceptability of the

system functional design:

I

4k,-

i!Revl ---

a. Provisions should be made to assure representative samples from liquid

process streams and tanks. For tanks, provisions should be made to sample

the bulk volume of the tank and to avoid sampling from low points or from

potential sediment traps. For process stream samples, sample points should

-. . .. .. ,.
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be located in turbulent flow zones. Provisions for sampling should be in

accordance with the guidelines in Regulatory Guide 1.21, position C.6.

b. Provisions should be made to assure representative samples from gaseous

process streams and tanks in accordance with ANSI L13.1-1969.

c. Locations of sampling points should be described in the SAR at the OL stage

and should be shown on P&IDs describing the system to be sampled.

d. Provisions should be made for purging sampling lines and for reducing

plateout in sample lines (e.g., heat tracing).

e. Provisions should be made to purge and drain sample streams back to the

system or origin or to an appropriate waste treatment system.

f. Isolation valves should fail in the closed position.

g. Passive flow restrictions to limit reactor coolant loss from a rupture of
the sample line should be provided.

3. The seismic design and quality group classification of sampling lines and components

should conform to the classification of the system to which each sampling line

and component is connected (e.g., a sampling line connected to a Quality Group A

and seismic Category I system should be designed to Quality Group A and seismic

Category I classifcation) as described in Regulatory Guides 1.26, 1.29 and 1.143.

Components and piping downstream of the second isolation valve can be designed

to Quality Group D and nonseismic Category I requirements.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this review plan, as may be appro-

priate for a particular case.

1. In the review of the process sampling system, ETSB compares the list of process

sampling points contained in the SAR with the sampling points identified in

Subsection 11.1, above, to assure that the required process sampling points

have been provided.

2. ETS8 compares the capability of the system to obtain representative samples of

process fluids and the locations of sampling points with the guidelines for

obtaining representative samples of fluids contained in position CA6 of Regulatory

Guide 1.21 and with the principles for obtaining representative samples of gases

contained in ANSI N13.1-1969.

9.3.2-3 Rev. I
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3. ETSB compares the seismic design and quality group classifications of the PSS to

the classifications of the fluid systems to which the sampling system is connected.

4. ETSB reviews the technical specifications for process sampling to determine that

the content and intent of the technical specifications are in agreement with the

requirements developed as a result of the staff's review.

5. ETSB verifies that provisions have been made to limit the potential for reactor

coolant loss from the rupture of a sample line and provides MAB with estimates

of RCS fluid losses that would result from sample line rupture.

IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the review
supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The process sampling system includes piping, valves, heat exchangers, and other

components associated with the system from the point of sample withdrawal from a

fluid system up to the analyzing station, sampling station, or local sampling

point. Our review included the provisions proposed to sample all principal

fluid process streams associated with plant operation and the applicant's proposed

design of these systems. The review has included descriptive information for

the process sampling system and the location of sampling points, as shown on

piping and instrumentation diagrams.

"The basis for acceptance in our review has been conformance of the applicant's

design for the process sampling system to applicable regulations, guides, and

industry standards. Based on our evaluation, we find the proposed system to be

acceptable.'

V. REFERENCES
1. Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactivity in

Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents

from Light-Water-Cooled Nuclear Power Plants."

2. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

3. Regulatory Guide 1.29, "Seismic Design Classification."

4. ANSI N13.1-1969, "Guide to Sampling Airborne Radioactive Materials in Nuclear

Facilities," American National Standards Institute (1969).

5. Regulatory Guide 1.143, "Design Guidance for Radioactive Waste Management Systems,

Structures and Components Installed in Light-Water-Cooled Nuclear Reactor Power

Plants."
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

l

SECTION 9.3.3 EQUIPhENT AND FLOOR DRAINAGE SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Effluent Treatment Systems Branch (ETSB)
Containment Systems Branch (CSB)
Radiological Assessment Branch (RAB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW

The equipment and floor drainage system (EFOS) is designed to assure that waste

liquids, valve and pump leakoffs, and tank drains are directed to the proper area for

processing or disposal. The ASB reviews the equipment and floor drainage system,

including the collection and disposal of liquid effluents outside containment. This

includes piping and pumps from equipment or floor drains to the sumps, and any addi-

tional equipment that may be necessary to route effluents to the drain tanks and then

to the radwaste system.

1. The ASB reviews the EFDS capability to collect and dispose of all waste liquid

effluents so that they will be processed in a controlled and safe manner. ASB

will determine that:

a. The system is capable of handling the volume of leakage expected, including

the capacities of the sumps, drain tanks, and sump pumps.

b. The system is capable of preventing a backflow of water that might result
from maximum flood levels to areas of the plant containing safety-related

equipment.

c. There is no potential for Inadvertent transfer of contaminated fluids to a

non-contaminated drainage system.

2. The seismic design and quality group classifications of piping and equipment,

and the bases for the classifications chosen are reviewed.

Secondary reviews will be performed by other branches and the results used by the

ASB to complete the overall evaluation of the system. The secondary reviews are as

follows. The ETSB will provide verification that the radwaste system Is capable of

I

I

I
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collecting, sampling, analyzing, and processing the effluents from the EFDS consistent
with the requirements for disposal of radwaste material. The CSB will verify that
portions of the drain system penetrating the containment barrier are designed with
acceptable isolation features to maintain containment integrity for all operating
conditions including accidents. RAB will verify that the system will meet occupational
radiation protection criteria of Regulatory Guide 8.8. PSB verifies that power
supplies for safety-related portions of the EFDS meet criteria appropriate to its
safety function.

II. ACCEPTANCE CRITERIA
1. Acceptability of the design of the equipment and floor drainage system, as

described in the applicant's safety analysis report (SAR) Is based on the
system being designed to prevent the flooding of areas housing safety-related
equipment and to prevent the inadvertent transfer of contaminated fluids to non-
contaminated drainage systems for dispo.al.

2. There are no general design criteria or regulatory guides that are directly
applicable to.the safety-related performance requirements for the EFDS. The ASB
uses the following criteria to determine if portions of the EFDS are safety-
related:

a. If the system is capable of detecting leaks in safety systems that utilize
the drainage system sumps, and is the only means for such leakage detection,
it is considered safety-related in this regard.

b. If the system can cause the inundation of safety-related areas due to drain
backflow that may result from malfunction of active components, blockage or
the probable maximum flood, it is considered safety-related in this area.

c. If the system is connected so that an inadvertent transfer of contaminated
fluids to non-contaminated drainage systems can occur, it is considered
safety-related in this area.

3. The general design cri'eria and regulatory guides utilized in review of those
portions of the system where failure or malfunction could result in adverse
effects on essential systems or components (i.e., necessary for safe shutdown,
accident prevention, or accident mitigation) are as follows:

a. General Design Criterion 2, as related to the capability of withstanding
the effects of natural phenomena such as earthquakes, tornadoes, hurricanes,
and floods.

@1
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b. General Design Criterion 4, with respect to the capability of withstanding

the effects of external missiles and Internally generated missiles, pipe

whip and jet impingement forces associated with pipe breaks.

c. Regulatory Guide 1.29, as related to the seismic design classification of

components.

d. Regulatory Guide 8.8, as related to maintaining occupational radiation

exposure as low as practicable.

e. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in

high and moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being

the responsibility of other branches, the acceptance criteria and their methods of

application are contained In the SRP sections corresponding to those branches.

111. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given In subsection

11. For review of operating license (OL) applications, the procedures are utilized

to verify that the initial design criteria and bases have been appropriately implemented

in the final design As set forth in the final safety analysis report.

Upon request from, the primary reviewer, the secondary review brancheb will provide

input for the areas of review stated in subsection I. The primary

reviewer obtains and uses such input as required to assure that this review procedure

is complete.

The reviewer will select and emphasize material from this SRP section, as may be

appropriate for a particular case.

1. The SAR is reviewed to see that the EFDS description section, layout drawings,

and piping and instrumentation diagrams (P&IOs) show the EFDS layout and equipment,

including pumps and valves necessary for routing effluents, the minimum drain

tank capacity system flow requirements, connections to areas containing safety-

related equipment or to non-contaminated drain systems, and any use made of the

EfMS for leakage detection for safety-related systems. The reviewer determines

which portions of the EFDS have safety functions or can adversely affect safety-

related systems, using the criteria of subsection 11.2, above. These "essential"

portions of the EFOS are then reviewed on the basis of the criteria of subsection

11.3, as is described in the paragraphs that follow.
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2. The EFOS performance requirements section of the SAR is reviewed to confirm that

It describes component allowable operational degradation (e.g., drain blockage,

sump pump leakage, or failures) for safety-related portions of the system and

describes the procedures that will be followed to detect and correct these

conditions if they become excessive. The reviewer determines that essential

portions of the system can sustain the loss of any active component and meet

minimum system requirements. The system P&IDs, layout drawings, and component

descriptions and characteristics are then reviewed for the following points:

a. Essential portions of the EFDS are correctly identified and are isolable

from the non-essential portions of the system to the extent required by

system performance requirements.

b. Essential portions of the EFMS are classified Quality Group C or higher and

seismic Category I. Components and system descriptions in the SAR are

reviewed to verify that the seismic and safety classifications have been

included, and that the P&IDs indicate any points of change in piping quality

group classification.

3. The reviewer verifies that the system safety functions will be maintained, as

required, in the event of adverse environmental phenomena such as earthquakes,

tornadoes, hurricanes, and floods, or in the event of certain pipe breaks. The

reviewer evaluates the system, using engineering judgment, failure modes and

effects analyses, and the results of reviews performed under other SRP sections,

to determine that:

a. Failure of non-essential portions of the system, or of other systems not

designed to seismic Category I Standards and located close to essential

portions of the system, or of non-seismic Category I structures that house,

stnport, or are close to essential portions of the EFOS, will not prec1ude

oj-'-ion of the essential portions of the EFDS. Reference to SAR Chapter

2 (wnich describes site features) and the general arrangement and layout

drawings will be necessary. Statements in the SAR to the effect that the

above conditions are met are acceptable.

b. System capability to prevent drain or flood water from backing up in the

drainage system into areas housing safety-related equipment has been incor-

porated. Statements in the SAR that this capability is provided are

acceptable.

c. Provisions are made in the system to control and direct the flow of radio-

active waste fluids to the radwaste area. It will be acceptable if the

system P&IDs and design criteria show that the potential for Inadvertent

transfer of contaminated fluids to noncontaminated drainage system for

disposal has been precluded.

Rev. 1 9.3.3-4
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d. Essential portions of the system are protected from the effects of high and

moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions
of the EFOS, or that protection from the effects of failure will be provided.

The means of providing such protection will be given In Section 3.6 of the

SAR, and the procedures for reviewing this information are given in the

corresponding SRP sections.

4. The descriptive information, PMIMs, EFDS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function as required following design basis accidents, assuming a concurrent

failure of a single active component. The reviewer evaluates the analyses

presented in the SAR to assure function of required components, traces the

availability of these components on system drawings, and checks that the SAR

contains verification that minimum system flow requirements are met for each

accident situation for the required time spans. For each case, the design will

be acceptable if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the foilowing type, to be included in the staff's safety

evaluation report:

"The equipment and floor drainage system includes all piping from equipment or

floor drains to the sump, the sump pumps, and the associated pumps and piping

network necessary to route effluents to the drain tanks and then to the radwaste

system. [The review has determined the adequacy of the applicant's proposed |

design criteria and bases for the equipment and floor drainage system, and the

requirements for continuous removal of liquids from areas containing safety-

related equipment during normal, abnormal, and accident conditions. (CP)] (The

review has determined that the applicant's design of the equipment and floor

drainage systems is in conformance with the design criteria and bases. (OL)3

"The basis for acceptance in the staff review has been conformance of the appli-

cant's designs and design criteria for the essential portions of the equipment

and floor drainage system and necessary auxiliary supporting systems to the

Commission's regulations as set forth in the general design criteria, and to

applicable regulatory guides, staff technical positions, and industry standards.

"The staff concludes that the design of the equipment and floor drainage system

conforms to all applicable regulations, guides, staff positions, and industry

standards, and is acceptable."

9... Rev. I



V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection

Against Natural Phenomena." 9)
2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and

Missile Design Bases."

3. Regulatory Guide 1.29, "Seismic Design Classification."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

S. Regulatory Guide 8.8, "Information Relevant to Maintaining Occupational Radiation

Exposure As Low As Practicable (Nuclear Reactors)."

6. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping

Failures in Fluid Systems Outside Containment," attached to SRP Section 3.6.1,

and MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping

Outside Containment," attached to SRP Section 3.6.2.
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.3.4 CHEMICAL AND-VOLUME CONTROL SYSTEM (PWR)
(INCLUDING BORON RECOVERY SYSTEM)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Core Performance Branch (CPB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Eng9neering Branch (MTEB)
Effluent Treatment Systems Branch (ETSB)
Instrumentation and Control Systems Branch (ICS8)
Radiological Assessment Branch (RAB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW
Pressurized water reactor (PWR) plants include a chemical and volume control system
(CYCS) and boron recovery system (BRS). These systems maintain the required water
Inventory and quality in the reactor coolant system (RCS), provide seal-water flow
to the reactor coolant pumps, control the boron neutron absorber concentration In the
reactor coolant, and control the primary water chemistry. Further, the system provides
recycled coolant for the demineralized water makeup system for normal operation and the
design may also provide high pressure injection flow to the emergency core cooling system
in the event of postulated accidents. The review is performed to assure conformance with
the requirements of General Design Criteria 2, 4, 5, 26, 27, 29 and 33.

1. The AS8 reviews the systems from the letdown line of the primary system to the
charging lines that provide makeup to the primary system and the reactor coolant
pump seal-water system. The system is reviewed to the interfaces with the
demineralized water makeup system and radioactive waste system.

2. The ASB reviews the functional performance characteristics of CVCS components and
reviews the effects of adverse environmental occurrences, abnormal operational
requirements, or accident conditions such as those due to a loss-of-coolant accident
(LOCA).

3. The AS5 reviews the system to determine that a malfunction, a single failure of an
active component, or the loss of a cooling source will not reduce the safety-related
functional performance capabilities of the system.

4. The system is reviewed with respect to the effects of postulated breaks or leakage
cracks in high and moderate energy piping outside containment.
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S. The system is reviewed to determine that quality group and seismic design requirements

are met. The effects of failure of equipment or components not designed to withstand

seismic events on safety-related functions of the system are evaluated.

6. The ASB reviews the system design with respect to the capability to detect, collect,

and control system leakage and to isolate portions of the system in case of excessive

leakage or component malfunctions.! RAB reviews the system with respect to maintaining

occupational radiation exposure as low as practicable.

7. The ASS reviews the system features provided to prevent precipitation of boric acid

in components and lines containing boric acid solutions, and the adequacy of the

system design to protect personnel from the effects of toxic, irritating, or explosive

chemicals that may be used.

8. Provisions for operational testing are evaluated, as are the instrumentation and

control features that determine and verify that the system is operating in the

correct mode.

9. The applicant's proposed technical specifications are reviewed for operating license

applications as they relate to areas covered in this SRP section.

10. The RSB, in accord with SRP Section 15.4.6, reviews the system features to assure

that a decrease in boron concentration in the reactor coolant will not result in a

violation of the fuel damage limits or the system pressure criteria and that adequate

time is available for the reactor operator to terminate any dilution that may occur

before the shutdown margin has been lost.

Secondary reviews are performed by other branches and the results used by the ASS to

complete overall evaluation of the system. The secondary reviews are as follows. The

CPB determines the adequacy of the specified boron concentrations in the primary coolant

for normal and accident conditions. The SEB determines the acceptability of the design

analyses, procedures, and criteria used to establish the ability of Category I structures

housing the system and supporting systems to withstand the effects of natural phenomena

such as the safe shutdown earthquake (SSE), the probable maximum flood (PMF), and tornado

missiles. The MEB reviews the seismic qualification of components and confirms that

components, piping, and structures are designed in accordance with applicable codes and

standards. The KTEB verifies that inservice inspection requirements are met for system

components and upon request will verify the compatibility of the materials of construc-

tion with service conditions. The ICSB and PSB evaluate the controls and instrumentation, I
and power sources, respectively, with regard to their capability, capacity, and reliability|

to perform safety-related functions during normal and emergency conditions. The ETSB

reviews the CVCS and BRS to determine the source terms for possible radioactive releases

and the processing of radioactive effluent from the ORS by the waste management systems.

The RAB will verify that the system meets radiation protection criteria.

Rev. I 9.3.4-2



I. ACCEPTANCE CRITERIA

Acceptability of the CVCS and BRS design, as described in the applicant's safety analysis -'

report (SAR), is based on specific general design criteria and regulatory guides. ListedS below are the specific criteria related to the CVCS and ERS.

The design of the CYCS and BRS is acceptable if the integrated design of the system is in

accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the facility and the

system itself being capable of withstanding the effects of natural phenomena such as

earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated with

pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important to

safety being capable of performing required safety functions.

4. General Design Criterion 26, as related to the CYCS capability to control the rate

of reactivity changes resulting from normal power changes and the capability to

maintain the reactor core subcritical under cold conditions.

5. General Design Criterion 27, as related to the CVCS capability to control reactivity

changes so that under postulated accident conditions, and with appropriate margin

for a stuck control rod, the capability to cool the core is maintained.

6. General Design Criterion 29, as related to the reliability of the CYCS to perform

its safety-related function.

7. General Design Criterion 33, as related to the CVCS capability to supply reactor

coolant makeup in the event of small breaks or leaks in the reactor coolant pressure

boundary so. that specified fuel design limits are not exceeded.

8. Regulatory Guide 1.26, as related to quality group classifications.

9. Regulatory Guide 1.29, as related to seismic design classifications.

10. Regulatory Guide 1.102, as related to the protection of structures, systems, and

components important to safety from the effects of flooding.

11. Regulatory Guide 1.117, as related to the protection of structures, systems, and

components important to safety from the effects of tornado missiles.

9*3*4-3 Rev. I
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12. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the
responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

11. REVIEW PROCEDURES

The procedures below are used du~ring the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection II.

For the review of operating license (OL) applications, the procedures are utilized to

verify that the initial design criteria and bases have been appropriately implemented in

the final design as set forth in the final safety analysis report.

The procedures for OL applications include a determination that the content and intent of

the technical specifications prepared by the applicant are in agreement with the require-

ments for system testing, minimum performance, and surveillance developed as a result of

the staff's review.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such inputs as required to assure that this review procedure is complete.

For the purpose of this SRP section, a typical system is assumed for use as a guide since

the design of the CVCS will vary with each reactor plant supplier. It is assumed that

the typical system consists of a regenerative heat exchanger to cool the letdown flow

from the RCS before rnocessing through the demineralizers and to reheat it prior to

reinjection into the RCS, demineralizers and filters for removal of suspended and

dissolved impurities, high pressure charging pumps to inject makeup flow into the RCS, a

volume control tank for system surge capacity and makeup volume, a boron makeup and

storage system to provide neutron absorber to the RCS as needed, evaporators and tanks

for boron recovery and demineralized water makeup, and a boron thermal regeneration

subsystem to minimize the quantity of waste water and allow reactivity control by varying

the temperature of demineralizers so as to remove or add boron to the CVCS. For cases

where there are variations from this system, the reviewer would adjust the review procedures

given below. However, the system design would be required to meet the acceptance criteria

given in subsection II.

1. The SAR is reviewed to determine that the system description and piping and

instrumentation diagrams;P&MD;show the CYCS equipment that is used for rormal oper-

ation, and the minimum system heat transfer and flow requirements for normal plant

operation. The system performance requirements will also be reviewed to determine

that it limits expected component operational degradation (e.g., pump leakage, heat 9
exchanger scaling, resin deterioration) and describes the procedures that will be

Rev. 1
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followed to detect and correct these conditions when they become excessive. The

reviewer, using the results of failure modes and effects analysts, comparisons with

previously approved systems, or Independent calculations, as appropriate, determines0 that the system can sustain the loss of any active component and meet the minimum

system requirements for site shutdown or accident mitigation. The system P&I0s,

layout drawings, and component descriptions and characteristics are then reviewed

for the following points:

a. Essential portions of the CVCS are correctly identified and are verified to be

isolable from the non-essential portions of the system. The P&IDs will be

reviewed to verify that they clearly indicate physical divisions between such

portions and indicate design classification changes. System drawings are also

reviewed to see that they show the means for accomplishing isolation and the

system description is reviewed to identify minimum performance requirements for

the isolation valves.

b. Essential portions of the CVCS, including the isolation valves separating

essential portions from non-essential portions, are classified Quality Group C

and seismic Category I. Component and system descriptions in the SAR are

reviewed to verify that the above seismic and safety classifications have been

included, and that the P&IDs indicate any points of change in piping quality

group classification.

c. Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It will be

acceptable if the SAR information delineates a testing and inspection program

and if the system drawings show the connections and special piping and equipment

required by this program.

d. The system description and drawings are reviewed in conjunction with the reactor

coolant system to determine that the CVCS has sufficient pumping capacity to

maintain the RCS water inventory within the allowable pressurizer level range

for all normal modes of operation, including startup from cold shutdown, full

power operation, and plant cooldown. It is further ascertained from a review

of the P&IMs that makeup to the RSC can be accomplished via two redundant

appropriately designed flow paths.

e. Using the results of evaluations performed by the CPS, the ASS verifies the

adequacy of the system for reactivity control in the following areas:

(1) Boration of the reactor coolant system is accomplished through either of

two flow paths and from either of two boric acid sources. This is verified

from the review of P&IDs and system description.

...ReW.' ,.--
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(2) The amount of boric acid stored in the CVCS exceeds the amount required to
borate the reactor coolant system to cold shutdown concentratints, assuming

that the control assembly with the highest reactivity worth is held in the
fully withdrawn position, and to compensate for subsequent xenon decay
during any part of core life. This is verified from a review of the SAR.

(3) The CYCS is capable of counteracting the inadvertent positive reactivity

insertion caused by the maximum boron dilution accident.

f. The adequacy of the CVCS for control of water chemistry is verified by examina-

tion of the information provided in the SAR, i.e., the allowable ranges for
primary coolant activity, total dissolved solids, pH, and maximum allowable

oxygen and halide concentrations.

g. The adequacy of resin overtemperature protection is verified by reviewing the
system description and drawings to determine that temperature sensors are

provided that will actuate the demineralizer bypass or isolation valves.

h. The boron thermal regeneration subsystem is reviewed to determine the maximum

change in primary coolant boron concentration due to equipment or control
errors as determined from failure modes and effects analyses.

1. The operating procedures and controls for boron addition and primary coolant

dilution are reviewed for adequacy. 0
J. The system P&JDs are examined to determine that all components and piping that

can contain boric acid .11l either be heat traced or will be located within

heated rooms to prevent precipitation of boric acid.

2. The reviewer verifies that the safety function of the system will be maintained as

required in the event of adverse environmental phenomena such as earthquakes,

tornadoes, hurricanes, and floods, or in the event of certain pipe breaks or loss of

offsite power. The reviewer uses engineering judgment, failure modes and effects

analyses, and the results of resicns performed under other SRP sections, as
applicable, to determine the following:

a. The failure of portions of the system or of other systems not designed to

seismic Category I standards and located close to essential portions of the

system, or of non-seismi: Category I structures that house, support, or are
close to essential portions of the CVCS, will not preclude operation of the

essential portions of the CVCS. Reference to SAR sections describing site
-features and the general arrangement and layout drawings will be necessary, as
well as the SAR tabulation of seismic design classifications for structures and

systems. Statements in the SAR that verify that the above conditions are met
are acceptable. (CP)
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b. The essential portions of the CVCS are prctected from the effects of floods,

hurricanes, tornadoes, and internally or externally generated missiles. Flood

protection and missile protection criteria are discussed and evaluated in

detail under the SRP Section 3 series. The location and the design of the

system, structures, and pump rooms (cubicles) are reviewed to determine that

the degree of protection provided is adequate. A statement to the effect that

the system is located in a seismic Category I structure that is tornado missile

and flood protected, or that components of the system will be located in

individual cubicles or rooms that will withstand the effects of both flooding

and missiles is acceptable.

c. Essential portions of the system are protected from the effects of high energy

line breaks and moderate energy line cracks. Layout drawings of the system are

reviewed to assure that no high or moderate energy piping systems are close to

essential portions of the CVCS, or that protection from the effects of failure

will be provided. The means of providing such protection will be given in

Section 3.6 of the SAR and procedures for reviewing this information are given

in SRP Section 3.6.

d. Essential components and subsystems (i.e., those necessary for safe shutdown)

can function as required in the event of loss of offsite power. The system

design will be acceptable if the CVCS meets minimum system requirements as

stated in the SAR assuming a failure of a single active component, within the

system or in the auxiliary electric power source, which supplies the system.

The SAR is reviewed to verify that for each CVCS component or subsystem

affected by the loss of offsite power, boric acid addition and coolant charging

capabilities meet or exceed minimum requirements. Statements in the SAR and

the results of failure modes and effect analyses are considered in assuring

that the system meets these requirements. This will be an acceptable verifica-

tion of system functional reliability.

3. The descriptive information, P&IDs, layout drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

will function following design basis accidents assuming a single active component

failure. The reviewer evaluates the analyses presented in the SAR to assure

function of required components, traces the availability of these components on

system drawings, and checks that the SAR contains verification that minimum

system flow and heat transfer requirements are met for each accident situation

for the required time spans. For each case, the design will be acceptable if

minimum system requirements are met.

4. The boron recovery system is not required for safe shutdown, or for the prevention

or mitigation of postulated accidents. The BRS will be reviewed for the following:

If the system tankage is of non-seismic Category I design, the results of analyses

which postulate the rupture of tanks are reviewed to verify that the accident
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releases are in accordance with safe limits. The facility design, including P&IDs,
are reviewed to assure that safety-related equipment will not be adversely affected

by flooding.

.�

£

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

"The chemical and volume control system (including boron recovery system) includes

components and piping associated with the system from the letdown line of the primary

system to the charging lines that provide makeup to the primary system and the

reactor coolant pump seal water system. Based on the review of the applicant's

proposed design criteria, design bases and safety classification for the chemical

and volume control system, and the requirements for system performance of necessary

functions during normal, abnormal, and accident conditions, the staff has determined

that the design of the chemical and volume control system and supporting systems is

in conformance with the Commission's regulations as set forth in General Design

Criterion 2, "Design Bases for Protection Against Natural Phenomena," General Design

Criterion 4, "Environmental and Missile Design Bases," General Design Criterion 5,

"Sharing of Structures, Systems, and Components," General Design Criterion 26,

"Reactivity Control System Redundancy and Capability," General Design Criterion 27,

"Combined Reactivity Control Systems Capability," General Design Criterion 29,

"Protection Against Anticipated Operational Occurrences," General Design

Criterion 33, "Reactor Coolant Makeup," and meets the guidelines contained in

Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants,"

Regulatory Guide 1.29, "Seismic Design Classification," Regulatory Guide 1.102,

"Flood Protection for Nuclear Power Plants," Regulatory Guide 1.117, "Tornado Design

Classification," Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear

Power Plants," and Branch Technical Fositions ASB 3-1 and MEB 3-1 and, therefore, is

acceptable.

I
I

V. REFERENCES

1. 10 CFR Part 50, Appendix A,

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A,

Design Bases."

3. 10 CFR Part 50, Appendix A,

Systems, and Components."

4. 10 CFR Part 50, Appendix A,

Redundancy and Capability."

General Design Criterion 2, "Design Bases for Protection

General Design Criterion 4, "Environmental and Missile

General Design Criterion 5, "Sharing of Structures,

General Design Criterion 26, "Reactivity Control System

t,
I ~.
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7. 10 CFR Part 50, Appendix A, General Design Criterion 33, "Reactor Coolant Makeup."

I
8. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

9. Regulatory Guide 1.29, "Seismic Design Classification."

I
10. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

11. Regulatory Guide 1.117, "Tornado Design Classification."

12. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1. and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.
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SECTION 9.3.5 STANDBY LIQUID CONTROL SYSTEM (BSWR)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Core Performance Branch (CP8)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (KTEB)
Structural Engineering Branch (SEB)
Instrumentation and Control Systems Branch (ICSB)
Reactor Systems Branch (RSB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW
Boiling water reactor (BWR) plants include a standby liquid contral system (SLCS) that
provides backup capability for reactivity control independent of the control rod system.
The SLCS functions by injecting a boron solution into the reactor to effect shutdown.
This system has the capability for controlling the reactivity difference between the
steady-state operating condition at any time In core life and the cold shutdown condi-
tion. The review covers the SLCS design to the point where the system connects to the
reactor coolant system (RCS). The AS8 reviews the system to determine Its adequacy to
perform the shutdown function to assure conformance with the requirements of General
Oesign Criteria 2, 4, 21. 26 and 27. Other points reviewed by ASB are as follows:

1. The functional performance characteristics of SLCS components and the effects of
adverse environmental occurrences, abnormal operational conditions, or accident
conditions such as those due .to a loss-of-coolant accident (LOCA).

2. The system to determine that a malfunction or a single failure of a component will
not reduce the safety-related functional performance capabilities of the system.

3. The system with respect to the effects of postulated breaks and cracks in high and
moderate energy piping.

4. To determine that quality group and seismic design requirements are met for the
system.

5 The system design with respect to the capability to detect, collect, and control
system leakage and the capability to isolate portions of the system in case of
excessive leakage or component malfunctions.
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6. The capability of the system to prevent precipitation of the neutron absorber in

components and lines containing the absorber solutions.

7. The provisions for operational testing and the instrumentation and control features

that verify that the system Is available to operate in the correct mode.

8. The applicant's proposed technical specifications for operating license applica-

tions as they relate to areas covered in this SRP section.

Secondary review evaluations are performed by other branches to complete the overall

evaluation of the system. The secondary reviews are as follows. The CPB determines

the adequacy of the specified boron neutron absorber quantities and concentrations

required in the primary coolant to assure that the plant can be brought from rated

power to ;old shutdown at any time in core life with the control rods withdrawn in the

rated power pattern. The SEB determines the acceptability of the design analyses,

procedures, and criteria used to establish the ability of Category I structures housing

the system and supporting systems to withstand the effects of natural phenomena such as

the safe shutdown earthquake (SSE), the probable maximum flood (PMF), and tornado

missiles. The MEB reviews the seismic qualification testing of components and confirms

that components, piping, and structures are designed in accordance with applicable

codes and standards. The RSB verifies that the redundant reactivity control systems

are not vulnerable to common mode failures. The MTEB verifies that inservice inspection

requirements are met for system components and upon request verifies the compatibility

of the materials of construction with service conditions. The ICSB and PSB determine the

adequacy of the design, installation, inspection, and testing of electrical components

(sensing, control, and power) required for proper operation.

IX. ACCEPTANCE CRITERIA

Acceptability of the SLCS design, as described in the applicant's Safety Analysis

Report (SAR), is based on specific general design criteria and regulatory guides.

Listed below are specific acceptance criteria related to the SLCS.

The design of the SLCS is acceptable if the integrated design of the system is in I

accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and Jet impingement forces associated

with pipe breaks.
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3. General Design Criterion 21, as related to system design requirements for high
functional reliability, inservice testability, and capability to meet the single, ~ failure criterion.

4. General Design Criterion 26, as related to the requirement that two independent
reactivity control systems of different design principles be provided, and the
requirement that one of the systems shall be capable of holding the reactor

subcritical in the cold condition.

5. General Design Criterion 27, as related to the SLCS capability to control the rate

of reactivity changes resulting from normal power changes and the capability to
maintain the reactor core subcritical under cold conditions.

6. Regulatory Guide 1.26, as related to the quality group classification of system

components.

7. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

8. Regulatory Guide 1.102, as related to the protection of structures, systems and

components important to safety from the effects of flooding.

9. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

10. Branch Technical Positions ASB 3-1 and NEB 3-1, as related to breaks in high and

moderate energy piping systems outside the drywell.

For those areas of review identified in subsection I o1 this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection II.
For the review of operating license (OL) applications, the procedures are utilized to

verify that the initial design criteria and bases have been appropriately implemented

in the final design as set forth in the final safety analysis report.

The procedures for OL applications include a determination that the technical specifi-

cations prepared by the applicant are in agreement with the requirements for system

testing, minimum performance, and surveillance developed as a result of the staff's

review.
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Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains

and uses such input as required to assure that this review procedure is complete.

For the purpose of this SRP section, a typical system is assumed for use as a guide.

It is assumed that the SLCS consists of a boron solution tank, a test water tank, two

positive displacement pumps, two explosive valves, and associated local valves and

controls. For cases where there are variations from this system, the reviewer would

adjust the review procedures given below. However, the system design would be required

to meet the acceptance criteria given in subsection 11.

1. The SAR is reviewed to determine that the system description and piping and instru-

mentation diagrams (P&IDs) delineate the SLCS equipment. The reviewer, using the

results of failure modes and effects analyses, comparisons with previously approved

systems, or independent calculations, as appropriate, determines that the system

can sustain the loss of any active component and meet the minimum system require-

ments for the safe shutdown and accident mitigation. The system P&IDs, layout

drawings, and component descriptions and characteristics are reviewed to determine

the following:

a. The SLCS is classified Quality Group B and seismic Category I. Component and

system descriptions in the SAR should verify that these classifications have

been included, and the P&IDs should indicate any points of change in piping

quality group classification.

b. Design provisions have been made that permit appropriate inservice inspection

and functional testing of the system. It will be acceptable if the SAR

information delineates a testing and inspection program and if the system

drawings show the connections and special piping and equipment required by

this program.

c. Using the results of the evaluation performed by the Core Performance Branch,

the ASB determines that the system has the capability to store the required

quantity of neutron absorber in solution and that the injection rate is

sufficient to bring the reactor from rated power to cold shutdown at any time

in core life with the control rods remaining withdrawn in the rated power

pattern, taking into account the reactivity gains from complete decay of the

rated power xenon inventory, an allowance for imperfect mixing and leakage,

and dilution by the residual heat removal system.

d. The system P&IOs indicate that adequate means are provided to maintain the

system temperature above the saturation temperature of the neutron absorber

solution.
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e. The controls and the summary of operating and test procedures for neutron

absorber addition are adequate.

. 2. The reviewer verifies that the safety function of the system will be maintained as

required in the event of adverse environmental phenomena such as earthquakes,
tornadoes, hurricanes, and floods, or in the event of certain pipe breaks or loss
of offsite power. The reviewer uses engineering Judgment, failure modes and
effects analyses, and the results of reviews performed under other SRP sections,
as applicable, to determine the following:

a. The failure of systems not designed to seismic Category I standards and

located close to essential portions of the system, or of non-seismic struc-

tures that house, support, or are close to essential portions of the SLCS,

will not preclude operation of the SLCS. Reference to SAR sections describ-
1ng site features and the general arrangement and layout drawings will be

necessary, as well as the SAR tabulation of seismic design classifications
for structures and systems. Statements in the SAR that verify that the above

conditions are met are acceptable. (CP)

b. The SLCS is protected from the effects of floods, hurricanes, tornadoes, and
internally or externally generated missles. Flood protection and missile
protection criteria are discussed and evaluated in detail under tho SRP

Section 3 series. The location and the design of the system, structures, I
and pump rooms (cubicles) are reviewed to determine that the degree of

protection provided is adequate. A statement to the effect that the
system is located in a seismic Category I structure that is tornado

missile and flood protected, or that components of the system will be located

in individual cubicles or rooms that will withstand the effects of both

flooding and missiles is acceptable.

C. Essential portions of the system are protected from the effects of high and

moderate energy line breaks. Layout drawings of the system are reviewed to

assure that no high or moderate energy piping systems are close to essential

portions of the SLCS or that protection from the effects of failure is pro-

vided. The means of providing such protection will be given in Section 3.6

of the SAR and procedures for reviewing the information presented are given

in SRP Section 3.6.

d. Essential components and subsystems (i.e., those necessary for safe shutdown)

can function as required in the event of loss of offsite power. The system

design is acceptable if the SLCS meets minimum system requirements as stated

in the SAR assuming a failure of a single active component within the system

or in the auxiliary electric power source which supplies the system. State-

ments in the SAR and the results of failure modes and effects analyses are

considered in assuring that the system meets these requirements. This will
be an acceptable verification of system functional reliability.
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3. The descriptive information, P&IDs, layout drawings, and failure modes and effects
analyses in the SAR are reviewed to assure that essential portions of the system

will function following design basis accidents assuming a single active component
failure. The reviewer evaluates the information in the SAR to assure function of
required components, traces the availability of these components on system drawings,
and checks that the SAR contains verification that minimum system flow requirements
are met for each accident situation for the required time spans. For each case,
the design will be acceptable if minimum systems requirements are met.

-I � 1
I
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the fol ving type, to be included in the staff's safety

evaluation repcrt:

"The standby liquid control system (SLCS) includes storage tanks, pumps, valves,

and piping to the point where the system connects to the reactor coolant boundary.

The SLCS is provided on BWRs only. Based on the review of the applicant's proposed

design criteria, the design bases and safety classifications for the standby

liquid control system, and the requirements for system functions to provide reac-

tivity 4ontrol during accident conditions, the staff concludes that the design of

the -4ainoby liquid control system is in conformance with the Commission's regula-

tions as set forth in General Design Criterion 2, "Design Bases for the Protection

Against Natural Phenomena," General Design Criterion 4, "Environmental and Missile

Design Bases," General Design Criterion 21, "Protection System Reliability and

Testing," General Design Criterion 26, "Reactivity Control System Redundancy and

Capability," General Design Criterion 27, "Combined Reactivity Control Systems

Capability," and meets the guidelines contained in Regulatory Guide 1.26, "Quality

Group Classifications and Standards for Water-, Steam-, and Radioactive-Waste-

Containing Components of Nuclear Power Plants," Regulatory Guide 1.29, "Seismic

Design Classification," Regulatory Guide 1.102, "Flood Protection for Nuclear

Power Plants," Regulatory Guide 1.117, "Tornado Design Classification," and Branch

Technical Positions ASB 3-1 and MEB 3-1, and, therefore, is acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General

Design Bases."

3. 10 CFR Part 50, Appendix A, General

Reliability and Testability."

4. 10 CFR Part 50, Appendix A, General

System Redundancy and Capability."
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S. 10 CFR Part 50, Appendix A, General Design Criterion 27, ,"CombinediReactivity

Control Systems Capability."

t 6. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

7. Regulatory Guide 1.29, "Seismic Design Classification."

8. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

9. Regulatory Guide 1.117, "Tornado Design Classification."

10. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and 14EB 3-l,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.
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VA U.S. NUCLEAR REGULATORY COMMISSION

/ STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.1 CONTROL ROOM AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxlliary Systems Branch (ASS)

Secondary - Instrumentation and Control Systems Branch (ICSB)
Mechanical Engineering Branch (ME8)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Power Systems Branch (PSB) |

I. AREAS OF REVIEW

The function of the control room area ventilation system (CRAVS) Is to provide a con-

trolled environment for the comfort and safety of control room personnel and to assure

the operability of control room components during normal operating, anticipated opera-

tional transient, and design bAtis accident conditions.

The ASB reviews the CRAVS from the air intake to the point of discharge where the

system connects to the gaseous cleanup and treatment system or station vents to assure

conformance with the requirements of General Design Criteria 2, 4, 5 and 19. The

review includes components such as air intakes, ducts, air conditioning units, filters,

blowers, isolation dampers or valves, and exhaust fans. The review of the CRAVS covers

the control room, switchgear and battery rcnm, access control area, control building

heating, ventilating, and air conditioning (HNAC) equipment room, and computer room.

1. The ASB reviews the CRAVS to determine the safety significance of the system.

Based on this determination, the safety-related portions of the system are reviewed

with respect to the functional performance requirements to maintain the habitability

of the control roor area and other safety-related areas served by the control room

ventilation system during adverse environmental occurrences, during normal opera-

tion, anticipated operational occurrences, and subsequent to postulated accidents.

The review includes the effects of radiation, combustion and other toxic products,

and the coincidental loss of offsite power. The ASE reviews safety-related por-

tions of the system to assure Lhat:

a. A single active failure cannot result in loss of the system functional perfor-

mance capability.

b. Components and piping have sufficient physical separation or barriers to

protect essential portions of the system from missiles, pipe whip, and fires.
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c. Failures of non-seismic Category I equipment or components will not affect

the CRAVS.

2. The ASB also reviews safety-related portions of the CRAVS with respect to the
following:

a. The ability of the control room heating and cooling subsystems to maintain a

suitable ambient temperature for control room personnel and equipment.

b. The ability to detect, filter, or expedite safe discharge of airborne contam-
inants inside the control room.

c. The provisions for the detection and isolation of portions of the system in
the event of fires, failures, or malfunctions.

d. The ability of essential equipment being serviced by the ventilation system

to function under the worst anticipated degraded CRAVS performance.

e. To determine that the quality group and seismic design requirements are met

for the system.

3. The Accident Analysis Branch (AAB) evaluates the concentrations of airborne con-

taminants in the vicinity of the intake and exhaust vents resulting from accidental

release on the plant site, and the AAB also has primary responsibility for the

control room ventilation system with respect to verifying that the control room

habitability is maintained (see SRP Section 6.4).

4. The Effluent Treatment Systems Branch (ETSB) evaluates the effectiveness of the

CRAVS filters to remove airborne contaminants prior to discharge to the environment

(see SRP Section 6.5.1).

5. The applicant's proposed technical specifications are reviewed for operating

license applications, as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the system. The SEB determines the acceptability of

the design analyses, procedures, and criteria used to establish the ability of seismic

Category I structures housing the system and supporting systems to withstand the

effects of natural phenomena such as the safe shutdown earthquake (SSE), the probable

maximum flood (PMF), and tornado missiles. The MEB, upon request, reviews the seismic

qualification of components and confirms that components, piping, and structures are

designed in accordance with applicable codes and standards. The MTEB verifies that

inservice inspection requirements are met for system components and upon request will

verify the compatibility of the materials of construction with service conditions. The
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ICSB and PSB determine the adequacy of the design, Installation, inspection, and test-

ing of all essential electrical components (sensing, control and power) required for

proper operation.

II. ACCEPTANCE CRITERIA

Acceptability of the CRAYS design, as described in the applicant's safety analysis

report (SAR), Is based on specific general design criteria and regulatory guides.

The design of safety-related portions of the CRAVS is acceptable if the integrated

design of the system is in accordance with the following criteria:

1. Generai Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and Jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety.

4. General Design Criterion 19, as related to providing adequate protection to permit

access and occupancy of the control room under accident conditions.

5. Regulatory Guide 1.26, as related to the quality group classification of systems

and components.

6. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

7. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

8. Branch Technical Position ASB 9.5-1, as related to capability of the system to

remove smoke.

9. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.
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III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection II. I ^

For the review ot operating license applications, the procedures are used to verify

that the initial design criteria and bases have been appropriately implemented in the

final design as set forth in the final safety analysis report. The procedures {or OL

reviews include a determination that the cantent and intent of the proposed technical

specifications are in agreement with the requirements for system testing, minimum

performance, and surveillance developed as a result of the staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection 1. The primary reviewer obtains and

uses such input as required to assure that this review procedure is complete.

As a result of various CRAVS designs proposed by applicants, there will be variations

in system requirements. For the purpose of this SRP section, a typical system with

redundant subsystems is assumed with each subsystem having an identical essential

(safety features) portion. For cases where there are variations from this typical

arrangement, the reviewer would adjust the review procedures given below. However, the

system design would be required to meet the acceptance criteria given in subsection II.

The reviewer will select and emphasize material from this SRP section as may be appro-

priate for a particular case.

1. The SAR is reviewed to verify that the system description and piping and instrumen-

tation diagrams (P&IDs) show the CRAVS equipment used for normal and emergency

operations, and the ambient temperature limits for the areas serviced. The system

performance requirements section is reviewed to determine that it describes allow-

able component operational degradation (e.g., loss of cooling function, damper

leakage) and describes the procedures that will be followed to detect and correct

these conditions. The reviewer, using results from failure modes and effects

analyses, determines that the safety-related portion of the system is capable of

functioning In spite of the loss of any active component.

2. The system P&IDs, layout drawings, and component descriptions and characteristics

are then reviewed to determine that:

a. Essential portions of the CRAVS are correctly identified and are Isolable

from non-essential portions of the system. The P&IDs are reviewed to verify

that they clearly indicate physical divisions between such portions and

indicate design classification changes. System drawings are also reviewed to

verify that they show the means for accomplishing isolation and the system

description is reviewed to identify minimum performance requirements for the

isolation dampers. For the typical system, the drawings and description are

reviewed to verify that two automatically operated isolation dampers in h
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series separate non-essential portions and components from the essential

portions.

b. Essential portions of the CRAVS, including the isolation dampers separating

essential from non-essential portions are classified Quality Group C and

seismic Category I. Component and system descriptions in the SAR that iden-

tify mechanical and performance characteristics are reviewed to verify that

the above classifications have been included and that the P&IDs indicate

points of change in design classification.

c. Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It is

acceptable if the SAR information delineates a testing and inspection program

and if the system drawings show the necessary test recirculation loops around

pumps or isolation valves that would be required by this program.

3. The reviewer verifies that the system has been designed so that system function

will be maintained as required in the event6f adverse environmental phenomena or

in the event of certain pipe breaks or loss of offsite power. The reviewer evalu-

ates the system, using engineering judgment and the results of failure modes and

effects analyses to determine that:

a. ihe failure of non-essential portions of the system or of other non-essential

systems, :tructures or components located close to essential portions of the

system will not preclude operation of the essential portions of the CRAVS.

Reference to SAR sections describing site features and the general arrangement

and layout drawings will be necessary, as well as the SAR tabulation of

seism c design classifications for structures and systems. Statements in the

SAR that verify that the above conditions will be met are acceptable at the

CP stage.

b. The essential portions of the CRAVS are protected from the effects of floods,

hurricanes, tornadoes, and internally or externally generated missiles.

Flood protection and missile protection criteria are discussed and evaluated

in detail under Section 3 series of the SRP. The location and the design of

the system, structures, and pump rooms (cubicles) are reviewed to determine

that the degree of protection is adequate. A statement to the effect that

the system is located in a seismic Category I structure that is tornado

missile and flood protected, or that components of the system will be located

in individual seismic Category I cubicles or rooms that will withstand the

effects of both flooding and missiles is acceptable.

c. The total system has the capability to detect and control leakage of airborne

contamination into the system. It is acceptable if the following conditions

are met:
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(1) The system P&IOs show monitors located in the system intakes that are

capable of detecting radiation, smoke, and toxic chemicals. The monitors

should actuate alarms in the control room.

(2) The capability for isolation of non-essential portions of the CRAVS by

two automatically actuated dampers in series is shown on the P&IDs.

(3) The CRAVS has provisions for an internal recirculation filtering mode of

operation or can discharge airborne contaminants from the control room

area using a once-through ventilation mode, as applicable.

(4) Provisions for isolation of the control room upon smoke detection at the

air intakes are shown on the P&IDs. The isolation may be actuated manu-

ally for most cases. Automatic isolation may be required in special

cases such as for fires resulting from aircraft crashes.

d. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the CRAVS, or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the

SAR and procedures for reviewing this information are given in SRP Section 3.6.1J

e. Essential components and subsystems can function as required in the event of

loss of offsite power. The system design will be acceptable if the CRAVS

meets minimum system requirements as stated in the SAR assuming a failure of

a single active component within the system itself or in the auxiliary elec-

tric power source which supplies the system. The SAR is reviewed to see that

for each CRAVS component or subsystem affected by the loss of offsite power,

the resulting system operation will not affect safety of control room personnel

or the performance of any essential equipment. Statements in the SAR and the

results of failure modes and effects analyses are considered in verifying

that the system meets these requirements. This will be an acceptable verifi-

cation of system functional reliability.

f. Essential portions of the CRAVS are protected from the effects of fire. The

design bases and criteria for providing acceptable protection from the effects

of fires are reviewed under SRP Section 9.5.1.

4. The descriptive information, P&IDs, CRAVS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following design basis accidents assuming a concurrent single active

failure. The reviewer evaluates the analyses presented in the SAR to assure

function of required components, traces the availability of these components on

system drawings, and checks that the SAR contains verification that minimum system
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isolation or filtration requirements are met for each accident situation for the

required time spans. For each case the design will be acceptable if minimum

system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following' type, to be included in the staff's safety

evaluation report;

"The control room area ventilation system (CRAVS) includes all components and

ducting from the intake vents to the exhaust structure. Based on the review of

the applicant's proposed design criteria, the design bases, and safety classification

for the control room area ventilation system, and the requirements for system

performance to maintain a suitable environment during normal, abnormal, and accident

conditions, the staff concludes that the design of the control room area ventila-

tion system and auxiliary supporting systems is in conformance with the Commission's

regulations as set forth in General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena," General Design Criterion 4, "Environmental and

Missile Design Bases," General Design Criterion 5, "Sharing of Structures, Systems

and Components," General Design Criterion 19, "Control Room," and meets the guide-

lines contained in Regulatory Guide 1.26, "Quality Group Classifications and

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

Nuclear Power Plants," Regulatory Guide 1.29, 'Seismic Design Classification,"

Regulatory Guide 1.117, "Tornado Design Classification," Branch Technical Position

ASB 9.5-1, "Fire Protection for Nuclear Power Plants," and Branch Technical

Positions ASB 3-1 and MEB 3-1 and is, therefore, acceptable.

V. REFIRENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "'Sharing of Structures,

Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 19, "Control Room."

5. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

6. Regulatory Guide 1.29, "Seismic Design C'assification."

I
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7. Rejulatory Guide 1.117, "Tornado Design Classification."

8. Branch Technical Position ASB 9.5-1, 'Fire Protection for Nuclear Power Plants,"

attached to SRP Section 9.5.1.

9. Branch Tecoinical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and L.eakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2. ;
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,'t U.S. NUCLEAR REGULATORY COMMISSION

/ STANDARD REVIEW PLAN
OFFrCE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.2 SPENT FUEL POOL AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Mechanical Engineering Branch (MEB)
Mate, ias Engineering Branch (MTEB)
Structural Engineering Branch (SEB)
Instrumentation and Control Systems Branch (ICSB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW
The function of the spent fuel pool area ventilation system (SFPAVS) is to maintain
ventilation in the spent fuel pool equipment areas, to permit personnel access, and to
control airborne radioactivity in the area during normal operation, anticipated opera-
tional transients, and following postulated fuel handling accidents.

The ASB reviews the SFPAVS from air intake to the point of discharge where the system
connects to the gaseous cleanup and treatment system or the station vents to assure
conformance with the requirements of General Design Criteria 2, 4 and 5. The review
includes components such as air intakes, ducts, air conditioi Ig units, filters,
blowers, isolation dampers, and exhaust fans. The review of tile SFPAVS covers all
areas containing or adjacent to the spent fuel pool, including the spent fuel cooling
pump room.

1. The ASB reviews the SFPAVS to determine the safety significance of the system.
Based on this determination, the safety-related part of the system is reviewed
with respect to functional performance requirements during normal operation,
during adverse environmental occurrences, and subsequent to postulated accidents
including the loss of offsite power. The ASB reviews safety-related portions of
the system to assure that:

a. A single active failure cannot result in loss of th^ system functional
performance capability.

b. Components and piping or ducting have sufficient physical separation or
barriers to protect essential portions of the system from missiles, pipe
whip, and fires.
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c. Failures of non-seismic Category I equipment or components will not affect

the SFPAyS.

2. The ASB also reviews safety-related portions of the SFPAVS with respect to the

following:

a. The capability to direct ventilation air from areas of low radioactivity to

areas of potentially higher radioactivity.

b. The capability to detect the need for isolation and to isolate portions of

the system in the event of failures or malfunctions.

c. The capability to actuate components not normally operating that are required

to operate during accident conditions, and to provide necessary isolation.

d. To determine that the quality group and seismic design requirements are met

for the system.

3. The Effluent Treatment Systems Branch (ETSB) evaluates the effectiveness of the

SFPAVS filters to remove airborne contaminants prior to discharge to the environ-

ment in SRP Section 6.5.1.

4. The Accident Analysis Branch (MAB) evaluates the radiological consequences of

airborne contaminants resulting from a postulated fuel handling accident in SRP

Section 15.7.4.

5. The Radiological Assessment Branch (RAB) reviews and evaluates the capability of

the SFPAVS to detect and control leakage of radioactive contamination from the

system, as well as radiation protection criteria described in SRP Section 12.3.

6. The applicant's proposed technical specifications are reviewed for operating

license applications as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the system. The SEB determines the acceptability of

the design analyses, procedures, and criteria used to establish the ability of seismic

Category I structures housing or supporting the system to withstand the effects of natu-

ral phenomena such as the safe shutdown earthquake (SSE), the probable maximum flood

(PMF), and tornado missiles. The MEB will, upon request, review the seismic qualifica-

tion of components and confirm that the components, piping, and structures are designed

in accordance with applicable codes and standards. The MTEB verifies that inservice

inspection requirements are met for system components and, upon request, will verify the

compatibility of the materials of construction with service conditions. The ICSB and PSB |

determine the adequacy of the design, installation, inspection, and testing of all essen-

tial electrical components (sensing, control and power) required for proper operation.
I
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1I. ACCEPTANCE CRITERIA

Acceptability of the SFPAVS design, as described in the applicant's safety analysis

report (SAR), is based on specific general design criteria and regulatory guides.

The design of safety-related portions of the SFPAVS is acceptable if the integrated

design of the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety.

4. Regulatory Guide 1.13, as related to the system capability to limit releases of

radioactive contaminants to the environment.

5. Regulatory Guide 1.26, as related to the quality group classification of systems

and components.

6. Regulatory Guide 1.29, as related to the seismic design classitication of system

components.

7. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

8. Branch Technical Position ASB 9.5-1, as related to capability of the system to

remove smoke.

9. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

Preliminary Safety Analysis Report meet the acceptance criteria given in subsection II.
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For the review of operating license (OL) applications, the procedures are used to

verify that the initial design criteria and bases have been appropriately implemented

in the final design as set forth in the final safety analysis report. The procedures _

for OL reviews Include a determination that the content and intent of the technical

specifications prepared by the applicant are in agreement with the requirements for

system testing, minimum performance, and surveillance developed as a result of the

staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such inputs as required to assure that this review procedure is complete.

As a result of various SFPAVS designs proposed by applicants, there will be variations

in system requirements. For the purpose of this SRP section, a typical system is

assumed which has fully redundant subsystems, each having an identical essential

(safety features) portion. For cases where there are variations from this typical

arrangement, the reviewer would adjust the review procedures given below. However, the

system design would be required to meet the acceptance criteria given in subsection II.

The reviewer will select and emphasize material from this SRP section as may be appro-

priate for a particular case.

1. The SAR is reviewed to verify that the system description section and piping and

instrumentation diagrams (P&IDs) show the SFPAVS equipment used for normal opera-

tion and the ambient temperature limits for the area serviced. The system perform-

ance requirements section is reviewed to determine that it describes allowable

component operational degradation (e.g., loss of cooling function, damper leakage)

and describes the procedures that will be followed to detect and correct these

conditions. The reviewer, using results from failure modes and effects analyses

as appropriate, determines that the safety-related portion of the system is

capable of functioning in spite of the loss of any active component.

2. The system P&IDs, layout drawings, and component descriptions and characteristics

are then reviewed to determine that:

a. Essential portions of the SFPAVS are correctly identified and are isolable

from non-essential portions of the system. The P&UDs are reviewed to verify

that they clearly indicate the physical divisions between such portions and

indicate design classification changes. System drawings are also reviewed to

verify that they show the means for accomplishing isolation and the system

description is reviewed to identify minimum performance requirements for the

isolation dampers. For the typical system, the drawings and description are

reviewed to verify that two automatically operated isolation dampers in

series separate non-essential portions and components from the essential

portions.
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b. Essential portions of the-SFPAVS, including the isolation dampers separating

essential from non-essential portions, are classified Quality Group C and

seismic Category I. Component and system descriptions in the SAR that iden-

tify mechanical and performance characteristics are reviewed to verify that

the above classifications have been included, and that the P&IDs indicate any

points of change in design classificati&n.

c. Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It is

acceptable if the SAR information delineates a testing and inspection program

and if the system drawings show the necessary test recirculation loops around

fans or isolation dampers that would be required by this program.

3. The reviewer verifies that the system has been designed so that system function

will be maintained as required in the event of adverse environmental phenomena or

in the event of certain pipe breaks or loss of offsite power. The reviewer eval-

uates the system, using engineering judgment and failure modes and effects analyses,

to determine that:

a. The failure of non-essential portions of the system or of other systems not

designed to seismic Category I standards and located close to essential

portions of the system, or of non-seismic Category I structures that house,

support or are close to essential portions of the SFPAVS. will not preclude

operation of the essential portions of the SFPAVS. Reference to SAR sections

describing site features and the general arrangement and layout drawings will

be necessary, as well as the SAR tabulation of seismic design classifications

for structures and systems.

b. The essential portions of the SFPAVS are protected from the effects of floods,

hurricanes, tornadoes, and internally- and externally-generated missiles.

Flood protection and missile protection criteria are discussed and evaluated

in detail under Section 3 series of the SRP. The location and the design of

the system, structures, and fan rooms (cubicles) are reviewed to determine

that the degree of protection is adequate. A statement to the effect that

the system is located in a seismic Category I structure that is tornado

missile and flood protected, or that components of the system will be located

in individual cubicles or rooms that will withstand the effects of both

flooding and missiles, is acceptable.

c. The total system has the capability to detect and control leakage of radio-

active contamination from the system. It is acceptable if the following

conditions are met:

(1) The capability for isolating non-essential portions of the SFPAYS by

two automatically actuated dampers in series is shown in the P&Is.
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(2) The SFPAVS has provisions to filter radioactive contaminants from the

spent fuel area by automatically isolating the normal ventilation system

and actuating the emergency exhaust system before the first contaminated

airborne particles and gases reach the normal ventilation exhaust ducts.

A statement in the SAR that the technical specifications will require

that the SFPAVS be operating whenever fuel handling operations are in

progress is required.

d. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the SFPAVS, or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the

SAR and procedures for reviewing this information are given in SRP

Section 3.6.

e. Components and subsystems necessary for preventing the release of radioactive

contaminants can function as required in the event of loss of offsite power.

The system design will be acceptable if the SFPAVS meets minimum system

requirements as stated in the SAR assuming a failure of a single active

component, within the system itself or in the auxiliary electric power source

which supplies the system. The SAR is reviewed to see that for each SFPAVS

component or subsystem affected by the loss of offsite power, the resulting

system flow capacity will not cause the loss of air flow from areas of low

potential radioactivity to areas of higher potential radioactivity. State-

ments in the SAR and the results of failure modes and effects analyses are

considered in verifying that the system meets these requirements. This will

be an acceptable verification of system functional reliability.

4. The descriptive information, P&IDs, SFPAVS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following design basis accidents assuming a concurrent single active

failure. The reviewer evaluates the analyses presented in the SAR to assure

function of required components, traces the availability of these components on

system drawings, and checks that the SAR contains verification that minimum system

isolation or filtration requirements are met for each accident situation for the

required time spans. For each case the design will be acceptable if minimum

system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

Rev. I 9.4.2-6



"The spent fuel pool area ventilation system (SFPAVS) includes all components and

ductwork from air Intake to the point of discharge where the system connects to

the gaseous cleanup and treatment system or station vents. Based on the review ofV .Cthe applicant's proposed design criteria, the design bases, and safety classifica-

tion for the spent fuel pool area ventilation system and the requirements for
system performance to prevent an unacceptable release of contaminants to the

environment during normal, abnormal, and accident conditions, the staff concludes

that the design of the spent fuel pool area ventilation system and supporting

systems is in conformance with the Commission's regulations as set forth in

General Design Criterion 2, "Design Bases for Protection Against Natural-Phenomena,'

General Design Criterion 4, "Environmental and Missile Design Bases," General

Design Criterion 5, "Sharing of Structure;, Systems and Components," and meets the

guidelines contained in Regulatory Guide 1.13, "Fuel Storage Facility Design

Basis," Regulatory Guide 1.26, "Quality Group Classifications and Standards for
Water-, Steam-, and Radioactive-Waste-Containing Components of Nuclear Power

Plants," Regulatory Guide 1.29, 'Seismic Design Classification," Regulatory

Guide 1.117, "Tornado Design Classification," Branch Technical Position ASB 9.5-1,

"Fire Protection for Nuclear Power Plants," and Branch Technical Positions ASS 3-1

and MES 3-1 and is, therefore, acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-
tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

4. Regulatory Guide 1.13, 'Fuel Storage Facility Design Basis."

S. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

6. Regulatory Guide 1.29, "Seismic Design Classification."

7. Regulatory Guide 1.117, "Tornado Design Classification."

8. Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"

attached to SRP Section 9.5.1.

9. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,
"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.
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.' [: A U.S. NUCLEAR REGULATORY COMMISSION

I STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.3 AUXILIARY AND RADWASTE AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Instrumentation and Control Systems Branch (ICSB)
Mechanical Engineering Branch (MEB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW
The ASB reviews the auxiliary and radwaste area ventilation system (ARAVS) from air
intake to the point of discharge where the system connects to the gaseous cleanup and

treatment system or station vents to assure conformance with the requirements of General
Design Criteria 2, 4 and S. The review includes components such as air intakes, ducts,

air conditioning units, blowers, isolation dampers, and roof exhaust fans. The review

of the ARAVS covers the radwaste areas and controlled access nonradioactive areas and
their relationship to safety-related areas in the auxiliary building.

1. The ASS reviews the functional performance requirements and the air treatment
equipment for the ARAVS to determine whether the ventilation system or portions of
the system have been designed or need to be designed as a safety-related system.
Based on this determination, the safety-related part of the system is reviewed
with respect to functional performance requirements during normal operation,
during adverse environmental occurrences, and during and subseqnent to postulated
accidents, including the loss of offsite power. The ASS reviews safety-related
portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional
performance capability.

b. Components and piping have sufficient physical separation or shielding to
protect essential portions of the system from missiles, pipe whip, and fires.

c. Failures of non-seismic Category I equipment or components will not result in
unfiltered releases of radioactive contaminants.

2. The ASB also reviews safety-related portions of the ARAVS with respect to the
following:
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a. The capability to direct ventilation air from areas of low radioactivity to

areas of progressively higher radioacti'ity.

b. The capability to detect the need for isolation and to isolate safety-related@

portions of the system in the event of fires, failures, or malfunctions, and

the capability of the isolated system to function under such conditions.

c. To determine that the quality group and seismic design requirements are met

for the system.

3. The Effluent Treatment Systems Branch (ETSB) evaluates the ARAVS's functional

performance to assure that the system meets acceptable limits for radioactive

releases during normal operations under SRP Section 11.3.

4. The Radiological Assessment Branch (RAB) reviews and evaluates the capability of

the ARAVS to detect and control leakage of radioactive contamination from the

system, as well as radiation protection criteria as described in SRP Section 12.3.

5. The applicant's proposed technical specifications are reviewed for operating

license applications as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the system. The MEB will, upon request, review the

seismic qualification of components and confirm that the components, piping, and struc-

tures are designed in accordance with applicable codes and standards. The ICSB and PSB

will determine the adequacy of the design, installation, inspection, and testing of all

electrical components (sensing, control and power) required for proper operation.

II. ACCEPTANCE CRITERIA

Acceptability of the ARAVS design, as described in the applicant's Safety Analysis

Report (SAR), is based on specific general design criteria and regulatory guides. The

design of safety-related portions of the ARAVS is acceptable if the integrated design

of the system is in accordance with t'e following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety.
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4. Regulatory Guide 1.26, as related to quality group classification of systems and

components.

5. Regulatory Guide 1.29. as related to seismic design classification of system

components.

S. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

7. Branch Technical Position ASB 9.5-1, as related to capability of the system to

remove smoke.

S. Branch Technical Positions ASB 3-1 and HEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

Preliminary Safety Analysis Report meet the acceptance criteria given in subsection II.

For the review of operating license (OL) applications, the procedures are utilized to

verify that the initial design criteria and bases have been appropriately implemented

in the final design as set forth in the Final Safety Analysis Report. The procedures

for OL reviews include a deternination that the content and intent of the technical

specifications prepared by the applicant are in agreement with the requirements for

system testing, minimum performance, and surveillance developed as a result of the

staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such inputs as required to assure that this review procedure is complete.

As a result of various ARAMS designs proposed by applicants, there will be variations

in system requirements. For the purpose of this SRP section, a typical system is

assumed which has fully redundant subsystems, each having an identical essential

(safety features) portion. For cases where there are variations from this typical

arrangement, the reviewer would adjust the review procedures given below. However, the

system design would be required to meet the acceptance criteria given in subsection II.
The reviewer will select and emphasize material from this SRP section as may be appro-

priate for a particular case.

1. The SAR is reviewed to verify that the system description and piping and instru-

mentation diagrams (P&IDs) show the ARAYS equipment used for normal operation, and
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the ambient temperature limits for the areas serviced. The system performance

requirements are reviewed to determine that allowable component operational

degradation (e.g., loss of function, damper leakage) and the procedures that will

be followed to detect and correct these conditions are adequately described. The

reviewer, using results from failure modes and effects analyses as appropriate,

determines that the safety-related portion of the system is capable of functioning

in spite of the failure of any active component.

2. The system P&IDs, layout drawings, and component descriptions and characteristics

are then reviewed to determine that:

a. Essential portions of the ARAVS are correctly identified and are isolable from.

non-essential portions of the system. The P&IDs are reviewed to verify that

they clearly indicate the physical divisions between such portions and indicate

design classification changes. System drawings are also' reviewed to verify

that they show the means for accomplishing isolation and the description is

reviewed to identify minimum performance requirements for the isolation

dampers. For the typical system, the drawings and description are reviewed

to verify that two automatically operated isolation dampers in series

separate non-essential portions and components from the essential portions.

b. Essential portions of the ARAMS, including the isolation dampers separating

essential from non-essential portions, are classified seismic Category I and

Quality Group C. Component and system descriptions in the SAR that identify

mechanical and performance characteristics are reviewed to verify that the

above seismic classification has been included, and that the P&IDs indicate

any points of change in design class fication.

3. The reviewer verifies that the essential portion of the system has been designed

so that system function will be maintained as required in the event of adverse

environmental phenomena or in the event of certain pipe breaks or loss of offsite

power. The reviewer evaluates the system, using engineering judgment and the

results of failure modes and effects analyses to determine that:

a. The failure of non-essential portions of the system or of other systems not

designed to seismic Category I standards and located close to essential

portions of the system, or of non-seismic Category I structures that house,

support, or are close to essential portions of the ARAYS, will not preclude

operation of the essential portions of the ARAYS. Reference to SAR sections

describing site features and the general arrangement and layout drawings will

be necessary, as well as the SAR tabulation of seismic design classifications

for structures and systems. Statements in the SAR that verify that the above

conditions are met are acceptable. (CP)

b. The essential portions of the ARAYS are protected from the effects of floods,

hurricanes, tornadoes, and internally and externally generated missiles.
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Flood protection and missile protection criteria are discussed and evaluated

in detail under the Section 3 series of the SRP. The location and the design

of the system, structures, and fan rooms (cubicles) are reviewed to determine
that the degree of protection provided is adequate. A statement to the

effect that the system Is located in a seismic Category I structure that is

tornado missile and flood protected, or that components of the system will be

located in individual cubicles or rooms that will withstand the effects of

both flooding and missiles is acceptable.

c. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the ARAYS, or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the

SAR and procedures for reviewing this information are given in SRP

Section 3.6.

d. Components and subsystems, necessary for preventing the release of radio-

active contaminants, can function as required in the event of loss of offsite

power. The system design will be acceptable if the ARAYS meets minimum

system requirements as stated in the SAR assuming a failure of a single

active component within the system or in the auxiliary electric power source

which supplies the system. The SAR is reviewed to see that for each ARAVS

component or subsystem affected by the loss of offsite power, the resulting

system flow capacity will not cause the loss of preferred direction of air

flow from areas of low potential radioactivity to areas of higher potential

radioactivity. Statements in the SAR and the results of failure modes and

effects analyses are considered in verifying that the system meets these

requirements. This will be an acceptable verification of system functional

reliability.

4. The descriptive information, P&IDs, ARAVS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following design basis accidents assuming a concurrent single active

failure. The reviewer evaluates the analyses presented in the SAR to assure

functioning of required components, traces the availability of these components on

system drawings, and checks that the SAR contains verification that minimum system

isolation or filtration requirements are met for each accident situation for the

required time spans. For each case the design will be acceptable if minimum

system requirements are met.

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's Safety

Evaluation Report:
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"The auxiliary and radwaste area ventilation system (ARAYS) includes all components

and ductwork from air intake to the point of discharge where the system connects

to the gaseous cleanup and treatment system or station vents. Based an the review

of the applicant's proposed design criteria, design bases, and safety classifica-

tion for the auxiliary and radwaste area ventilation system and the requirements

for system performance to preclude an unacceptable release of contaminants to the

environment during normal, abnormal, and accident conditions, the staff concludes

that the design of the auxiliary and radwaste area ventilation system and auxiliary

supporting systems is in conformance with the Commission's regulations as set

forth in General Design Criterion 2, "Design Bases for Protection Against Natural

Phenomena," General Design Criterion 4, "Environmental and Missile Design Bases,"

General Design Criterion 5, "Sharing of Structures, Systems and Components," and

meets the guidelines contained in Regulatory Guide 1.26, 'Quality Group Classifica-

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

of Nuclear Power Plants," Regulatory Guide 1.29, "Seismic Design Classification,"

Regulatory Guide 1.117, "Tornado Design Classification," Branch Technical Position

ASB 9.5-1, "Fire Protection for Nuclear Power Plants," and Branch Technical

Positions ASB 3-1 and MEB 3-1 and is, therefore, acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, NDesign Bases for Protec-

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, "Seismic Design Classification."

6. Regulatory Guide 1.117, "Tornado Design Classification."

7. Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"

attached to SRP Section 9.5.1.

8. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.
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4' U.S. NUCLEAR K 'GULATORY COMMISSION

/ STANDARD REVIEW PLAN
'7 i OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.4 TURBINE AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASS) ,_ .

Secondary - Instrumentation and Control Systems Branch (ICSB)
Mechanical Engineering Branch (MEB)
Power Systems Branch (PSB)

1. AREAS OF REVIEW
The ASB reviews the turbine area ventilation system (TAVS) from air intake to the point

of discharge to assure conformance with the requirements of General Design Criteria 2,

4 and 5. The review includes components such as air intakes, ducts, cooling units,

blowers, isolation dampers, and roof exhaust fans. The review of the tAVS includes

systems contained in the turbine building and their relationship, if any, to safety-

related equipment areas.

1. The ASB reviews the functional performance requirements and the methods and equip-

ment provided for air treatment for the TAVS to determine whether the ventilation

system or portions of the system have been designed or need to be designed as a

safety system. in making this determination, systems provided for heating, venti-

lating, and air conditioning of the turbine area, designed to normal industrial

standards, and those systems that provide for control and filtration of small

quantities of radioactive gas ledkage in the turbine area during normal plant

operation, are not considered safety-related for the purpose of this SRP section.

Based on this determination, any safety-related portions of the system are

reviewed with respect to funtional performance requirements during adverse envi-

ronmental occurrences, during normal operation, and subsequent to postulated

accidents, Including the loss of offsite power, to assure conformance with the

requirements of General Design Criteria 2, 4 and S. The ASB reviews the safety-

related portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional

performance capability.

b. Components and piping have sufficient physical separation or barriers to

protect essential portions of the system from missiles, pipe whip and fires.
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c. Failures of non-seismic Category I equipment or components will not result in

an unacceptable release of radioactive contaminants.

2. The ASB also reviews safety-related portions of the TAVS with respect to the

following:

a. The capability of the system to direct ventilation air from areas of low

radioactivity to areas of higher radioactivity levels.

b. The capability to detect the need for isolation and to isolate safety-related

portions of the system in the event of fires, failures, or malfunctions, and

the capability of the isolated system to function under these conditions.

c. To determine that the quality group and seismic design requirements are met

for the system.

3. The Effluent Treatment Systems Branch (ETSB) evaluates the TAVS's functional

performance to assure that the system meets acceptable limits for radioactive

releases during normal operations (see SRP Section 11.3).

4. The Radiological Assessment Branch (RAB) reviews and evaluates the capability of

the TAVS to meet radiation protection criteria and the radiological monitoring

systems that may be associated with the TAVS (see SRP Section 12.3).

5. The applicant's proposed technical specifications are reviewed for operating

license applications as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results used by the ASB to

complete the overall evaluation of the system. The MEB will, upon request, review the

seismic qualification of components and confirm that the components, piping, and struc-

tures are designed in accordance with applicable codes and standards. The ICSB and PSB

will, upon request, determine the adequacy of the design, installation, inspection, and

testing of all electrical components (sensing, control and power) required for proper

operation.

II. ACCEPTANCE CRITERIA

Acceptability of the TAVS design, as described in the applicant's safety analysis

report (SAR), is based on specific general design criteria and regulatory guides. The

design of safety-related portions of the TAVS i acceptable if the integrated design of

the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.
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2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety.

4. Regulatory Guide 1.26, as related to the quality group classification of systems

and components.

5. Regulatory Guide 1.29, as related to seismic design classification of systems and

components.

6. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

7. Branch Technical Position ASB 9.5-1, as related to capability of the system to

remove smoke.

8. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria givel in subsection 11.

For the review of operating license (OL) applications, the procedures are used to

verify that the initial design criteria and bases have been appropriately implemented

in the final design as set forth in the final safety analysis report. The procedures

for OL reviews include a determination Zhat the proposed technical specifications are

in agreement with the requirements for testing, minimum performance, and surveillance

developed by the staff.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such inputs as required to assure that this review procedure is complete.

As a result of various TAVS designs proposed by applicants, there will be variations in

system requirements. For the purpose of this SRP section, a typical system is assumed

which has fully redundant subsystems, each having an identical essential (safety-related)
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portion. For cases where there are variations from this typical arrangement, the

reviewer adjusts the review procedures given below. However, in such cases, the system

design must still meet the acceptance criteria given in subsection II. The reviewer

selects and emphasizes material from this SRP section as may be appropriate for a I
particular case.

1. The SAR is reviewed to verify that the system description and piping and instru-

mentation diagrams (P&IDs) show the TAYS equipment used for normal operation, and

the ambient temperature limits for the areas serviced. The system performance

requirements are reviewed to determine the allowable component operational degra-

dation (e.g., loss of function, damper leakage) and the procedures that will be

followed to detect and correct these conditions. The reviewer, using results from

failure modes and effects analyses as appropriate, determines that the system is

capable of sustaining the failure of any active component that is required for the

prevention of unacceptable releases of radioactive contaminants to the environment.

2. The system P&IDs, layout drawings, and component descriptions and characteristics

are then reviewed to determine that:

a. Essential portions of the TAVS are correctly identified and are isolable from

non-essential portions of the system. The P&IDs are reviewed to verify that

they clearly indicate the physical divisions between each portion and indi-

cate the changes in design classification. System drawings are also reviewed

to verify the means provided for accomplishing isolation and to identify

minimum performance requirements for the isolation dampers. For the typical

system, the drawings and descriptions are reviewed to verify that two auto-

matically operated isolation dampers in series separate non-essential portions

and components from the essential portions.

b. Essential portions of the TAVS, including the isolation dampers separating

essential from non-essential portions, are classified Quality Group C and

seismic Category I. Component and system descriptions in the SAR that iden-

tify mechanical and performance characteristics are reviewed to verify that

the above seismic classifications have been included, and that the P&IDs

indicate any points of change in design classification.

3. The reviewer verifies that the safety-related portion of the system has been

designed so that system function will be maintained as required, in the event of

adverse environmental phenomena or in the event of certain pipe breaks or loss of

offsite power. The reviewer evaluates the system, using engineering judgment and

the results of failure modes and effects analyses to determine that:

a. The failure of non-essential portions of the system or of other systems not

designed to seismic Category I standards and located close to essential

portions of the system, or of non-seismic Category I structures that house,
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support, or are close to essential portions of the TAYS, will not preclude

operation of the essential portions of the TAYS. Reference to SAR sections

describing site features and the general arrangement and layout drawings will0 be necessary, as well as the SAR tabulation of seWsmic design classifications

for structures and systems. A commitment in the SAR confirming that the

above conditions are met is acceptable. (CP)

b. The essential portions of the TAVS are protected from the effects of floods,

hurricanes, tornadoes, and internally and externally generated missiles.

Seismic design, flood protection, and missile protection criteria are dis-

cussed and evaluated in detail under the Section 3 series of the SRP. The

location and design of the system, structures, and fan rooms (cubicles) are

reviewed to determine that the degree of protection provided is adequate. A

commitment in the SAR to the effect that the system is located in a seismic

Category I structure that is tornado missile and flood protected, or that

components of the system will be located in individual cubicles or rooms that

will withstand the effects of both flooding and missiles, is acceptable.

c. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the TAYS or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the

SAR and procedures for reviewing this information are given in Section 3.6 of

*j the SRP.

d. Components and subsystems necessary for preventing unacceptable releases of

radioactive contaminants can function as required in the event of loss of

offsite power. The system design will be acceptable if the TAVS meets mini-

mum system requirements as stated in the SAR assuming a failure of a single

active component, within the system itself, or in the auxiliary electric

power source which supplies the system. The SAR is reviewed to see that, for

each TAVS component or subsystem affected by loss of offsite power, the

resulting system flow capacity will not cause the loss of direction of air

flow from areas of low potential radioactivity to areas of higher potential

radioactivity. Statements in the SAR and the results of failure modes and

effects analyses are considered in verifying that the system meets these

requirements. This will be an acceptable verification of system functional

reliability.

4. The descriptive information, P&IDs, TAVS drawings, and failure modes effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following design basis accidents assuming a concurrent single active

failure. The reviewer evaluates the analyses presented in the SAR to assure the

function of required components, traces the availability of these components on

9.4.4-5 Rev. I
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system drawings, and checks that the SAR contains verification that minimum system

isolation or filtration requirements are met for each accident situation for the

required time spans. For each case the design will be acceptable if minimum

system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The turbine area ventilation system (TAVS) includes all components and ducting

from air intake to the point of discharge. Based on the review of the applicant's

proposed design criteria, the design bases and safety classification for the turbine

area ventilation system and the requirements (if any) for system performance to

preclude any adverse effect on safety-related functions during all conditions of

plant operation, the staff concludes that the design of the turbine area ventila-

tion system and auxiliary supporting systems is in conformance with the Commission's

regulations as set forth in General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena," General Design Criterion 4, "Environmental and

Missile Design Bases," General Design Criterion 5, 'Sharing of Structures, Systems

and Components," and meets the guidelines contained in Regulatory Guide 1.26,

"Quality Group Classifications and Standards for Water-, Steam-, and Radioactive-

Waste-Containing Components of Nuclear Power Plants," Regulatory Guide 1.29,

"Seismic Design Classification," Regulatory Guide 1.117, "Tornado Design Classifi-

cation," Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power

Plants," and Branch Technical Positions ASB 3-1 and MEB 3-1 and is, therefore,

acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, "Seismic Design Classification."
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6. Regulatory Guide 1.117, "Tornado Design Classification."

7. Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"
attached to SRP Section 9.5.1.

8. Branch Technical Positions ASK 3-1, "Protection Against Postulated Piping Failures
in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"
attached to SRP Section 3.6.2.
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R(NUREG-75/087

I vU.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
.o OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.5 ENGINEERED SAFETY FEATURE VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASS)

Secondary - Instrumentation and Control Systems Branch (ICSB)
Mochanical Engineering Branch (MEB)
faterial5 Engineering Branch (MTEB)
Structural Engineering Branch (SEB)
Power Systems Branch (PSB)

I. AREAS OF REVIEW

The function of the engineered safety feature ventilation system (ESFVS) is to provide

a suitable and controlled environment for engineered safety feature components following

certain anticipated transients and design basis accidents.

The ASS reviews the ESFVS from air intake to the point of discharge to the atmosphere

to assure conformance with the requirements of General Design Criteria 2. 4 and S. The

review includes components such as air intakes, ducts, air conditioning units, flow

control devices, isolation dampers, exhaust vents, and exhaust fans.

The review of the ESFVS covers all ventilation systems utilized to maintain a con-

trolled environment in areas containing safety-related equipment. These include the

service water pump house, diesel generator area, emergency core cooling system (ECCS)

pump rooms, component cooling water pump room, auxiliary feedwater pump area, and other

areas containing equipment essential for the safe shutdown of the reactor or necessary

to prevent or mitigate the consequences of an accident.

l. The ASS reviews the ESFVS to determine the safety significance of the various

portions and subsystems. Based on this determination, the safety-related portions

of the system are reviewed with respect to functional performance requirements

associated with engineered safety feature areas during normal operation, during

adverse environmental occurrences, and during and subsequent to postulated acci-

dents, including the loss of offsite power. The ASS reviews safety-related

portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional

performance capabilities.
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b. Components and piping or ducting have sufficient physical separation or

barriers to protect essential portions of the system from missiles, pipe whip

and fires. I ,.

c. Failures of non-seismic Category I equipment or components will not result in

damage to essential portions of the ESFVS.

2. The ASB also reviews safety-related portions of the ESFVS with respect to the

following:

a. The ability of the heating and cooling systems to maintain a suitable ambient

temperature range in the areas serviced, assuming proper performance of

equipment contained in these areas.

b. Provisions to detect the need for isolation and to isolate portions of the

system in the event of failures or malfunctions.

c. The ability of the safety features equipment in the areas being serviced by

the ventilation system to function under the worst anticipated degraded ESFVS

system performance.

d. Capability of the system to circulate sufficient air to prevent accumulation

of inflammable or explosive gas or fuel-vapor mixtures from components such

as storage batteries and stored fuel.

e. The capability of the system to automatically actuate components not oper-

ating during normal conditions, orlto actuate standby components (redundant

equipment) in the event of a failure or malfunction, as needed.

f. To determine that the quality group and seismic design requirements are met

for the system.

3. The Accident Analysis Branch (AAB) evaluates the radiological consequences of

airborne contaminants resulting from accident conditions (see Appendix B to SRP

Section 15.6.5).

4. The Effluent Treatment Systems Branch (ETSB) evaluates the effectiveness of the

ESFYS filters to remove airborne contaminants prior to discharge to the environment

(see SRP Section 6.5.1). ETSB also reviews and evaluates the capability of the

ESFVS to detect and control leakage of radioactive contamination from the system,

as described in SRP Section 11.5.

5. The Radiological Assessment Branch (RAB) reviews and evaluates the radiation

protection criteria of the ESFVS, as described in SRP Section 12.3.

Rev. I . . .1
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6. The applicant's proposed technical specifications are reviewed for operating

license applications as they relate to areas covered in this SRP section.

Secondary reviews are performed by other branches and the results are used by the ASB

to complete the overall evaluation of the system. The SEB determines the acceptability

of design analyses, procedures, and criteria used to establish the ability of seismic

Category I structures housing the system and supporting systems to withstand the effects

of natural phenomena such as the safe shutdown earthquake (SSE), the probable maximum

flood (PMF), and tornado missiles. The MES reviews the seismic qualification of compo-

nents and confirms that components, piping, and structures are designed in accordance

with applicable codes and standards. The MTEB will verify that inservice inspection

requirements are met for system components and, upon request, will verify the compati-

bility of the materials of construction with service conditions. The ICSB and PS8

determine the adequacy of the design, installation, inspection, and testing of all

electrical components (sensing, control and power) required for proper operation.

II. ACCEPTANCE CRITERIA

Acceptability of the ESFVS design, as described in the applicant's Safety Analysis

Report (SAR), is based on specific general design criteria and regulatory guides.

The design of safety-related portions of the ESFVS is acceptable if the integrated

design of the systems is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated

yith pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety.

4. Regulatory Guide 1.26, as related to the quality group classification of system

components.

S. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

6. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.
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7. Branch Technical Position ASB 9.5-1, as related to capability of the system to

remove smoke.

8. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

pvi.iminary safety analysis report meet the acceptance criteria given in subsection II.

Fo. the review of operating license (OL) applications, the procedures are utilized to

verify that the initial design criteria and bases have been appropriately implemented

in the final design as set forth in the final safety analysis report. The procedures

for OL reviews include a determination that the content and intent of the technical

specifications prepared by the applicant are in agreement with the requirements for

system testing, minimum performance, and surveillance developed as a result of the

staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains and

uses such inputs as required to assure that this review procedure is complete.

As a result of various ESFVS designs proposed by applicants, there will be variations

in system requirements. For the purpose of this SRP section, a typical system is

assumed which has fully redundant subsystems, each having an identical essential (safety

features) portion. For cases where there are variations from this typical arrangement.

the reviewer would adjust the review'procedures given below. However, the system

design would be required to meet the acceptance criteria given in subsection II. The

reviewer will select and emphasize material from this SRP section as may be appropriate

for a particular case.

1. The SAR is reviewed to verify that the system description and piping and

instrumentation diagrams (P&IDs) show the ESFVS equipment used for normal opera-

tion, and the ambient temperature limits for the areas serviced. The system

performance requirements are reviewed to determine that they limit allowable

component operational degradation (e.g., loss of function, damper leakage) and

describe the procedures that will be followed to detect and correct these condi-

tions. The reviewer, using results from failure modes and effects analyses as

appropriate, will determine that the safety-related portion of the system is

capable of sustaining the failure of any active component.
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2. The system P&UOs, layout drawings, and component descriptions and characteristics

are then reviewed to determine that:

a. Essential portions of the ESFYS are correctly identified and are isolable

from non-essential portions of the system. The P&IDs are reviewed to verify

that they clearly indicate the physical divisions between such portions and

indicate design classification changes. System drawings are also reviewed to

see that they show the means for accomplishing isolation, and the system

description is reviewed to identify minimum performance requirements for the

isolation dampers. For the typical system, the drawings and description are

reviewed to verify that two automatically operated isolation dampers in

series separate non-essential portions and components from the essential

portions.

b. Essential portions of the ESFVS, including the isolation dampers separating

essential from non-essential portions, are classified Quality Group C and

seismic Category I. Component and system descriptions in the SAR that iden-

tify mechanical and performance characteristics are reviewed to verify that

the above classifications have been included, and that the P&IDs indicate

points of change in design classification.

c. Design provisions have been made that permit appropriate inservice inspectioi

and functional testing of system components important to safety. It is

acceptable if the SAR information delineates a testing and inspection program

and if the system drawings show the necessary test recirculation loops around

fans or isolation dampers that would be required by this program.

3. The reviewer verifies that the system has been designed so that system function

will be maintained as required in the event of adverse environmental phenomena or

in the event of certain pipe breaks or loss of offsite power. The reviewer evalu-

ates the system, using engineering Judgment and the results of failure modes and

effects analyses to determine that:

a. The failure of non-essential portions of the system or of other non-seismic

systems, components or structures located close to essential portions of the

system will not preclude operation of the essential portions of the ESFVS.

Reference to SAR sections describing site features and the general arrange-

ment and layout drawings will be necessary, as well as the SAR tabulation of

seismic design classifications for structures and systems.

b. The essential portions of the ESFVS are protected from the effects of floods,

hurricanes, tornadoes, and internally and externally generated missiles.

Flood protection and missile protection criteria are discussed and evaluated

in detail under Section 3 series of the SRP. The location and the design of

the system, structures, and fan rooms (cubicles) are reviewed to determine

that the degree of protection provided is adequate. A statement to the
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effect that the system is located in a seismic Category I structure that is

tornado missile aiid flood protected, or that components of the system will be

located in individual cubicles or rooms that will withstand the effects of

both flooding and missiles is acceptable.

c. The total system has the capability to detect and control leakage of airborne

contamination from the system. It is acceptable if the following conditions

are met:

(1) The system P&ID shows monitors and alarms located in the system that are

capable of smoke detection in the event of a fire. Provisions should be

made for manual control of the ventilation system to facilitate smoke

removal if necessary for fire fighting operations.

(2) The capability for isolating nonessential portions of the ESFVS by. two

automatically actuated isolation dampers in series is shown on the

P&IDs.

(3) The ESFVS has provisions to actuate ventilation equipment in the engi-

neered safety feature areas before ambient temperatures exceed design

rated temperatures of components.

d. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to essential portions of

the ESFYS or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the

SAR and procedures for reviewing this information are given in SRP

Section 3.6.

e. Essential components and subsystems can function as required in the event of

loss of offsite power. The system design will be acceptable if the ESFVS

meets minimum system requirements as stated in the SAR assuming a failure of

a single active component within the system itself or in the auxiliary

electric power source which supplies the system. The SAR is reviewed to see

that for each ESFVS component or subsystem affected by the loss of offsite

power, the resulting system performance will not affect the capability of any

engineered safety feature equipment. Statements in the SAR and results of

failure modes and effects analyses are considered in verifying that the

system meets these requirements. This will be an acceptable verification of

system functional reliability.

4. The descriptive information, P&IDs, ESFYS drawings, and failure modes and effects

analyses in the SAR are reviewed to assure that essential portions of the system

can function following des'gn basis accidents assuming a concurrent single active |
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failure. The reviewer evaluates the analyses presented in the SAR to assure

function of required components, traces the availability of these components on

system drawings, and checks that the SAR contains verification that minimum system

isolation or filtration requirements are met for each accident situation for the

required time spans. For each case the design will be acceptable if minimum

system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety evalua-

tion report:

"The engineered safety feature ventilation system (ESFVS) includes all components

and ducting associated with the system from air intake to the point of discharge

to the atmosphere. Based on the review of the applicant's proposed design criteria,

design bases, and safety classification for the engineered safety feature ventila-

tion system, and the requirements for system performance to preclude equipment

malfunction in the engineered safety feature areas due to a failure of the system

during normal, abnormal, and accident conditions, the staff concludes that the

design of the engineered safety feature ventilation system and supporting systems

is in conformance with the Commission's regulations as set forth in General Design

Criterion 2, "Design Bases for Protection Against Natural Phenomena," General

Design Criterion 4, "Environmental and Missile Design Bases," General Design

Criterion S "Sharing of Structures, Systems and Components," and meets the guide-

lines contained in Regulatory Guide 1.26, 'Quality Group Classifications and

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

Nuclear Power Plants," Regulatory Guide 1.29, "Seismic Design Classification,"

Regulatory Guide 1.117, "Tornado Design Classification," Branch Technical Position

ASB 9.5-1, "Fire Protection for Nuclear Power Plants," and Branch Technical

Positions ASB 3-1 and MEB 3-1 and is, therefore, acceptable.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-

tion Against Natural Phenomena."

2. ID CFR Part 50, Appendix A, i,' -1 Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, Generil Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."
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5. Regulatory Guide 1.29, "Seismic Design Classification.'

6. Regulatory Guide 1.117, 'Tornado Design Classification."

7. Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"

attached to SRP Section 9.5.1.

8. Branch Technical Positions AS8 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.
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NUREG-75/087

A U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
* + OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.1 FIRE PROTECTION PROGRAM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Structural Engineering Branch (SE8)

Mechanical Engineering Branch (MEB)

Instrumentation and Control Systems Branch (ICS8)

Power Systems Branch (PSB)

1 AREAS OF REVIEW

The purpose of the fire protection program (FPP) Is to provide assurance, through a

defense-in-depth design, that a fire will not prevent the performance of necessary

safe plant shutdown functions and will not significantly Increase the risk of radio-

active releases to the environment in accordance with General Design Criteria 3 and 5.

The fire protection program consists of fire detection and extinguishing systems and

equipment. adm'nistrative controls and procedures, and trained personnel.

The ASB review of the fire protection program includes a review of the evaluation of

potential fire hazards described in the applicant's Safety Analysis Report (SAR), and

a review of the description of the fire protection system design showing the system

characteristics and layout which define the "filre prevention" and "fire protection"

portions of the program.

The ASS reviews the total fire protection program described in the applicant's Safety

Analysis Report (SAR) with respect to the criteria of Branch Technical Position

ASB 9.5-1 attached to this SRP section, specifically with respect to the following:

1. Overall fire protection program requirements, Including the degree of involvement

and assigned responsibility tf management; fire protection administrative controls

and quality assurance program; fire brigade training activities and coordination

with offsite fire fighting organizations, including their capability in assisting

in the extinguishment of plant fires.

2. Evaluation of potential fire hazards for safety-related areas throughout the plant

and the effect of postulated fires relative to maintaining the ability to perform

safe shutdown functions, and minimizing radioactive releases to the environment.

USNRC STANDARD REVIEW PLAN
stenderd review pne am peepaed fr Wshe guidon" ofth. Otficef kuewpeecReo UeguIS1Ioft Otoff Mpnaln1e e. WA&e Of applcWaee to eeonsetdt and
ewete nude,, pew.. plants. The,. doewnento we med. oveleble to the pwbIS. Pn oend of me Cemmhens Posey to Inform, the neatest Induetry an the
g1ners pub Cf etesy _pee p At d alo pne se net uwbethee teo fegultere giddoe ee the Cemlwaen's moilations end

-ep.. Wolt them s. net eg vle standard metw - sectlon we booed to 10*10cC of tMhe Standard Poemat end Cenent .5 Saty AndySe Reports

le ue,b Pew. plnt. Ont a n e a *pna el Xte eStadsd Pme hae eeepdtn leview plan
Pubithed etendeed eleow pOmn wWM be geeteed petiodlealti. as eppepeat. to Accommodaet benments en I eteo MR"new hIntoonellen and eapootenee.

Comone end euretlone fer hImprovement wme he eeeldeed and eheuld be sent to UIe VS. Nudeor Rgulaltey Ceunnohsten.Olce of NtdU Reot

Rwv. 2

. _

. , -' .



3. Plant layout, egress routes, facility arrangements, and structural design features

which control separation or Isolation of redundant safety systems and selection

of the methods for fire detection, control and extinguishing; control of fire

hazards; fire barriers and walls; use of noncombustible materials; floor drains,

ventilation, emergency lighting and communication systems.

4. The functional performance of the fire fighting systems, extinguishing agents,

including the detection, alarm, suppression, control, and extinguishing systems

described in the SAR to verify the adequacy of the FPP to protect safety-related

equipment.

5. The fire protection system piping and instrumentation diagrams (P&IDs); including

redundancy of equipment; the FPP design criteria and failure modes and effects

analysis (impairment).

6. On multiple unit applications, the additional fire protection and control provi-

sions during construction of the remaiiing units will be reviewed to verify that

the integrity and operability of the fire protection system is maintained.

7. Quality Assurance Branch (QAB) will evaluate the adequacy of the QA program under SRP

section 17 and c organizational arrangements under SRP section 13.1.

8. Emergency Planning Branch (EPB) will evaluate the adequacy of the offsite emergency

planning under SRP section 13.3.

9. Operating License Branch (OLB) will evaluate the fire protection brigade training

programs under SRP section 13.2 and plant procedures under SRP section 13.5.

10. The Technical Specifications prepared by the applicant for fire protection are

reviewed at the operating license stage (FSAR).

Secondary reviews are performed by other branches and the results are used by ASB to

complete the overall evaluation of the fire protection program.

ICSB and PSB will review the electric power, and instrumentation and control features of thel

design of the FPP, with the exception of detector sensitivity and location. Review elements

include power sources, provisions for safe cold shutdown, testing, and technical specifica-

tions. ICSB and PSB will evaluate the consequences of failure of the FPP on safety-related

electrical equipment and cables, the adequacy of electrical cable construction and cable

raceways including trays, and adequacy of safety divisional separation criteria. Review

elements include the consequences of Class 1E equipment exposure to fire fighting medium

as well as fire effects. SEB will, upon request, verify the acceptability of the design

analyses, procedures and criteria used for seismic Category I supporting structures

for the FPP, and for externally Imposed system loads resulting from less severe natural
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phenomena. MEB will, upon request, re'view that portion of the hose standpipe system

which should remain functional following a postulated SSE, and confirm that system |

components, piping and structures are designed in accordance with applicable seismic

design criteria.

II. ACCEPTANCE CRITERIA

The applicant's fire protection program is acceptable if it is in accordance with the

following criteria:

1. General Design Criterion 3, as related to fire prevention, the design and opera-

tion of fire detection and protection systems, and administrative controls pro-

vided to protect safety-related structures, systems and components of the reactor

facility.

2. General Design Criterion 5, as related to fire protection for shared safety-related

structures, systems and components to assure the ability to perform their intended

safety function.

3. Applicable provisions of Branch Technical Position (BTP) ASB 9.5-1 and Appendix A

to Branch Technical Position ASB 9.5-1 (attached). See Implementation section of

BTP ASB 9.5-1.

4. Regulatory Guide 1.78, as related to habitable areas such as the control room and

the use of specific fire extinguishing agents.

5. Regulatory Guide 1.101, as related to fire protection emergency planning.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I of this SRP section. The primary

reviewer obtains and uses such input as required to assure that this review procedure

is complete.

The reviewer will select and emphasize material from this SRP section as may be appro-

priate for a particular case.

1. ASB reviews the SAR to determine that the appropriate level of management and

trained, experienced personnel are responsible for the design and implementation

of the fire protection program in accordance with BTP ASB 9.5-1.
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2. ASB reviews the analysis in the SAR of the fire potential in safety-related plant

areas and the hazard of fires to these areas to determine that the proposed fire

protection program is able to maintain the ability to perform safe shutdown

functions and to minimize radioactive releases to the environment.

3. ASB reviews the FPP P&IDs and plant layout drawings to verify that facility

arrangement. buildings, and structural and compartmentation features which affect

the methods used for fire protection, fire control, and control of hazards are

acceptable for the protection of safety-related equipment.

4. ASB determines that design criteria and bases for the detection and suppression

systems for smoke, heat and flame control are in accord with the BTP guidelines

and provide adequate protection for safety-related structures, systems and compo-

nents. The reviewer determines that fire protection support systems, such as

emergency lighting and communication systems, floor drain systems, and ventila-

tion and exhaust systems are designed to operate consistent with this objective.

ASB reviews the results of an FPP failure modes and effect analysis (impairment)

to assure that the entire fire protection system for one safety-related area

cannot be impaired by a single failure.

5. For multiple unit sites, ASB determines that protection is provided to operating

units during concurrent construction of other units. This includes an evaluation

of the total fire protection program for each plant, the overall program for the

site, including division of responsibility on fire protection matters. 4

6. ASS reviews the technical specifications proposed by the applicant for fire

protection (OL). The reviewer will determine that the limiting conditions for

operation and surveillance requirements of the technical specifications are in

agreement with the requirements developed as a result of the staff's review.

IV. EVALUATION FINDINGS

"Based on our evaluation, we conclude that the proposed fire protection program design

criteria and bases are in conformance with General Design Criteria 3 and 5; Regulatory

Guides 1.78 and 1.101; Branch Technical Position ASB 9.5-1 (or Appendix A to BTP

ASB 9.5-1 for applications dated prior to July 1, 1974), as well as applicable industry |

standards. The acceptance basis is the design and location of safety-related structures

and systems to minimize the probability and effect of fires and explosions; use of

noncombustible and heat resistant materials whenever practical; and provision of fire

detection and fire fighting systems of appropriate capacity and capability to minimize

adverse effects of fire on safety-related systems. We, therefore, find the proposed

fire protection program acceptable."
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V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 3, "Fire Protection."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems and Components."

3. Regulatory Guide 1.78, "Assumptions for Evaluating the Habitability of a Nuclear

Power Plant Control Room During a Postulated Hazardous Chemical Release."

4. Regulatory Guide 1.101, "Emergency Planning for Nuclear Power Plants."

5. Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear

Power Plants."

6. Appendix A to Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection

for Nuclear Power Plants Docketed Prior to July 1, 1976."|
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A. INTRODUCTION

General Design Criterion 3, "Fire Protection," of Appendix A, "General Design Criteria

for Nuclear Power Plants," to 10 CFR Part 50, "Licensing of Production and Utilization

Facilities," requires that structures, systems and components important to safety be

designed and located to minimize, consistent with other safety requirements, the probabil-

ity and effect of fires and explosions. Noncombustible and heat-resistant materials are

required to be used wherever practical throughout the unit, particularly in locations such

as the containment and control room. Criterion 3 also requires that fire detection and

suppression systems of appropriate capacity and capability be provided and designed to

minimize the adverse effect of fires on structures, systems and components important to

safety and that firefighting systems be designed to ensure that their failure, rupture or

inadvertent operation does not significantly impair the safety capability of these struc-

tures, systems and components.

This Branch Technical Position (BTP) presents guidelines acceptable to the NRC staff

for implementing this criterion in the development of a fire protection program for nuclear

power plants. The purpose of the fire protection program is to ensure the capability to

shut down the reactor and maintain it in a safe shutdown condition and to minimize radio-

active releases to the environment in the event of a fire. It implements the philosophy of

defense-in-depth protection against the hazards of fire and its associated effects on

safety-related equipment. If designs or methods different from the guidelines recommended

herein are used, they must provide equivalent fire protection. Suitable bases and justifi-

cation should be provided for alternative approaches to establish acceptable implementation

of General Design Criterion 3.

This BTP addresses fire protection programs for safety-related systems and equipment

and for other plant areas containing fire hazards that could adversely affect safety-related

systems. It does not give guidance for protecting the life or safety of the site personnel

or for protection against economic or property loss. This document supplements Regulatory

Guide 1.75, "Physical Independence of Electrical Systems," in determining the fire protec-

tion for redundant cable systems.

B. DISCUSSION

There have been 32 fires in operating U.S. nuclear power plants through December 1975.

Of these, the fire on March 22, 1975 at Browns Ferry nuclear plant was the most severe.

With approximately 250 operating reactor years of experience, one may infer a frequency on

the order of one fire per ten reactor years. Thus, on the average, a nuclear power plant

may experience one or more fires of varying severity during its operating life. Although

WASH-1400, "Reactor Safety Study. - An Assessment of Accident Risks in U.S. Commercial

Nuclear Power Plants," dated October 1975, concluded that the Browns Ferry fire did not

affect the validity of the overall risk assessment, the staff concluded that cost-effective 0
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fire protection measures should be instituted to significantly decrease the frequency and

severity of fires and consequently initiated the development of this BTP. In this develop-

ment, the staff made use of many national standards and other publications related to fire

protection. The documents discussed below were particularly useful.

A document entitled "The International Guidelines for the Fire Protection of Nuclear

Power Plants" (IGL), 1974 Edition. Second Reprint, published on behalf of the National

Nuclear Risks Insurance Pools and Association, provides a step-by-step approach to assess-

ing the fire risk in a nuclear power plant and describes protective measures to be taken as

a part of the fire protection of these plants. It provides useful guidance in this important

area. Thp Nuclear Energy Liability and Property Insurance Association (NELPIA) and the

Mutual Atomic Energy Reinsurance Pool (MAERP) have prepared a document entitled 'Specifica-

tions for Fire Protection of New Plants," which gives general conditions and valuable

criteria. A special review group organized by NRC under Dr. Stephen H. Hanauer, Technical

Advisor to the Executive Director for Operations, to study the Browns Ferry fire, issued a

report, NUREG-0050, "Recommendations Related to Browns Ferry Fire," in February 1976, which

contains recommendations applicable to all nuclear power plants. This 8TP uses the appli-

cable information contained in these documents.

The fire protection program for a nuclear power plant presented in this BTP consists

of design features, personnel, equipment and procedures that provide the defense-in-depth

protection of the public health and safety. The purpose of the program is to prevent

significant fires, to ensure the capability to shut down the reactor and maintain it in a

safe shutdown condition, and to minimize radioactive releases to the environment in the

event of a significant fire. To meet this objective, it is essential that management

participation in the program begin with early design concepts and plant layout work and

continue through plant operation and that a qualified staff be responsible for engineering

and design of fire protection systems that provide fire detection, annunciation, confine-

ment and suppression for the plant. The staff should also be responsible for fire preven-

tion activities, maintenance of fire protection systems, training, and manual firefighting

activities. It is the combination of all these that provides the needed defense-in-depth

protection of the public health and safety.

Some of the major conclusions that emerged from the Browns Ferry fire investigations

warrant emphasis and are discussed below.

l. Defense-in-Depth

Nuclear power plants use the concept of defense-in-depth to achieve the required high

degree of safety by using echelons of safety systems. This concept is also applicable to

fire safety in nuclear power plants. With respect to the fire protection program, the

defense-in-depth principle is aimed at achieving an adequate balance in:
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a. Preventing fires from starting;

b. Detecting fires quickly, suppressing those fires that occur, putting them out

quickly, and limiting their damage; and

c. Designing plant safety systems so that a fire that starts in spite of the fire

prevention program and burns for a considerable time in spite of fire protection activities

will not prevent essential plant safety functions from being performed.

No one of these echelons can be perfect or complete by itself. Strengthening any one

can compensate in some measure for weaknesses, known or unknown, in the others.

The primary objective of the fire protection program is to minimize both the probabil-

ity and consequences of postulated fires. In spite of steps taken to reduce the probability

of fire, fires are expected to occur. Therefore, means are needed to detect and suppress

fires with particular emphasis on providing passive and active fire protection of appro-

priate capability and adequate capacity for the systems necessary to achieve and maintain

safe plant shutdown with or without offsite power. For other safety-related systems, the

fire protection should ensure that a fire will not cause the loss of function of such

systems, even though loss of redundancy within a system may occur as a result of the fire.

Generally, in plant areas where the potential fire damage may jeopardize safe plant shutdown,

the primary means of fire protection should consist of fire barriers and fixed automatic

fire detection and suppression systems. Also, a backup manual firefighting capability

should be provided throughout the plant to limit the extent of fire damage. Portable

equipment consisting of hoses, nozzles, portable extinguishers, complete personnel protec-

tive equipment, and air breathing equipment should be provided for use by properly trained

firefighting personnel. Access for effective manual application of fire extinguishing

agents to combustibles should be provided. The adequacy of fire protection for any partic-

ular plant safety system or area should be determined by analysis of the effects of the

postulated fire relative to maintaining the ability to safely shut down the plant and

minimize radioactive releases to the environment in the event of a fire.

Fire protection starts with design and must be carried through all phases of construc-

tion and operation. A quality assurance (QA) program is needed to identify and rectify

errors in design, construction and operation and is an essential part of defense in-depth.

2. Use of Water on Electrical Cable Fires

Experience with major electrical cable fires shows that water will promptly extinguish

such fires. Since prompt extinguishing of the fire is vital to reactor safety, fire and

water damage to safety systems is reduced by the more efficient application of water from

fixed systems spraying directly on the fire rather than by manual application with fire

hoses. Appropriate firefighting procedures and fire training should provide the techniques,
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equipment and skills for the use of water in fighting electrical cable fires in nuclear

plants, particularly in areas containing a high concentration of electric cables with

plastic insulation.

This is not to say that fixed water systems should be installed everywhere. Equipment

that may be damaged by water should be shielded or relocated away from the fire hazard and

the water. Drains should be provided to remove any water used for fire suppression and

extinguishment to ensure that water accumulation does not incapacitate safety-related

equipment.

3. Establishment and Use of Fire Areas

Separate fire areas for each division of safety-related systems will reduce the possi-

bility of fire-related damage to redundant safety-related equipment. Fire areas should be

established to separate redundant safety divisions and isolate safety-related systems from

fire hazards in nonsafety-related areas. Particular design attention to the use of separate

isolated fire areas for redundant cables will help to avoid loss of redundant safety-related

cables. Separate fire areas should also be employed to limit the spread of fires between

components that are major fire hazards within a safety division. Where redundant systems

cannot be separated by fire barriers, as in co.. nent and the control room, it is necessary

to employ other measures to prevent a fire from causing the loss of function of safety-

related systems.

Within fire areas containing components of a safety-related system, special attention

should be given to detecting and suppressing fires that may adversely affect the system.

Measures that may be taken to reduce the effects of a postulated fire in a given fire area

include limiting the amount of combustible materials, installing fire-resistant construction,

providing fire stops or fire-retardant coating in cable trays, installing fire detection

systems and fixed fire suppression systems, or providing other protection suitable to the

installation. The fire hazard analysis will be the mechanism to determine that fire areas

have been properly selected.

Suitable design of the ventilation systems can limit the consequences of a fire by

preventing the spread of the products of combustion to other fire areas. It is important

that means be provided to ventilate, exhaust or isolate the fire area as required and that

consideration be given to the consequences of failure of ventilation systems due to fire

causing loss of control for ventilating, exhausting or isolating a given fire area. The

capability to ventilate, exhaust or isolate is particularly important to ensure the habit-

ability of rooms or spaces that must be attended in an emergency. In the design, provision

should be made for personnel access to and escape routes from each fire area.
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4. Definitions

For the user's convenience, some of the terms related to fire protection are presented
below with their definitions as used in this BTP.

Approved - tested and accepted for a specific purpose or application by a nationally
recognized testing laboratory.

Automatic - self-acting, operating by its own mechanism when actuated by some imper-
sonal influence such as a change in current, pressure, temperature or mechanical
configuration.

Combustible Material - material that does not meet the definition of noncombustible.

Control Room Complex - the zone served by the control room emergency ventilation
system (see SRP Section 6.4, "Habitability Systems").

Fire Area - that portion of a building or plant that is separated from other areas by
boundary fire barriers.

Fire Barrier - those components of construction (walls, floors and their supports),

including beams, Joists, columns, penetration seals or closures, fire doors and fire

dampers that are rated by approving laboratories In hours of resistance to fire and
are used to prevent the spread of fire.

Fire Stop - a feature of construction that prevents fire propagation along the length
of cables or prevents spreading of fire to nearby combustibles within a given fire
area or fire zone.

Fire Bricade - the team of plant personnel assigned to firefighting and who are equipped
for and trained in the fighting of fires.

Fire Detectors - a device designed to automatically detect the presence of fire and
initiate an alarm system and other appropriate action (see NFPA 72E, "Automatic Fire

Detectors"). Some typical fire detectors are classified as follows:

Heat Detector - a device that detects a predetermined (fixed) temperature or rate
of temperature rise.

Smoke Detector - a device that detects the visible or invisible products of
combustion.
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Flame Detector - a device that detects the infrared, ultraviolet or visible

radiation produced by a fire.

Line-Type Detector - a device in which detection is continuous along a path,

e.g., fixed-temperature, heat-sensitive cable and rate-of-rise pneumatic tubing

detectors.

Fire Protection Program - the integrated effort Involving components, procedures and

personnel utilized in carrying out all activities of fire protection. It includes

system and facility design, fire prevention, fire detection, annunciatfon, confinement,

suppression, administrative controls, fire brigade organization, inspection and mainte-

nance, training, quality assurance and testing.

Fire Rating - the endurance period of a fire barrier or structure; it defines the

period of resistance to a standard fire exposure before the first critical point in

behavior is observed (see NFPA 251).

Fire Suppression - control and extinguishing of fires (firefighting). Manual fire

suppression is the use of hoses, portable extinguishers, or manually-actuated fixed

systems by plant personnel. Automatic fire suppression is the use of automatically

actuated fixed systems such as water, Halon or carbon dioxide systems.

Fire Zones - the subdivisions of fire areas in which the fire suppression systems are

designed to combat particular types of fires.

Noncombustible Material

a. Material, no part of which will ignite and burn when subjected to fire.

b. Material having a structural base of noncombustible material, as defined in

a., above, with a surfacing not over 1/16-inch thick that has a flame spread rating

not higher than 50 when measured using ASTM E-84 Test "Surface Burning Characteristics

of Building Materials

Raceway - refer to Regulatory Guide 1.75.

Restricted Area - any area to which access is controlled by the licensee for purposes

of protecting individuals from exposure to radiation and radioactive materials.

Safety-Related Systems and Components - systems and components required to shut down

the reactor, mitigate the consequences of postulated accidents, or maintain the reactor

in a safe shutdown condition.
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Secondary Containment - a structure that completely encloses priuary containment, used

for controlling containment leakage.

Sprinkler System - a network of piping connected to a reliable water supply that will

distribute the water throughout the area protected and will discharge the water through

sprinklers in sufficient quantity either to extinguish the fire entirely or to prevent

its spread. The system. usually activated by heat, includes a controlling valve and a

device for actuating an alarm when the system is in operation. The following cate-

gories of sprinkler systems are defined in NFPA 13, *Standard for the Installation of

Sprinkler Systems":

Wet-Pipe System

Dry-Pipe System

Preaction System

Deluge System

Combined Dry-Pipe and Preaction System

* On-Off System

Standpipe and Hose Systems - a fixed piping system with hose outlets, hose and nozzles

connected to a reliable water supply to provide effective fire hose streams to specific

areas inside the building. - I

Water Spray System - a network of piping similar to a sprinkler system except that it

utilizes open-head spray nozzles. NFPA 15, 'Water Spray Fixed Systems," provides

guidance on these systems.

C. POSITION

1. Overall Requirements of the Fire Protection Program

a. Personnel

Responsibility for the overall fire protection program should be assigned to a

designated person in the upper level of management who has management control over the

organizations involved in fire protection activities. This person should retain ultimate

responsibility even though formulation and assurance of program implementation is delegated.

Such delegation of authority should be to a staff composed of personnel prepared by training

and experience in fire protection and personnel prepared by training and experience in

nuclear plant safety to provide a balanced approach in directing the fire protection program

for the nuclear power plant.
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The staff should be responsible for:

(1) Coordination of fire protection program requirements, including considera-

tion of potential hazards associated with postulated fires, with building layout and systems

design.

(2) Design and maintenance of fire detection, suppression and extinguishing

systems.

(3) Fire prevention activities.

(4) Training and manual firefighting activities of plant personnel and the fire

brigade.

(S) Prefire planning.

On sites where there is an operating reactor and construction or modification of

other units is underway, the superintendent of the operating plant should have the lead

responsibility for site fire protection.

(NOTE: NFPA 6, "Recommendations for Organization of Industrial Fire Loss Prevention."

contains useful guidance for the organization and operation of the entire fire loss preven-

tion program.)

b. Fire Hazard Analysis

The overall fire protection program should allow the plant to maintain the ability

to perform safe shutdown functions and minimize radioactive releases to the environment in

the event of a fire. A major element of this program should be the evaluation of potential

fire hazards throughout the plant and the effect of postulated fires on safety-related

plant areas.

Fire initiation should be postulated at the location that will produce the most

severe fire, assuming an ignition source is present at that point. Fire development should

consider the potential for involvement of other combustibles, both fixed and transient, in

the fire area. Where automatic suppression systems are installed, the effects of the

postulated fire should be evaluated with and without actuation of the automatic suppression

system.

(1) A detailed fire hazard analysis should be made during initial plant design

to reflect the proposed construction arrangement, materials and facilities. This analysis

should be revised periodically as design and construction progress and before and during

major plant modifications.
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(2) The fire hazard analysis should be a systematic study of (a) all elements of

the fire protection program being proposed to ensure that the plant design has included

adequate identification and evaluation of potential fire hazards, and (b) the effect of

postulated fires relative to maintaining the ability to perform safe shutdown functions and is

minimizing radioactive releases to the environment.

(3) Experienced judgment is necessary to identify fire hazards and the conse-

quences of a postulated fire starting at any point in the plant. Evaluation of the conse-

quences of the postulated fire on nuclear safety should be performed by persons thoroughly

trained and experienced in reactor safety' The person conducting the analysis of fire

hazards should be thoroughly trained and experienced in the principles of industrial fire

prevention and control and in fire phenomena from fire Initiation, through its development,

to propagation into adjoining spaces. The fire hazard analysis should be conducted by or

under the direct supervision of an engineer who is qualified for Member grade in the Society

of Fire Protection Engineers.

(4) The fire hazard analysis should separately identify hazards and provide

appropriate protection in locations where safety-related losses can occur as a result of:

(a) Concentrations of combustible contents, including transient fire loads

due to combustibles expected to be used in normal operations such as refueling, maintenance

and modifications;

(b) Continuity of combustible contents, furnishings, building materials, or

combinations thereof in configurations conducive to fire spread;

(c) Exposure fire, heat, smoke or water exposure, including those that 'may

necessitate evacuation from areas that are required to be attended for safe shutdown;

(d) Fire in control rooms or other locations having critical safety-related

functions;

(e) Lack of adequate access or smoke removal facilities that impede fire

extinguishment in safety-related areas;

(f) Lack of explosion-prevention measures;

(g) Loss of electric power or control circuits; and

(h) Inadvertent operation of fire suppression systems.

(5) The fire hazard analysis should verify that the fire protection program

guidelines of this 8TP have been met. To that end, the report on the analysis should list
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applicable elements of the program, with explanatory statements as needed to identify

location, type of system, and design criteria. The report should identify any deviations

from the regulatory position and should present alternatives for staff review. Justifica-

tion for deviations from the regulatory position should show that an equivalent level of

protection will be achieved. Deletion of a protective feature without compensating alterna-

tive protective measures generally will not be acceptable, unless it is clearly demonstrated

that the protective measure is not needed because of the design and arrangement of the

particular plant.

c. Fire Suppression System Design Basis

Ui) Total reliance should not be placed on a single fire suppression system.

Appropriate backup fire suppression capability should be provided.

(2) A single active failure or a crack in a moderate-energy line (pipe) in the

fire suppression system should not impair both the primary and backup fire suppression

capability. For example, neither the failure of a fire pump, its power supply or controls,

nor a crack in a moderate-energy line in the fire suppression system, should result in loss

of function of both sprinkler and hose standpipe systems in an area protected by such

primary and backup systems.

(3) As a minimum, the fire suppression system should be capable of delivering

water to manual hose stations located within hose reach of areas containing equipment

required for safe plant shutdown following the safe shutdown earthquake (SSE). In areas of

high seismic activity, the staff will consider on a case-by-case basis the need to design

the fire detection and suppression systems to be functional following the SSE.

(4) The fire protection systems should retain their original design capability

for (a) natural phenomena of less severity and greater frequency than the most severe

natural phenomena (approximately once in 10 years) such as tornadoes, hurricanes, floods,

ice storms, or small-intensity earthquakes that are characteristic of the geographic region,

and (b) potential man-created site-related events such as oil barge collisions or aircraft

crashes that have a reasonable probability of occurring at a specific plant site. The

effects of lightning strikes should be included in the overall plant fire protection program.

(5) The consequences of inadvertent operation of or a crack in a moderate energy

line in the fire suppression system should meet the guidelines specified for moderate-energy

systems outside containment in SRP Section 3.6.1.

d. Simultaneous Events

(1) Fires need not be postulated to be concurrent with nonfire-related failures

in safety systems, other plant accidents, or the most severe natural phenomena.
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(2) On multiple-reactor sites, unrelated fires need not be postulated to occur

simultaneously in more than one reactor unit. The effects of fires Involving facilities

shared between units and fires due to man-created gite-related events that have a reason-

able probability of occurring and affecting more than one reactor unit (such, t an aircraft

crash) should be considered.

e. Implementation of Fire Protection Proarams

(1) The fire protection program (plans, personnel and equipment) for buildings

storing new reactor fuel and for adjacent fire areas that could affect the fuel storage

area should be fully operational before fuel is received at the site. Such adjacent areas

include those whose flames, hot gases, and fire-generated toxic and corrosive products may

jeopardize safety and surveillance of the stored fuel.

(2) The fire protection program for an entire reactor unit should be fully

operational prior to initial fuel loading in that reactor unit.

(3) On reactor sites where there is an operating reactor and construction or

modification of other units is under way, the fire protection program should provide for

continuing evaluation of fire hazards. Additional fire barriers, fire protection capability.

and administrative controls should be provided as necessary to protect the operating unit

from construction fire hazards.

2. Administrative Procedures. Controls and Fire Brigade

a. Administrative procedures consistent with the need for maintaining the perform-

ance of the fire protection system and personnel in nuclear power plants should be provided.

Guidance is contained in the following publications:

NFPA 4 - Organization for Fire Services

NFPA 4A - Organization of a Fire Department

NFPA 6 - Industrial Fire Loss Prove:gtion

NFPA 7 - Management of Fire Emergencies

NFPA 8 - Management Responsibility for Effects of Fire on

Operations

NFPA 27 - Private Fire Brigades

NFPA 802 - Recommended Fire Protection Practice for Nuclear

Reactors

b. Effective administrative measures should be implemented to prohibit bulk storage

of combustible materials inside or adjacent to safety-related buildings or systems during

operation or maintenance periods. Regulatory Guide 1.39 provides guidance on housekeeping,

including the disposal of combustible materials.
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c. Normal and abnormal conditions or other anticipated operations such as modifica-

tions (e.g., breaching fire barriers or fire stops, impairment-of fire detection and suppres-

sion systems) and transient fire load conditions such as those associated with refueling

activities should be reviewed by appropriate levels of management and the fire protection

staff. Appropriate special action and procedures such as fire watches or temporary fire

barriers should be implemented to ensure adequate fire protection and reactor safety. In

particular:

(1) Work involving ignition sources such as welding and flame cutting should be

done under closely monitored conditions that are controlled by a permit system. Procedures

governing such work should be reviewed and approved by persons trained and experienced in

fire protection. Persons performing and directly assisting in such work should be trained

and equipped to prevent and combat fires. If this is not possible, a person trained in

firefighting techniques and plant emergency procedures should directly monitor the work and

function as a fire watch. In instances where such operations may produce flame, sparks or

molten metal through walls or penetrations, care should be taken to inspect both rooms or

areas (see NFPA-51B, "Cutting and Welding Processes").

(2) Leak testing and similar procedures such as airflow determination should use

one of the commercially available techniques. Ooen flames or combustion-generated smoke

should not be permitted.

(3) Use of combustible material, e.g., HEPA and charcoal filters, dry ion-

exchange resins, or other combustible supplies, in safety-related areas should be controlled.

Use of wood inside buildings containing safety-related systems or equipment should be

permitted only when suitable noncombustible substitutes are not available. If wood must be

used, only fire-retardant treated wood (scaffolding, lay-down blocks) should be permitted.

Such materials should be allowed into safety-related areas only when they are to be used

immediately. Their possible and probable use should be considered in the fire hazard

analysis to determine the adequacy of the installed fire protection systems and the effects

on safety-related equipment.

(4) Disarming of fire detection or fire suppression systems should be controlled

by a permit system. Fire watches should be established in areas where systems are so

disarmed.

d. The plant should be designed to be self-sufficient with respect to firefighting

activities to protect safety-related plant areas. Public fire department response should

be provided for in the overall fire protection program for supplemental and backup

capability.

e. The need for good organization, training, and equipping of fire brigades at

nuclear power plant sites requires that effective measures be implemented to ensure proper
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discharge of these functions. The guidance in Regulatory Guide 1.101, 'Emergency Planning

for Nuclear Power Plants," should be followed as applicable6

(1) Successful firefighting requires testing and maintenance of the fire protec-

tion equipment and the emergency lighting and communication, as well as practice as brigades

for the people who must utilize the equipment. A test plan that lists the individuals and

their responsibilities in connection with routine tests and inspections of the fire detec-

tion and protection systems should be developed. The test plan should contain tVe types,

frequency and detailed procedures for testing. Procedures should also contain instructions

on maintaining fire protection during those periods when the fire protection system is

impaired or during periods of plant maintenance, e.g., fire watches or temporary hose

connections to water systems.

(2) Basic training is a necessary element in effective firefighting operation.

In order for a fire brigade to operate effectively, it must operate as a team. All members

must know what their individual duties are. They must be familiar with the layout of the

plant and with equipment location and operation in order to permit effective firefighting

operations during times when a particular area is filled with smoke or is insufficiently

lighted. Such training can only be accomplished by conducting drills and classroom instruc-

tion several times a year (at least quarterly) so that all members of the fire brigade have

had the opportunity to train as a team testing itself in the major areas of the plant. The

drills should include the simulated use of equipment in each area and should be preplanned

and postcritiqued to establish the training objective of the drills and determine how well

these objectives have been met. These drills should provide for local fire department

participation periodically (at least annually). Such drills also permit supervising person-

nel to evaluate the effectiveness of communications within the fire brigade and with the

on-scene fire team leader, the reactor operator in the control room, the plant physical

security organization, and any other command post. i

(3) To have proper coverage during all phases of operation, members of each

shift crew should be trained in fire protection. Training of the plant fire brigade should

be coordinated with the local fire department so that responsibilities and duties are

delineated in advance. This coordination should be part of the training course and should

be included in the training of the local fire department staff. The plant fire brigade

should not include any of the plant physical security personnel required to be available to

fulfill the response requirements of paragraph 73.55(h)(2) of 10 CFR Part 73, "Physical

Protection of Plants and Materials." Local fire departments should be provided training in

operational precautions when fighting fires on nuclear power plant sites and should be made

aware of the need for radiological protection of personnel and the special hazards asso-

ciated with a nuclear power plant site.

(4) NFPA 27, "Private Fire Brigade," should be followed in organization, training

and fire drills. This standard also is applicablc for the inspection and maintenance of
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firefighting equipment. Among the standards referenced in this document. NFPA 197, "Train-

1ng Standard on Initial Fire Attacks," should be utilized as applicable. NFPA booklets and

pamphlets listed in NFPA 27 may be used as applicable for training references. In addition,

courses in fire prevention and fire suppression that are recognized or sponsored by the

fire protection industry shuld be utilized.

3. Quality Assurance Program

The quality assurance (QA) programs of applicants and contractors should ensure that

the guidelines for design, procurement, installation and testing and the administrative

controls for the fire protection systems for safety-related areas are satisfied. The QA
program should be under the management control of the QA organization. This control con-

sists of (1) formulating a fire protection QA program that incorporates suitable require-
ments and is acceptable to the management responsible for fire protection or verifying that

the program incorporates suitable requirements and is acceptable to the management responsi-

b1 for fire protection, and (2) verifying the effectiveness of the QA program for fire

protection through review, surveillance and audits. Performance of other QA program func-
tions for meeting the fire protection program requirements may be performed by personnel

outside of the QA organization. The QA program for fire protection should be part of the

overall plant QA program. It should satisfy the specific criteria listed below.

a. Design and Procurement Document Control

Measures should be established to ensure that the guidelines of the regulatory

position of this guide are included in design and procurement documents and that deviations

therefrom are controlled.

b. Instructions, Procedures and Drawings

Inspections, tests, administrative controls, fire drills, and training that
govern the fire protection program should be prescribed by documented instructions, proce-
dures or drawings and should be accomplished in accordance with these documents.

c. Control of Purchased Material, Equipment and Services

Measures should be established to ensure that purchased material, equipment and

services conform to the procurement documents.

d. Inspection

A program for independent inspection of activities affecting fire protection

should be established and executed by or for the organization performing the activity to

verify conformance with documented installation drawings and test procedures for accomplish-
ing the activities.
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e. Test and Test Control

A test program should be established and implemented to ensure that testing is

performed and verified by inspection and audit to demonstrate conformance Vig design and

system readiness requirements. The tests should be performed in accordande with written

test procedures; test results should be properly evaluated and acted on.

f. Inspection. Test and Operating Status

Measures should be established to provide for the identification of items that

have satisfactorily passed required tests and inspections.

. Nonconformina Items

Moasures should be established to control Items that do not conform to specified

requirements to prevent inadvertent use or installation.

h. Corrective Action

Measures should be established to ensure that conditions adverse to fire protec-

tion, such as failures, malfunctions, deficiencies, deviations, defective components,

uncontrolled combustible material and nonconformances, are promptly identified, reported,

and corrected.

I. Records

Records should be prepared and maintained to furnish evidence that the criteria

enumerated above are being met for activities affecting the fire protection program.

J. Audits

Audits should be conducted and documented to verify compliance with the fire

protection program, including design and procurement documents, instructions, procedures

and drawings, and inspection and test activities.

4. Grn-.al Plant Guidelines

a. Building Design

(1) Fire barriers with a minimum fire resistance rating of three hours should be

used, except as noted in other paragraphs, to:
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(a) Isolate safety-related systems from any potential fires in nonsafety-

related areas that could affect their ability to perform their safety function;

(b) Separate redundant divisions or trains of safety-related systems from

each other so that both are not subject to damage from a single fire hazard; and

(c) Separate individual units on a multiple-unit site unless the requirements

of General Design Criterion 5 can be met with respect to fires.

(2) Appropriate fire barriers should be provided within a single safety division

to separate components that present a fire hazard to other safety-related components or

high concentrations of safety-related cables within that division.

(3) Each cable spreading room should contain only one redundant safety division.

Cable spreading rooms should not be shared between reactors. Cable spreading rooms should

be separated from each other and from other areas of the plant by barriers having a minimum

fire resistance of three hours.

(4) Interior wall and structural components, thermal insulation materials,

radiation shielding materials, and soundproofing should be noncombustible. Interior

finishes should be noncombustible or listed by a nationally recognized testing laboratory

such as Factory Mutual or Underwriters Laboratory, Inc., for:

(a) Surface flamespread rating of 50 or less when tested under ASTM E-84,

and

(b) Potential heat release of 3500 Btu/lb or less when tested under

ASTM D-3286 or NFPA 259.

Materials that are acceptable for use as interior finish without evidence of

test and listing by a nationally recognized laboratory are the following:

Plaster, acoustic plaster

Gypsum plasterboard (gypsum wallboard)

Any of the above, plain, wallpapered. or painted with oil- or water-base

paint

Ceramic tile, ceramic panels

'The concept of using a potential heat release limit of 3500 Btu/lb is similar to the
"limited combustible" concept with its like limit, as set torth in NFPA 220.
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Glass, glass blocks

Brick, stone, concrete blocks, plain or painted

Steel and aluminum panels, plain, painted, or

enameled

Vinyl tile, vinyl-asbestos tile, linoleum, or asphalt tile on concrete

floors.

(5) Metal deck roof construction should be noncombustible, listed as Hacceptable

for fire" in the UL Building Materials Directory, or listed as Class I in the Factory

Mutual System Approval Guide.

(6) Suspended ceilings and their supports should be of noncombustible construc-

tion. Concealed spaces should be devoid of combustibles except as noted in Position C.6.b.

(7) Transformers installed inside fire areas containing safety-related systems

should be of the dry type or insulated and cooled with noncombustible liquid. Where trans-

formers filled with combustible fluid are located in nonsafety-related areas, there should

be no openings in the fire barriers separating such transformers from areas containing

safety-related systems or equipment.

(8) Buildings containing safety-related systems should be protected from exposure

or spill fires involving outdoor oil-filled transformers by providing oil spill confinement

or drainage away from the buildings and:

Locating such transformers at least 50 feet distant from the building,

or

Ensuring that such building walls within 50 feet of oil-filled trans-

formers are without openings and have a fire resistance rating of at

least three hours.

(9) Floor drains sized to remove expected firefighting waterflow without flooding

safety-related equipment should be provided in those areas where fixed water fire suppres-

sion systems are installed. Floor drains should also be provided in other areas where hand

hose lines may be used if such firefighting water could cause unacceptable damage to safety-

related equipment in the area (see NFPA-92, "Waterproofing and Draining of Floors"). Where

gas suppression systems are installed, the drains should be provided with adequate seals or

the gas suppression system should be sized to compensate for the loss of the suppression

agent through the drains. Drains in areas Containing combustible liquids should have

provisions for preventing the spread of the fire throughout the drain system. Water drainage
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from areas that may contain radioactivity should be collected, sampled and analyzed before

discharge to the environment.

(10) Floors, walls and ceilings separating fire areas should have a minimum fire

rating of three hours. Openings through fire barriers around conduit or piping should be

sealed or closed to provide a fire resistance rating at least equal to that required of the

barrier itself. Door openings should be protected with equivalently rated doors, frames

and hardware that have been tested and approved by a nationally recognized laboratory.

Such doors should be normally closed and delay-alarmed with alarm and annunciation in the

control room, locked closed, or equipped with automatic self-closing devices using magnetic

hold-open devices that are activated by smoke or rate-of-rise heat detectors protecting

both sides of the opening. The status of doors equipped with magnetic hold-open devices

should be indicated in the control room. Fire barrier openings for ventilation systems

should be protected by a "fire door damper" having a rating equivalent to that required of

the barrier (see NFPA-80, "Fire Doors and Windows"). Flexible air duct coupling in ventila-

tion and filter systems should be noncombustible.

(11) Personnel access routes and escape routes should be provided for each fire

area. Stairwells outside primary containment serving as escape routes, access routes for

firefighting, or access routes to areas containing equipment necessary for safe shutdown

should be enclosed in masonry or concrete towers with a minimum fire rating of two hours

and self-closing Class B fire doors.

(12) Fire exit routes should be clearly marked.

b. Control of Combustibles

(1) Safety-related systems should be isolated or separated from combustible

materials. When this is not possible because of the nature of the safety system or the

combustible material, automatic fire suppression should be provided to limit the conse-

quences of a fire.

(2) Use and storage of compressed gases (especially oxygen and flammable gases)

inside buildings housing safety-related equipment should be controlled. Bulk storage of

flammable gas should not be permitted inside structures housing safety-related equipment

and should be sufficiently remote that a fire or explosion will not adversely affect any

safety-related systems or equipment (see NFPA 6, "Industrial Fire Loss Prevention").

(3) It is recognized that halogenated compounds are used to improve the fire

retardancy of cable insulation; insulating and jacketing materials should be chosen to have

a high flame resistance and low smoke and offgas characteristics without degrading the

required electrical and physical properties. However, plastic materials should not be used

for other applications unless suitable noncombustible materials are not available.
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(4) Storage and usage of flammable liquids should, as a minimum, comply with the

requirements of NFPA 30, 'Flammable and Combustible Liquids Code."

c. Electrical Cable Construction. Cable Trays and Cable Penetrations

(1) Only metal should be used for cable trays. Only metallic tubing should be

used for conduit. Thin-wall metallic tubing should not be used. Flexible mftallic tubing

should only be used in short lengths to connect to equipment. Other racewayv should be

made of noncombustible material.

(2) Redundant safety-related cable systems outside the cable spreading room

should be separated from each other and from potential fire exposure hazards in nonsafety-

related areas by fire barriers with a minimum fire rating of three hours. These cable

trays should be provided with continuous line-type heat detectors and should be accessible

for manual firefighting. Cables should be designed to allow wetting down with fire suppres-

sion water without electrical faulting. Manual hose stations and portable hand extin-

guishers should be provided. Safety-related equipment in the vicinity of such cable trays

that does not itself require fixed water suppression systems but is subject to unacceptable

damage from water should be protected.

Safety-related cable trays of a single division that are separated from

redundant divisions by a fire barrier with a minimum rating of three hours and are normally

accessible for manual firefighting should be protected from the effects of a potential

exposure f ire by providing automatic water suppression in the area where such a fire could

occur. Automatic area protection, where provided, should consider cable tray arrangements

and possible transient combustibles to ensure adequate water coverage for areas that could

present an exposure hazard to the cable system. Manual hose standpipe systems may be

relied upon to provide the primary fire suppression (in lieu of automatic water suppression

systems) for safety-related cable trays of a single division that are separated from redun-

dant safety divisions by a fire barrier with a minimum rating of three hours and are normally

accessible for manual firefighting if all of the following conditions are met:

(a) The number of equivalent2 standard 24-inch-wide cable trays (both

safety-related and nonsafety-related) in a given fire area is six or less;

(b) The cabling does not provide instrumentation, control or power to

systems required to achieve and maintain cold shutdown; and

(c) Smoke detectors are provided in the area of these cable routings, and

continuous line-type heat detectors are provided in the cable trays.

ZTrays exceeding 24 inches should be counted as two trays; trays exceeding 48 inches should
be counted as three trays, regardless of tray fill.
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Safety-related cable trays that are not accessible for manual fighting

should be protected by a zoned automatic water system with open-head deluge or open direc-

tional spray nozzles arranged so that adequate water coverage is provided for each cable

tray. Such cable trays should also be protected from the effects of a potential exposure

fire by providing automatic water suppression in the area where such a fire could occur.

In such plant areas as primary and secondary containment or other areas

where it may not be possible because of other overriding design features necessary for

reasons of nuclear safety to separate redundant safety-related cable systems by three-hour-

rated fire barriers, cable trays should be protected by an automatic water system with

open-head deluge or open directional spray nozzles arranged so that adequate water coverage

is provided for each cable tray. Such cable trays should also be protected from the effects

of a potential exposure fire by providing automatic water suppression in the area where

such a fire could occur. The capability to achieve and maintain safe shutdown considering

the effects of a fire involving fixed and potential transient combustibles should be evalu-

ated with and without actuation of the automatic suppression system and should be justified

on a suitably defined basis.

(3) Cable and cable tray penetration of fire barriers (vertical and horizontal)

should be sealed to give protection at least equivalent to that required of the fire barrier.

The design of fire barrier penetrations for horizontal and vertical cable trays should be

qualified by tests.3 The penetration qualification tests should use the time-temperature

exposure curve specified by ASTM E-119, "Fire Test of Building Construction and Materials."

Openings inside conduit larger than four inches in diameter should be sealed at the fire

barrier penetration; these seals should be qualified by tests as described above. Openings

inside conduit four inches or less in diameter should be sealed at the fire barrier and

should be qualified by tests as described above unless the conduit extends at least five

feet on each side of the fire barrier and is sealed either at both ends or at the fire

barrier with noncombustible material to prevent the passage of smoke and hot gases. Fire

barrier penetrations that must maintain environmental isolation or pressure differentials

should be qualified by test to maintain the barrier integrity under the conditions specified

above.

(4) Fire stops should be installed every 20 feet along horizontal cable routings

in areas that are not protected by automatic water systems. Vertical cable routings should

have fire stops installed at each floor/ceiling level. Between levels or in vertical cable

chases, fire stops should be installed at the midheight if the vertical run is 20 feet or

more but less than 30 feet or at 15-foot intervals in vertical runs of 30 feet or more

unless such vertical cable routings are protected by automatic water systems directed on

the cable trays. Individual fire stop designs should prevent the propagation of a fire for

4Penetration qualification test criteria are under development. Guidance is currently
available in the form of a draft standard, "Standard for Cable Penetration Fire Stop Test
Procedure," being developed by Task Force 12-40 of the IEEE Insulated Conductors Committee.
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a minimum period of thirty minutes when tested for the largest number of cable routings and

maximum cable density.

(5) Electric cable constructions should, as a minimum, pass the flame test in

the current IEEE Std 383. (This does not imply that cables passing this test will not

require fire protection.)

(6) Cable raceways should be used only for cables.

(7) Miscellaneous storage and piping for flammable or combustible liquids or

gases should not create a potential exposure hazard to safety-related systems.

d. Ventilation

(1) The products of combustion and the means by which they will be removed from

each fire area should be established during the initial stages of plant design. Considera-

tion should be given to the installation of automatic suppression systems as a means of

limiting smoke and end heat generation. Smoke and corrosive gases should generally be

discharged directly outside to an area that will not affect safety-related plant areas.

The normal plant ventilation system may be used for this purpose if capable and available.

To facilitate manual firefighting, separate smoke and heat vents should be provided in

specific areas such as cable spreading rooms, diesel fuel oil storage areas, switchgear

rooms, and other areas where the potential exists for heavy smoke conditions (see NFPA 204

for additional guidance on smoke control).

(2) Release of smoke and gases containing radioactive materials to the environ-

ment should be monitored in accordance with emergency plans as described in the guidelines

of Regulatory Guide 1.101, 'Emergency Planning for Nuclear Power Plants." Any ventilation

system designed to exhaust potentially radioactive smoke or gases should be evaluated to

ensure that inadvertent operation or single failures will not violate the radiologically

controlled areas of the plant design. This requirement includes containment functions for

protecting the public and maintaining habitability for operations personnel.

(3) Special protection for ventilation power and control cables may be required.

The power supply and controls for mechanical ventilation systems should be run outside the

fire area served by the system where practical.

(4) Engineered safety feature filters should be protected in accordance with the

guidelines of Regulatory Guide 1.52. Any filter that includes combustible materials and is

a potential exposure fire hazard that may affect safety-related components should be pro-

tected as determined by the fire hazard analysis.

(5) The fresn air supply intakes to areas containing safety-related equipment or

systems should be located remote from the exhaust air outlets and smoke vents of other fire
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areas to minimize the possibility of contaminating the intake air with the products of

combustion.

(6) Stairwells should be designed to minimize smoke infiltration during a fire.

(7) Self-contained breathing apparatus using full-faca positive-pressure masks

approved by NIOSH (National Institute for Occupational Safety and Health--approval formerly

given by the U.S. Bureau of Mines) should be provided for fire brigade, damage control, and

control room personnel. Control room personnel may be furnished breathing air by a mani-

fold system piped from a storage reservoir if practical. Service or rated operating life

should be a minimum of one-half hour for the self-contained uniLs.

At least two extra air bottles should be located on site for each self-

contained breathing unit. In addition, an onsite six-hour supply of reserve air should be

provided and arranged to permit quick and complete replenishment of exhausted supply air

bottles as they are returned. If compressors are used as a source of breathing air, only

units approved for breathing air should be used; compressors should be operable assuming a

loss of offsite power. Special care must be taken to locate the compressor in areas free

of dust and contaminants.

(8) Where total flooding gas extinguishing systems are used, area intake and

exhaust ventilation dampers should be controlled in accordance with NFPA 12. "Carbon Dioxide

Systems," and NFPA 12A, "Halon 1301 Systems, to maintain the necessary gas concentration.

e. Lightina and Communication

Lighting and two-way voice communication are vital to safe shutdown and emergency

response in the event of fire. Suitable fixed and portable emergency lighting and communica-

tion devices should be provided as follows:

(1) Fixed self-contained lighting consisting of fluorescent or sealed-beam units

with individual eight-hour minimum battery power supplies should be provided in areas that

must be manned for safe shutdown and for access and egress routes to and from all fire

areas. Safe shutdown areas include those required to be manned if the control room must be

evacuated.

(2) Suitable sealed-beam battery-powered portable hand lights should be provided

for emergency use by the fire brigade and other operations personnel required to achieve

safe plant shutdown.

(3) Fixed emergency communications independent of the normal plant communication

system should be installed at preselected stations.
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(4) A portable radio communications system should be provided for use by the

fire brigade and other operations personnel required to achieve safe plant shutdown. This

system should not Interfere with the communications capabilities of the plant security

force. Fixed repeaters installed to permit use of portable radio communication units

should be protected from exposure fire damage. Preoperational and periodic testing should

demonstrate that the frequencies used for portable radio communication will not affect the

actuation of protective relays.

5. Fire Detection and Suppression

a. Fire Detection

(1) Area fire detection systems should be provided for all areas that contain,

or present potential fire exposure to, safety-related equipment.

(2) Fire detection systems should, as a minimum, comply with the requirements of

Class A systems as defined in NFPA 72D, "Standard for the Installation, Maintenance and Use

of Proprietary Protective Signaling Systems," and Class I circuits as defined in NFPA 70,

"National Electrical Code."

(3) Fire detectors should, as a minimum, be selected and installed in accordance

with NFPA 72E, "Automatic Fire Detectors." Preoperational and periodic testing of pulsed

line-type heat detectors should demonstrate that the frequencies used will not affect the

actuation of protective relays.

(4) Fire detection systems should give audible and visual alarm and annunciation

in the control room. Where zoned detection systems are used in a given fire area, local

means should be provided to identify which detector zone has actuated. Local audible

alarms should sound in the fire area.

(5) Fire alarms should be distinctive and unique so they will not be confused

with any other plant system alarms.

(6) Primary and secondary power supplies should be provided for the fire detec-

tion system and for electrically operated control valves for automatic suppression systems.

Such primary and secondary power supplies should satisfy provisions of Section 2220 of

NFPA 72D. This can be accomplished by:

(a) Using normal offsite power as the primary supply with a four-hour

battery supply as secondary supply; and

(b) Having capability for manual connection to the Class lE emergency power

bus within four hours of loss of offsite power. Such connection should follow the appli-

cable guidelines in Regulatory Guides 1.6, 1.32 and 1.75.

Rev. 1 9.5.1-32



b. Fire Protection Water Supply Systems

(1) An underground yard fire main loop should be installed to furnish antici-

pated water requirements. NFPA 24, "Standard for Outside Pr:.ection," gives necessary

guidance for such installation. It references other design codes and standards developed

by such orgar.izations as the American National Standards Institute (ANSI) and the American

Water Works Association (AWWA). Type of pipe and water treatment should be design consider-

ations with tuberculation as one of the parameters. Means for inspecting and flushing the

systems should be provided. Approved visually indicating sectional control valves such as

post indicator valves should be provided to isolate portions of the main for maintenance or

repair without shutting off the supply to primary and backup fire suppression systems

serving areas th'dt contain or expose safety-related equipment.

The fire main system piping should be separate from service or sanitary

water system piping, except as described in Position C.5.c.(4).

(2) A common yard fire main loop may serve multiunit nuclear power plant sites

if cross-connected between units. Sectional control valves should permit maintaining

independence of the individual loop around each unit. For such installations, common water

supplies may also be utilized. For multiple-reactor sites with widely separated plants

(approaching 1 mile or more), separate yard fire main loops should be used.

(3) If pumps are required to meet system pressure or flow requirements, a suffi-

cient number of pumps should be provided to ensure that 100% capacity will be available

assuming failure of the largest pump or loss of offsite power (e.g., three 50% pumps or two

100% pumps). This can be accomplished, for example, by providing either:

(a) Electric motor-driven fire pump(s) and diesel-driven fire pump(s); or

(b) Two or more seismic Category I Class IE electric motor-driven fire

pumps connected to redundant Class 1E emergency power buses (see Regulatory Guides 1.6,

1.32 and 1.75).

Individual fire pump connections to the yard fire main loop should be sepa-

rated with sectionalfzt4n valves between connections. Each pump and its driver and controls

should be located in a room separated from the remaining fire pumps by a fire wall with a

minimum rating of three hours. The fuel for the diesel fire pump(s) should be separated so

that it does not provide a fire source exposing safety-related equipment. Alarms indi-

cating pump running, driver availability, failure to start, and low fire-main pressure

should be provided in the control room.

Details of the fire pump installation should, as a minimum, conform to

NFPA 20, "Standard for the Installation of Centrifugal Fire Pumps."
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(4) Two separate, reliable freshwater supplies should be provided. Saltwater-or

brackish water should not be used unless all freshwater supplies have been exhausted. If

tanks are used, two l00% (minimum of 300,000 gallons each) system capacity tanks should be

installed. They should be so interconnected that pumps can take suction from either or

both. However, a leak in one tank or its piping should be isolable so that it will not

cause both tanks to drain. Water supply capacity should be capable of refilling either

tank in eight hours or less.

Common tanks are permitted for fire and sanitary or service water storage.

When this is done, however, minimum fire water storage requirements should be dedicated by

passive means, for example, use of a vertical standpipe for other water services.

(5) The fire water supply should be calculated on the basis of the largest

expected flow rate for a period of two hours, but not less than 300.000 gallons. This flow

rate should be based (conservatively) on 750 gpm for manual hose streams plus the largest

design demand of any sprinkler or deluge system as determined in accordance with NFPA 13 or

NFPA 15. The fire water supply should be capable of delivering this design demand over the

longest route of the water supply system.

(6) Freshwater lakes or ponds of sufficient size may qualify as sole source of

water for fire protection but require at least two intakes to the pump supply. One hundred

percent capacity should be available following the loss of any one intake. When a common

water supply is permitted for fire protection and the ultimate heat sink, the following

conditions should also be satisfied:

(a) The additional fire protection water requirements are designed into the

total storage capacity, and

(b) Failure of the fire protection system should not degrade the function

of the ultimate heat sink.

(7) Outside manual hose installation should be sufficient to provide an effec-

tive hose stream to any onsite location where fixed or transient combustibles could jeopard-

ize safety-related equipment. To accomplish this, hydrants should be installed approximately

every 250 feet on the yard main system. A hose house equipped with hose and combination

nozzle and other auxilia-y equipment recommended in NFPA 24, "Outside Protection," should

be provided as needed, but at least every 1,000 feet. Alternatively, mobile means of

providing hose and associated equipment, such as hose carts or trucks, may be used. When

provided, such mobile equipment should be equivalent to the equipment supplied by three

hose houses.

Threads compatible with those used by local fire departments should be

provided on all hydrants, hose couplings, and standpipe risers.
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c. Water Sprinkler and Hose Standpipe Systems

(1) Sprinkler systems and manual hose station standpipes should have connections

to the plant underground water main so that no single active failure or crack in a moderate-

energy line can impair both the primary and backup fire suppression systems. Alternatively,

headers fed from each end are permitted inside buildings to supply both sprinkler and

standpipe systems, provided steel piping and fittings meeting the requirements of ANSI 631.1,

"Power Piping," are used for the headers up to and including the first valve supplying the

sprinkler systems where such headers are part of the seismically analyzed hose standpipe

system. When provided, such headers are considered an extension of the yard main system.

Hose standpipe and automatic water suppression systems serving a single fire area should

have independent connections to the yard main systems. Each sprinkler and standpipe system

should be equipped with OSMY (outside screw and yoke) gate valve or other approved shutoff

valve and waterflow alarm. Safety-related equipment that does not itself require sprinkler

water fire protection but is subject to unacceptable damage if wet by sprinkler water

discharge should be protected by water shields or baffles.

(2) Control and sectionalizing valves in'the fire water systems should be elec-

trically supervised or administratively controlled. The electrical supervision signal

should indicate in the control room. All valves in the fire protection system should be

periodically checked to verify position (see NFPA 26, "Supervision of Valves").

(3) Fixed water extinguishing systems should, as a minimum, conform to require-

ments of appropriate standards such as NFPA 13, "Standard for the Installation of Sprinkler

Systems," and NFPA 15, "Standard for Water Spray Fixed Systems."

(4) Interior manual hose installation should be able to reach any location that

contains, or could present a fire exposure hazard to, safety-related equipment with at

least one effective hose stream. To accomplish this, standpipes with hose connections

equipped with a maximum of 100 feet of 1-1/2-inch woven-jacket, lined fire hose and suitable

nozzles should be provided in all buildings on all floors. Individual standpipes should be

at least four inches in diameter for multiple hose connections and 2-1/2 inches in diameter

for single hose connections. These systems should follow the requirements of NFPA 14,

"Standpipe and Hose Systems," for sizing, spicing, and pipe support requirements.

Hose stations should be located as dictated by the fire hazard analysis to

facilitate access and use for firefighting operations. Alternative hose stations should be

provided for an area if the fire hazard could block access to a single hose station serving

that area.

Provisions should be made to supply water at least to standpipes and hose

connections for manual firefighting in areas containing equipment required for safe plant

shutdown in the event of a safe shutdown earthquake. The piping system serving such hose
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stations should be analyzed for SSE loading and should be provided with supports to ensure

system pressure integrity. The piping and valves for the portion of hose standpipe system

affected by this functional requirement should, as a minimum, satisfy ANSI B31.1, "Power

Piping." The water supply for this condition may be obtained by manual operator actuation

of valves in a connection to the hose standpipe header from a normal seismic Category I

water system such as the essential service water system. The cross connection.should be

(a) capable of providing flow to at least two hose stations (approximately 75 gpm per hose

station), and (b) designed to the same standards as the seismic Category I water system; it

should not degrade the performance of the seismic Category I water system.

(5) The proper type of hose nozzle to be supplied to each area should be based

on the fire hazard analysis. The usual combination spray/straight-stream nozzle should not

be used in areas where the straight stream can cause unacceptable mechanical damage. Fixed

fog nozzles should be provided at locations where high-voltage shock hazards exist. All

hose nozzles should have shutoff capability. (Guidance on safe distances for water applica-

tion to live electrical equipment may be found in the "NFPA Fire Protection Handbook.")

(6) Certain fires, such as those involving flammable liquids, respond well to

foam suppression. Consideration should be given to use of mechanical low-expansion foam

systems, high-expansion foam generators, or aqueous film-forming foam (AFFF) systems,

including the AFFF deluge system. These systems should comply with the requirements of

NFPA 11, NFPA llA and NFPA 110 as applicable.

d. Halon Suppression Systems

Halon fire extinguishing systems should, as a minimum, comply with the require-

ments of NFPA 12A and NFPA 128, "Halogenated Fire Extinguishing Agent Systems - Halon 1301

and Halon 1211." Only UL-listed or FM-approved agents should be used. Provisions for

locally disarming automatic Halon systems should be key locked and under strict administra-

tive control. Automatic Halon extinguishing systems should not be disarmed unless controls

as described in Position C.2.c. are provided.

In addition to the guidelines of NFPA 12A and 120, preventive maintenance and

testing of the systems, including check-weighing of the Halon cylinders, should be done at

least quarterly.

Particular consideration should also be given to:

(1) Minimum required Halon concentration, distribution, soak time, and ventila-

tion control;

(2) Toxicity of Halon;
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(3) Toxicity and corrosive characteristics of the thermal decomposition products

of Halon; and

(4) Location and selection of the activating detectors.

e. Carbon Dioxide Suppression Systems

Carbon dioxide extinguishing systems should, as a minimum, comply with the require-

ments of NFPA 12, "Carbon Dioxide Extinguishing Systems." Where automatic carbon dioxide

systems are used, they should be equipped with a predischarge alarm system and a discharge

delay to permit personnel egress. Provisions for locally disarming automatic carbon dioxide

systems should be key locked and under strict administrative control. Automatic carbon

dioxide extinguishing systems should not be disarmed unless controls as described in

Position C.2.c. are provided.

Particular consideration should also be given to:

(1) Minimum required CO2 concentration, distribution, soak time, and ventilation

control;

(2) Anoxia and toxicity of C02;

(3) Possibility of secondary thermal shock (cooling) damage;

(4) Conflicting requirements for venting during CO2 injection to prevent overpres-

surization versus sealing to prevent loss of agent; and

(5) Location and selection of the activating detectors.

f. Portable Extinguishers

Fire extinguishers should be provided in areas that contain, or could present a

fire exposure hazard to, safety-related equipment in accordance with guidelines of NFPA 10,

'Portable Fire Extinguishers, Installation, Maintenance and Use." Dry chemical extin-

guishers should be installed with due consideration given to possible adverse effects on

safety-related equipment installed in the area.

6. Guidelines for Specific Plant Areas

a. Primary and Secondary Containment

(1) Normal Operation - Fire protection requirements for the primary and secondary

containment areas should be provided for hazards identified by the fire hazard analysis.
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Examples of such hazards include lubricating oil or hydraulic fluid system for the primary

coolant pumps, cable tray arrangements and cable penetrations, and charcoal filters.

Because of the general inaccessibility of primary containment during normal plant opera-

tion, protection should be provided by automatic fixed systems. The effects of postulated

fires within the primary containment should be evaluated to ensure that the integrity of

the primary coolant system and the containment is not jeopardized assuming no action is

taken to fight the fire.

Operation of the fire protection systems should not compromise the integrity

of the containment or other safety-related systems. Fire protection activities in the

containment areas bhould function in conjunction with total containment requirements such

as ventilation and control of contaminated liquid and gaseous release.

In primary containment, fire detection systems should be provided for each

fire hazard. The type of detection used and the location of the detectors should be the

most suitable for the particular type of fire hazard identified by the fire hazard analysis..

A general area fire detection capability should be provided in the primary

containment as backup for the above-described hazard detection. To accomplish this, suit-

able smoke or heat detectors compatible with the radiation environment should be installed.

For secondary containment areas, cable fire hazards that could affect safety

should be protected as described in Position C.4.c(2). The type of detection system for AWIL

other fire hazards identified by the fire hazard analysis should be the most suitable for

the particular type of fire hazard.

(2) Refueling and Maintenance - Refueling and maintenance operations in contain-

ment may introduce additional hazards such as contamination control materials, decontamina-

tion supplies, wood planking, temporary wiring, welding, and flame cutting (with portable

compressed-gas fuel supply). Possible fires would not necessarily be in the vicinity of

fixed detection and suppression systems. Management procedures and controls necessary to

ensure adequate fire protection for transient fire loads are discussed in Position C.1.

Manual firefighting capability should be permanently installed in containment..

Standpipes with hose stations and portable fire extinguishers should be installed at stra-

tegic locations throughout containment for any required manual firefighting operations.

The containment penetrations of the standpipe system should meet the isolation requirements

of General Design Criterion 56 and should be seismic Category I and Quality Group B.

Adequate self-contained breathing apparatus should be provided near the

containment entrances for firewghting and damage control personnel. These units should be

independent of any breathing apparatus or air supply systems provided for general plant

activities and should be clearly marked as emergency equipment.
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b. Control Room Complex

The control room complex (including galleys, office spaces, etc.) should be

protected against disabling fire damage and should be separated from other areas of the

plant by floors, walls, and roof having minimum fire resistance ratings of three hours.

Peripheral rooms in the control room complex should have automatic fire suppression and

should be separated from the control room by noncombustible construction with a fire resist-

ance rating of one hour. Ventilation system openings between the control room and peripheral

rooms should have automatic smoke dampers that close on operation of the fire detection or

suppression system. If a carbon dioxide flooding system is used for fire suppression.

these dampers should be strong enough to support the pressure rise accompanying carbon

dioxide discharge and seal tightly against infiltration of carbon dioxide into the control

room.

Manual firefighting capability should be provided for:

(1) Fire originating within a cabinet, console, or connecting cables; and

(2) Exposure fires involving combustibles in the general room area.

Portable Class A and Class C fire extinguishers should be located in the control

room. A hose station should be installed immedi1tely outside the control room.

Nozzles that are compatible with the hazards and equipment in the control room

should be provided for the manual hose station. The nozzles chosen should satisfy actual

firefighting needs, satisfy electrical safety, and minimize physical damage to electrical

equipment from hose stream impingement.

Smoke detectors should be provided in the control room, cabinets, and consoles.

If redundant safe-shutdown equipment is located in the same control room cabinet or console,

additional fire protection measures should Le provided. Alarm and local indication should

be provided in the control room.

Breathing apparatus for control room operators should be readily available.

The outside air intake(s) for the control room ventilation system should be

provided with smoke detection capability to alarm in the control room to enable manual

isolation of the control room ventilation system and thus prevent smoke from entering the

control room.

Venting of smoke produced by fire in the control room by means of the normal

ventilation system is acceptable; however, provision should be made to permit isolation of

the recirculating portion of the normal ventilation system. Manually operated venting of

the coaitrol room should be available to the operators.
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All cables that enter the control room should terminate in the control room.

That is, no cabling should be simply routed through the control room from one area to

another. Cables in the control room should be kept to the minimum necessary for plant

operation.

Cables in underfloor and ceiling spaces should meet the separation criteria given

in Regulatory Guide 1.75. Air-handling functions should be ducted separaely from cable

runs in such spaces; i.e., if cables are routed in underfloor or ceilin~rpaces, these

spaces should not be used as air plenums for ventilation of the control room. Fully enclosed

electrical raceways in such undertloor and ceiling spaces, if over one square foot in

cross-sectional area, should have automatic fire suppression inside. Area automatic fire

suppression should be provided for underfloor and ceiling spaces if used for cable runs

unless all cable is run in 4-inch or smaller steel conduit or the cables are in fully

enclosed raceways internally protected by automatic fire suppression.

c. Cable Spreading Room

The primary fire suppression in the cable spreading room should be an automatic

water system such as closed-head sprinklers, open-head deluge system, or open directional

water spray system. Deluge and open spray systems should have provisions for manual opera-

tion at a remote station; however, there should be provisions to preclude inadvertent

operation. Location of sprinkler heads or spray nozzles should consider cable troy arrange-

ments and possible transient combustibles to ensure adequate water coverage for areas that

could present exposure hazards to the cable system. Cables should be designed to allow

wetting down with water supplied by the fire suppression system without electrical faulting.

Open-head deluge and open directional spray systems should be zoned.

The use of foam is acceptable.

Automatic gas systems (Halon or C02) may be used for primary fire suppression if

they are backed up by a fixed water spray system.

Cable spreading rooms should have:

(1) At least two remote and separate entrances for access by fire brigade

personnel;

(2) An aisle separation between tray stacks at least three feet wide and eight

feet high;

(3) Hose stations and portable extinguishers installed immediately outside the

room;
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(4) Area smoke detection; and

(5) Continuous line-type heat detectors for cable trays inside the cable spread-

ing room.

Drains to remove firefighting water should be provided. When gas systems are

installed, drains should have adequate seals or the gas extinguishing systems should be

sized to compensate for losses through the drains.

A separate cable spreading room shduld be provided for each redundant division.

Cable spreading rooms should not be snared between reactors. Each cable spreading room

should be separated from the others and from other areas of the plant by barriers with a

minimum fire rating of three hours.

The ventilation system to each cable spreading room should be designed to isolate

the area ul.on actuation of any gas extinguishing system in the area. Separate manually

actuated smoke venting that is operable from outside the room should be provided for the

cable spreading room.

d. .-lan. Computer Rooms

Computer rooms for computers performing safety-related functions that are not

part of the control room complex should be separated from other areas of the plant by

barriers having a minimum fire resistance rating of, three hours and should be protected by

automatic detection and fixed automatic suppression. Computers that are part of the control

room complex but not in the control room should be separated and protected as described in

Position C.6.b. Computer cabinets located in the control room should be protected as other

control room equipment and cable runs therein. Nonsafety-related computers outside the

control room complex should be separated from safety-related areas by fire barriers with a

minimum rating of three hours and should be protected as needed to prevent fire and smoke

damage to safety-related equipment. Manual hose stations and portable fire extinguishers

should be provided in areas that contain, or could present a fire exposure hazard to,

safety-related equipment.

e. 1witchgear Rooms

Switchgear rooms containing safety-related equipment should be separated from the

remainder of the plant by barriers with a minimum fire rating of three hours. Redundant

switchgear safety divisions should be separated from each other by barriers with a three-hour

fire rating. Automatic fire detectors should alarm and annunciate in the control room and

alarm locally. Cables entering the switchgear room that do not terminate or perform a

function there should be kept at a minimum to minimize the combustible loading. These

rooms should not be used for any other purpose. Fire hose stations and portable fire

extinguishers should be readily available outside the area.
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Equipment should be located to facilitate access for manual firefighting. Drains

should be provided to prevent water accumulation from damaging tifety-related equipment

(see NFPA 92M, Waterproofing and Draining of Floors"). Remote manually actuated ventila-

tion should be provided for venting smoke when manual fire suppression effort is needed

(see Position C.4.d).

f. Remote Safety-Related Panels

Redundant safety-related panels remote from the control room complex should be

separated from each other by barriers having a minimum fire rating of three hours. Panels

providing remote shutdown capability should be separated from the control room complex by

barriers having a minimum fire rating of three hours. The general area housing remote

safety-related panels should be provided with automatic fire detectors that alarm locally

and alarm and annunciate in the control room. Combustible materials should be controlled

and limited to those required for operation. Portable extinguishers and manual hose sta-

tions should be readily available in the general area.

g. Safety-Related Battery Rooms

Safety-related battery rooms should be protected against fires and explosions'

Battery rooms should be separated from each other and other areas of the plant by barriers

having a minimum fire rating of three hours inclusive of all penetrations and openings. DC

switchgear and inverters should not be located in these battery rooms. Automatic fire

detection should be provided to alarm and annunciate in the control room and alarm locally.

Ventilation systems in the battery rooms should be capable of maintaining the hydrogen

concentration well .jelow 2 vol-X. Loss of ventilation should be alarmed in the control

room. Standpipe and hose and portable extinguishers should be readily available outside

the room.

h. Turbine Building

The turbine building should be separated from adjacent structures containing

safety-related equipment by a fire barrier with a minimum rating of three hours. Openings

and penetrations in the fire barrier should be minimized and should not be located where

the turbine oil system or generator hydrogen cooling system creates a direct fire exposure
hazard to the barrier. Considering the severity of the fire hazards, defense in depth may

dictate additional protection to ensure barrier integrity.

i. Diesel Generator Areas

Diesel generators should be separated from each other and from other areas of the

plant by fire barriers having a minimum fire resistance rating of three hours.
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Automatic fire suppression should be installed to combat any diesel generator or

lubricating oil fires; such systems should be designed for operation when the diesel is,l running without affecting the diesel. Automatic fire detection should be provided to alarm

and annunciate in the control room and alarm locally. Hose stations and portable extin-

guishers should be readily available outside the area. Drainage for firefighting water and

means for local manual venting of smoke should be provided.

Day tanks with total capacity up to 1100 gallons are permitted in the diesel

generator area under the following conditions:

(1) The day tank is located in a separate enclosure with a minimum fire resist-

ance rating of three hours, including doors or penetrations. These enclosures should be

capable of containing the entire contents of the day tanks and should be protected by an

automatic fire suppression system, or

(2) The day tank is located inside the diesel generator room in a diked enclosure

that has sufficient capacity to hold ll0 of the coptents of the day tank or is drained to

a safe location.

J. Diesel Fuel Oil Storage Areas

Diesel fuel oil tanks with a capacity greater than 1,100 gallons should not be

located inside buildings containing safety-related equipment. If above-ground tanks are

used, they should be located at least 50 feet from any building containing safety-related

equipment or, if located within 50 feet, they should be housed in a separate building with

construction having a minimum fire resistance rating of three hours. Potential oil spills

should be confined or directed away from buildings containing safety-related equipment.

Totally buried tanks are accir' -le outside or under buildings (see NFPA 30, 'Flammable and

Combustible Liquids Code," for . Jitional guidance).

Above-ground tanks should be protected by an automatic fire suppression system.

k. Safety-Related Pumps

Pump houses and rooms housing redundant safety-related pump trains should be

separated from each other and from other areas of the plant by fire barriers having at

least three-hour ratings. These rooms should be protected by automatic fire detection and

suppression unless a fire hazard analysis can demonstrate that a fire will not endanger

other safety-related equipment required for safe plant shutdown. Fire detection should

alarm and annunciate in the control room and alarm locally. Hose stations and portable

extinguishers should be readily accessible.
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Floor drains should be provided to prevent water accumulation from damaging

safety-related equipment (see Position C.4.a.(9)).

Provisions should be made for manual control of the ventilation system to facili-

tate smoke removal if required for manual firefighting operation (see Position C.4.d).

1. New Fuel Area

Hand portable extinguishers should be located within this area. Also, hose

stations should be located outside but within hose reach of this area. Automatic fire

detection should alarm and annunciate in the control room and alarm locally. Combustibles

should be limited to a minimum in the new fuel area. The storage area should be provided

with a drainage system to preclude accumulation of water.

The storage configuration of new fuel should always be so maintained as tn pre-

clude criticality for any water density that might occur during fire water application.

m. Spent Fuel Pool Area

Protection for the spent fuel pool area should be provided by local hose stations

and portable extinguishers. Automatic fire detection should be provided to alarm and

annunciate in the control room and to alarm locally.

n. Radwaste and Decontamination Areas

Fire barriers, automatic fire suppression and detection, and ventilation controls

should be provided unless the fire hazard analysis can demonstrate that such protection is

not necessary.

o. Safety-Related Water Tanks

Storage tanks that supply water for safe shutdown should be protected from the

effects of an exposure fire. Combustible materials should not be stored next to outdoor

tanks.

p. Records Storage Areas

Records storage areas should be so located and protected that a fire in these

areas does not expose safety-related systems or equipment (see Regulatory Guide 1.88,

"Collection, Storage and Maintenance of Nuclear Power Quality Assurance Records")

a5
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q. Cooling Towers

Cooling towers should be of noncombustible construction or so located and pro-

tected that a fire will not adversely affect any safety-related systems or equipment.

Cooling towers should be of noncombustible construction when the basins are used for the

ultimate heat sink or for the fire protection water supply.

r. Miscellaneous Areas

Miscellaneous areas such as shops, warehouses, auxiliary boiler rooms, fuel oil

tanks, and flammable and combustible liquid storage tanks should be so located and protected

that a fire or effects of a fire, including smoke, will not adversely affect any safety-

related systems or equipment.

7. Special Protection Guidelines

a. Storane Acetylene-Oxygen Fuel Gases

Gas cylinder storage locations should not be in areas that contain or expose

safety-related equipment or the fire protection systems that serve those safety-related

areas. A permit system should be required to use this equipment in safety-related areas of

the plant (also see Position C.2).

b. Storage Areas for Ion-Exchange Resins

Unused ion exchange resins should not be stored in areas that contain or expose

safety-related equipment.

c. Hazardous Chemicals

Hazardous chemicals should not be stored in areas that contain or expose safety-

related equipment.

d. Materials Containing Radioactivity

Materials that collect and contain radioactivity such as spent ion exchange

resins, charcoal filters, and HEPA filters should be stored in closed metal tanks or con-

tainers that are located in areas free from ignition sources or combustibles. These mate-

rials should be protected from exposure to fires in adjacent areas as well. Consideration

should be given to requirements for removal of decay heat from entrained radioactive

materials.
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D. IMPLEMENTATION

1. Plants for which construction permit applications were docketed after March 1, 1978

should follow the guidelines of this position.

2. Plants for which CP applications were docketed after July 1, 1976 but before March 1,

1978 should follow the guidelines of either (a) BTP APCSB 9.5-1 dated May 1, 1976, or (b)

this position.

3. Plants for which (a) CP applications were docketed prior to, but were not issued a CP,

by July 1, 1976; or (b) construction permits or operating licenses were issued prior to

July 1, 1976, should follow the guidelines of either (a) Appendix A (dated August 23, 1976)

to BTP APCSB 9.5-1; or (b) BTP APCSB 9.S-1 dated May 1, 1976; or (c) this position.
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APPENDIX A* TO BRANCH TECHNICAL POSITION APCSB 9.5-1
"GUIDELINES FOR FIRE PROTECTION FOR NUCLEAR POWER PLANTS

DOCKETED PRIOR TO JULY 1, 3976" (AUGUST 23, 1976)

This Appendix A provides guidance on the preferred and, where applicable,
acceptable alternatives to fire protection design for those nuclear power
plants for which applications for construction permits were docketed prior
to July 1, 1976.

The provisions of this appendix will apply to the following categories
of nuclear power plants:

(1) Plants for which application for construction
permits were docketed prior to July 1, 1976,
but have not received a construction pe.mit;

(2) Plants for which construction permits wei,
issued prior to July 1, 1976, and operating
plants.

This appendix modifies, as deemed appropriate, the guidelines in Branch
Technical Position (BTP) APCSB 9.S-1, "Fire Protection for Nuclear Power
Plants" which are intended for plants whose application for construction
permit is docketed after July 1, 1976. The guidelines of the above cited
BTP were adopted for this appendix and are preferred in all instances.
Alternative acceptable fire protection guidelines are identified in this
appendix for areas where, depending on the construction or operation status
of a given plant, application of the guidelines per se could have signi-
ficant impact, e.g., where the building and system designs are already
finalized and construction is in progress, or where the plant is in operation.
These alternative Guidelines are intended to provide adequate and accep-
table fire protection consistent with safe plant shutdown requirements
without a significant impact on plant design, construction, and operation.

Particular sections Lht are intended to apply only to plants under review,
under construction or operating are identified under the appropriate
column.

Although this appendix provides specific guidance, alternatives may be
proposed by applicants and licensees. These alternatives will be evaluated
by the NRC staff on a case-by-case basis where such departures are suitabl y
justified. Among the alternatives that should be considered is the
provision of a "dedicated" system for assuring continued safe shutdown of
the plant. This dedicated system should be completely independent of other
plant systems, including the power source; however, for fire protection, it
is not necessary for the system to be designed to seismic Category I criteria
or meet single failure criteria. Manual fire fighting capability to protect
the other safety related systems would still be required.

*This document includes the changes listed in the Errata Sheet dated
November 18, 1976, as indicated by a vertical line in the margin.

9.5.1-55 2/24/77
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Positions Positions

A. Overall Requirements of Nuclear Plant A. Overall Requirements of Nuclear
Fire Protection Program Plant Fire Protection Program

1. Personnel 1. Personnel

Responsiblity for the overall fire SAME
protection program should be assigned
to a designated person in the upper
level of management. This person
should retain ultimate responsibility
even though formulation and assurance
of program implementation is delegated.
Such delegation of authority should
be to staff personnel prepared by
training and experience in fire pro-
tection and nuclear plant safety to
provide a balanced approach in dir-
ecting the fire protection programs
for nuclear power plants. The quali-
fication requirements for the fire
protection engineer ur consultant who
will assist in the design and selection
of equipment, inspect and test the
completed physical aspects of the sys-
tem, develop the fire protection pro-
gram, and assist in the fire-fighting
training f%.r the operating plant should
be stated. Subsequently, the FSAR
should discuss the training and the
updating provisions such as fire
drills provided for maintaining the
competence of the station fire-
fighting and operating crew, including
personnel responsible for maintaining
and inspecting the fire protection
equipment.

The fire protection staff should be
responsible for:

(a) coordination of building layout
and systems design with fire area

2/24/77 9.5.1-66
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requirements, including con-
sideration of potential hazards
associated with postulated
design basis fires,

(b) design and maintenance of fire
detection, suppression, and
extinguishing systems,

(c) fire prevention activities,

(d) training and manual fire-
fighting activities of plant
personnel and the fire brigade.

(NOTE: NFPA 6 - Recommendations for
Organization of Industrial
Fire Loss Prevention, contains
useful guidance for organ-
ization and operation of the
entire fire loss prevention
program.)

2. Design Bases

The overall fire protection program
should be based upon evaluation of
potential fire hazards throughout the
plant and the effect of postulated
design basis fires relative to main-
taining ability to perform safety
shutdown functions and minimize radio-
active releases to the environment.

3. Backup

Total reliance should not be placed
on a single automatic fire suppression
system. Appropriate backup fire
suppression capability should be
provided.

4. Single Failure Criterion

2. Design Bases

SAME

3. Backup

SAME

4. Single Failure Criterion

A single failure in the fire suppression
system should not impair both the
primary and backup fire suppression
capability. For example, redundant
fire water pumps with independent
power supplies and controls should
be provided. Postulated fires or

9.5.1-67

A single failure in the fire
suppression system should not
impair both the primary and
backup fire suppression cap-
ability. For example, redun-
dant fire water pumps with In-
dependent power supplies and
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fire protection system failures need
not be considered concurrent with
other plant accidento or the most
severe natural phenomena. However,
in the event of the most severe earth-
quake, i.e., the Safe Shutdown
Earthquake (SSE), the fire suppression
system should be capable of delivering
water to manual hose stations located
within hose reach of areas containing
equipment required for safe plant
shutdown. The fire protection
systems shoula, however, retain their
original design capability for (1) nat-
ural phenomena of less severity and
greater frequency (approximately once
in 10 years) such as tornadoes, hurri-
canes, floods, ice storms, or small
intensity earthquakes which are
characteristic of the site geographic
region and (2) for potential man-
created site related events such as oil
barge collisions, aircraft crashes
which have a reasonable probability
of occurring at a specific plant
site. The effects of lightning
strikes should be included in the
overall plant fire protection program.

5. Fire Suppression Systems

Failure or inadvertent operation of
the fire suppression system should
not incapacitate safety related systems
or components. Fire suppression
systems that are pressurized during
normal plant operation should meet the
guidelines specified in APCSB Branch
Technical Position 3-1, "Protection
Against Postulated Piping Failures in
Fluid Systems Outside Containment."

6. Fuel Storage Areas

The fire protection program (plans,
personnel and equipment) for buildings
storing new reactor fuel and for adja-
cent fire zones which could affect
the fuel storage zone should be fully
operational before fuel is received
at the site.

controls should be provided.
Postulated fires or fire pro-
tection system failures need not
be considered concurrent with
other plant accidents or the
most severe natural phenomena.

The effects of lightning strikes
should be included in the overall
plant fire protection program.

5 . Fire Suppression Systems

SAME

6. Fuel Storage Areas

Schedule for implementation of
modifications, if any, will be
established on a case-by-case
basis.

2/24/77 9.5.1-68
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7. Fuel Loading .

The fire protection program for an
entire reactor unit should be fully
operational prior to initial fuel
loading in that reactor unit.

8. Multiple-Reactor Sites

7. Fuel Loading

Schedule for implementation of
modifications, if any, will be
established on a case-by-case
basis.

8. Multiple-Reactor Sites

On multiple-reactor sites where
there are operating reactors and
construction of remaining units is
being completed, the fire protection
program should provide continuing
evaluation and include additional
fire barriers, fire protection
capability, and administrative
controls necessary to protect the
operating units from construction
fire hazards. The superintendent
of the operating plant should have
the lead responsibility for site
fire protection.

SAoM

9. Simultaneous Fires

SAME

9. Simultaneous Fires

Simultaneous fires in more than one
reactor need not be postulated, where
separation requirements are met. A
fire involving more than one reactor
unit need not be postulated except for
facilities shared between units.

B. Administrative Procedures, Controls and
Fire Brigade

B. Administrative Procedures,
Controls, and Fire Brigade

II. Administrative procedures consistent
with the need for maintaining the per-
formance of the fire protection
system and personnel in nuclear
power plants should be provided.

II. SAME

Guidance is contained
publications:

in the following

NFPA 4 - Organization for Fire
Services

9.5.1-69 2/24/77
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NFPA 4A - Organization for Fire
Department

NFPA 6 - Industrial Fire Loss
Prevention

NFPA 7 - Managemen. of Fire
Emergencies

NFPA 8 - Management Responsibility
for Effects of Fire on
Operations

NFPA 27 - Private Fire Brigades

2. Effective administrative measures 2. SAME
should be implemented to prohibit
bulk storage of combustible materials
inside or adjacent to safety related
buildings or systems during operation
or maintenance periods. Regulatory
Guide 1.39, "Housekeeping Require-
ments for Water-Cooled Nuclear Power
Plants", provides guidance on house-
keeping, including the disposal 6
of combustible materials.

3. Normal and abnormal conditions or other 3. SAME
anticipated operations such as modi-
fications (e.g., breaking fire stops,
impairment of fire detection and
suppression systems) and refueling
activities should be reviewed by
appropriate levels of management
and appropriate special actions and
procedures such as fire watches or
temporary fire barriers implemented
Lo assure adequate fire protection
and reactor safety. In particular:

(a) Work involving igaition sources
such as welding and flame cutting
should be done under closely
controlled conditions. Procedures
governing such work should be re-
viewed and approved by persons

0.
2/24/77 9.5.l1-?0
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trained and experienced in fire I
protection. Persons performing
and directly assisting in such
work should be trained and
equipped to prevent and combat
fires. If this is not possible,
a person qualified in fire pro-
tection should directly monitor
the work and function as a fire
watch.

(b) Leak testing, and similar pro-
cedures such as air flow deter-
mination, should use one of the
commercially available aeresol
techniques. Open flames or
combustion generated smoke should
not be permitted.

(c) Use of combustible material, e.g.,
HEPA and charcoal filters, dry
ion exchange resins or other
combustible supplies, in safety
related areas should be con-
trolled. Use of wood inside
buildings containing safety.
related systems or equipment
should be permitted only when
suitable non-combustible sub-
stitutes are not available. If
wood must be used, only fire
retardant treated wood (scaffolding
lay down blocks) should be per-
mitted. Such materials should
be allowed into safety related
areas only when they are to be
used immediately. Their possible
and probable use should be con-
sidered in the fire hazard analysis
to determine the adequacy of the
installed fire protection systems.

4. Nuclear power plants are frequently
located in remote areas, at some
distance from public fire departments.
Also, first response fire departments
are often volunteer. Public fire
department response should be con-

9.5.1-71 2/24/77
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sidered in the overall fire pro-
tection program. However, the plant
should be designed to be self-suffi-
cient with respect to fire fighting
activities and rely on the public
response only for supplemental
or backup capability.

5. The need for good organization,
training and equipping of fire
brigades at nuclear power plant sites
requires effective measures be imple-
mented to assure proper discharge of
these functions. The guidance in
Regulatory Guide 1.101, "Emergency
Planning for Nuclear Power Plants",
should be followed as applicable.

(a) Successful fire fighting requires
testing and maintenance of the
fire protection equipment,
emergency lighting and communi-
cation, as well as practice as
brigades for the people who
must utilize the equipment. A
test plan that lists the indi-
viduals and their responsibilities
in connection with routine
tests and inspections of the fire
detection and protection systems
should be developed. The test
plan should contain the types,
frequency and detailed procedures
for testing. Procedures should
also contain instructions on
maintaining fire protection
during those periods when the fire
protection system is impaired or
during periods of plant mainten-
ance, e.g., fire watches or tem-
porary hose connections to water
systems.

5. SAME

(a) SAME

2/24/77 9.5.1-72
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(b) Basic training is a necessary
element in effective fire fighting
operation; In order for a fire
brigade to operate effectively,
it must operate as a team.
All members must know what
their individual duties are.
They must be familiar with the
layout of the plant and equipment
location and operation in order to
permit effective fire-fighting
operations during times when
a particular area is filled with
smoke or is insufficiently
lighted. Such training can only
be accomplished by conducting
drills several times a year (at
least quarterly) so that all
members of the fire brigade have
had the opportunity to train as
a team, testing itself in the
major areas of the plant. The
drills should include the simulated
use of equipment in each area
and should be preplanned and post-
critiqued to establish the training
objective of the drills and
determine how well these objectives
have been met. These drills
should periodically (at least
annually) include local fire
department participation where
possible. Such drills also
permit supervising personnel
to evaluate the effectiveness
of communications within the fire
brigade and with the on scene
fire team leader, the reactor
operator in the control room,
and the offsite command post.

|(c) To have proper coverage during
all phases of operation, members of
each shift crew should be trained
in fire protection. Training of
the plant fire brigade should
be coordinated with the

9.5.1-73
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local fire department so that re-
sponsibilities and duties are de-
lineated in advance. This coor-
dination should be part of the
training course ani implemented
into the training of the local fire
department staff. Local fire de-
partments sht *ld be educated in
the operational precautions when
fighting fires on nuclear power
plant sites. Local fire depart-
ments should be made aware of the
need for radioactive protection of
personnel and the special hazards
associated with a nuclear power
plant site.

|td) NFPA 27, "Private Fire Brigade" |(d) SAME
should be followed in organization,
training, and fire drills. This
standard also is applicable for
the inspection and maintenance of
fire fighting equipment. Among the
standards referenced in this docu-
ment, the following should be
utilized: NFPA 194, "Standard
for Screw Threads and Gaskets for
Fire Hose Couplings," NFPA 196,
"Standard for Fire Hose," NFPA 197,
"Training Standard on Initial Fire
Attacks," NFPA 601, "Recommended
Manual of Instructions and Duties
for the Plant Watchman on Guard."
NFPA booklets and pamphlets listed
on page 27-11 of Volume 8, 1971-72
are also applicable for good train-
ing references. In addition,
courses in fire prevention and
fire suppression which are
recognized and/or sponsored by the
fire protection industry should be
utilized.

2/24/77 9.5.1-74



10

APPLICATION DOCKETED BUT CONSTRUCTION

PERMIT NOT RECEIVED AS OF 7/1/76 -

-PLAN

OPER

US UNDER CONSTRUCTION AND;

ATING PLANTS

Quality Assurance Program

SAME

I-

C. Quality Assurance Program C.

Quality assurance (QA) programs of appli-
cants and contractors should be developed
and implemented to assure that the
requirements for design, procurement, in-
stallation, and testing and administrative
controls for the fire protection program
for safety related areas as defined
in this Branch Position are satisfied.
The program should be under the management
control of the QA organization. The
QA program criteria that apply to the fire
protection program should include the
following:

1. Design Control and Procurement
Document Control

Measures should be established to as3ure
that all design-related guidelines of
the Branch Technical Position are in-
cluded in design and procurement
documents and that deviations therefrom
are controlled.

2. Instructions, Procedures and Drawings

Inspections, tests, administrative
controls, fire drills and training
that govern the fire protection
program should be prescribed by doc-
umented instructions, procedures or
drawings and should be accomplished
in accordance with these documents.

3. Control of Purchased Material, Equipment
and Services

Measures should be established to
assre that purchased material, equip-
ment and services conform to the
procurement documents.

9.5.1-75 2/24/77
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4. Inspection

A program for independent inspection
of activities affecting fire protec-
tion should be established and executed
by, or for, the organization per-
forming the activity to verify con-
formance with documented installation
drawings and test procedures for
accomplishing the activities.

5. Test and Test Control

A test program should be established
and implemented to assure that testing
is performed and verified by in-
spection and audit to demonstrate con-
formance with design and system readi-
ness requirements. The tests should
be performed in accordance with
written test procedures; test results
should be properly evaluated and acted
on.

6. Inspection, Test and Operating Status

Measures should be established to pro-
vide for the identification of items
that have satisfactorily passed
required tests and inspections.

7. Non-Conforming Items

Measures should be established to
control items that do not conform to
specified requirements to prevent
inadvertent use of installation.

8. Corrective Action

Measures should be established to assure
that conditions adverse to fire protec-
tion, such as failures, malfunctions,
deficiencies, deviations, defective
components, uncontrolled combustible
material and non-conformances are
promptly identified, reported and
corrected.

2/24/77 9.5.1-76
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9. Records

Records should be prepared and maintaine
to furnish evidence that the criteria
enumerated above are being met for
activities affecting the fire pro-
tection program.

10. Audits

Audits should be conducted and doc-
umented to verify compliance with
the fire protection program in-
cluding design and procurement
documents; instructions; procedures
and drawings; and inspection and test
activities.

D. General Guidelines for Plant Protection

1. Building Design

(a) Plant Layouts should be arranged
to:

(1) Isolate safety related
systems from unacceptable
fire hazards, and

(2) Seperate redundant safety
related systems from each
other so that both are not
subject to damage from a
single fire hazard.

9.5.1-X77
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OPERATING PLANTS

D. General Guidelines for Plant
Protection

1. Building Design

::: Re, safety

related systems that
are subject to damage ~
from a single fire
hazard should be
protected by a com-
bination of fireI
retardant coatings
and fire detection
and suppress5.on
systems, or (b) a

separate system to
perform the safety
function should be
provided.

2/24/77
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(b) In order to accomplish l.(a)
above, safety related systems and
fire hazards should be identi-
fied throughout the plant. There-
fore, a detailed fire hazard analy-
sis should be made. The fire
hazards analysis should be reviewed
and updated as necessary.

(c) For multiple reactor sites, cable
spreading rooms should not be
shared between reactors. Each
cable spreading room should be
separated from other areas of
the plant by barriers (walls
and floors) having a minimum
fire tesistanee of three hours.
Cabling for redundant safety divi-
sions should be separated by
walls having three hour fire
barriers.

(d) InLerior wall and structural com-
ponents, thermal insulation mat-
erials and radiation shielding
materials and sound-proofing
should be non-combustible. In-
terior finishes should be non-
combustible or listed by a
nationally recognized testing
laboratory, such as Factory
Mutual or Underwriters' Lab-
oratory, Inc. for flame spread,
smoke and fuel contribution of
25 or less in its use configura-
tion (ASTM E-84 Test), "Surface
Burning Characteristics of
Building Materials").

(e) Metal deck roof construction
should be non-combustible
(see the building materials
directory of the Underwriters
Laboratory, Inc.) or listed as
Class I by Factor Mutual System
Approval Guide.

2/24/77 9.5.1-78

(b) SAME - Additional
fire hazards analysis
should be done after
any plant modification.

(c) Alternative guidance
for constructed plants
is shown in Section E.3,
"Cable Spreading Room."

(d) SAME

0

(e) SAME. Where combustible
material is used in metal
deck roofing design,
acceptable alternatives
are (i) replace bom-
bustibles with non-
combustible materials,
(ii) provide an auto-
matic sprinkler system,
or (iii) provide ability
to cover roof exterior
and interior with adequate*
water volume and
pressure.

I
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(f) Suspended ceilings and their
suppr :.s should be of non-
combustible construction.
Concealed spaces should be devoid
of combustibles.

(g) High voltage - high amperage
transformers installed inside
buildings containing safety
related systems should be of the
dry type or insulated and cooled
with non-combustible liquid.

(h) Buildings containing safety
related systems should be pro-
tected from exposure or spill
fires involving oil filled
transformers by:

locating such transformers at least
50 feet distant; or

*ensuring that such building walls
within 50 feet of oil filled
transformers are without openings
and have a fire resistance rating
of at least three hours.

(f) SAME. Adequate fire
detection and suppression
systems should be pro-
vided where full imple-
mentation is not
practicable.

(g) SAME. Safety related
systems that are exposed
to flammunble oil filled
transformers should be
protected from the
effects of a fire by:

(i) replacing with
dry transformers
or transformers
that are insulated
and cooled with
non-combustible
liquid; or

(ii) enclosing the
transformer with a
three-hour fire
barrier and in-
stalling automatic
water spray
protection.

(h) Buildings containing
safety related systems,
having openings in ex-
terior walls closer than
50 feet to flammable
oil filled transformers
should be ?rotected from
the effects of a fire by:

(i) closing of the
opening to have
fire resistance
equal to three
hours,

(ii) constructing a
three-hour fire
barrier between
the transformers
and the wall
openings; or

59.5.1-79 2/24/77
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(iii) closing the
opening and pro-
viding the cap-
ability to main-
tain a water cur-
tain in case of a
fire.

(i) Floor drains, sized to remove
expected fire fighting water
flow should be provided in those
areas where fixed water fire supp-
ression systems are installed.
Drains should also be provided in
other areas where hand hose lines
may be used if such fire fighting
water could cause unacceptable
damage to equipment in the area.
Equipment should be installed on
pedestals, or curbs should be
provided as required to contain
water and direct it to floor
drains. (See NFVA 92M, "Water-
proofing and Draining of Floors.")
Drains in areas containing com-
bustible liquids should have pro-
visions for preventing the spread
of the fire throughout the drain
system. Waxer drainage from areas
which may contain radioactivity
should be sampled and analyzed
before discharge to the environ-
ment.

(j) Floors, walls and ceilings enclosing
separate fire areas should have
minimum fire rating of-three hours.
Penetrations in these fire barr-
iers, including conduits and
piping, should be sealed or closed
to provide a fire resistance
rating at least equal to that of
the fire barrier itself. Door
openings should be protected with
equivalent rated doors, frames and
hardware that have been tested
and approved by a nationally
recognized laboratory. Such doors

(i) SAME. In operating
plants or plants under
construction, if
accumulation of water
from the operation
of new fire suppression
systems does not create
unacceptable consequences,
drains need not be in-
stalled.

(1) SAME. The fire hazard
in each area should be
evaluated to determine
barrier requirements.
If barrier fire resis-
tance cannot be made
adequate, fire detection
and suppression should be
provided, such as:

(i) water curtain
in case of fire,

(ii) flame retardant
coatings,

(iii) additional fire
barriers.

2/24/77 9.5.1-80
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should be normally closed and locke
or alarmed with alarm and annun-
ciation in the control room.
Penetrations for ventilation
system should be protected by a
standard "fire door damper"
where required. (Refer to
NFPA 80, "Fire Doors and Windows.")

2. Control of Combustibles 2. Control of Combustible

(a) Safety related systems should be
isolated or separated from com-
bustible materials. When this is
not possible-because of the nature
of the safety system or the com-
bustible material, special pro-
tection should be provided to
prevent a fire from defeating
the safety system function.
Such protection may involve a
combination of automatic fire
suppression, and construction
capable of withstanding and con-
taining a fire that consumes all
combustibles present. Examples
of such combustible materials
that may not be separable from the
remainder of its system are:

(1) Emergency diesel generator
fuel oil day tanks

(2) Turbine-genrator oil and
hydraulic control fluid
systems

(3) Reactor toolant pump lube
oil system

(b) Bulk gas storage (either compressed
or cryogenic), should not be
permitted inside structures
housing safety-related equipment.
Storage of flammable gas such as
hydrogen, should be located outdoori
or in separate detached buildings
so that a fire or explosion will
not adversely affect any safety
related systems or equipment.

(a) SAME

(b) SAME

9.5.141 2/24/77
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(Refer to NFPA 50A, "Gaseous
Hydrogen Systems.")

Care should be taken to locate
high pressure gas storage con-
tainers with the long axis
parallel to building walls. This
will minimize the possibility
of wall per etration in the
event of a 4:r.Lainer failure.
Use of compressed gases (es-
pecially flammable and fuel
gases) inside buildings should be
controlled. (Refer to NFPA 6,
"Industrial Fire Loss Pre-
vention.")

(c) The use of plastic materials
should be minimized. In parti-
cular, haloginated plastics such
as polyvinyl chloride (PVC) and
neoprene should be used only when
substitute non-combustible
materials are not available.
All plastic materials, including
flame and fire retardant materials,
will burn with an intensity and
BTU production in a range similar
to that of ordinary hydrocarbons.
When burning, they produce heavy
smoke that obscures visi-
bility and can plug air filters,
especially charcoal and HEPA.
The haloginated plastics also re-
lease free chlorine and hydrogen
chloride when burning which are
toxic to humans and corrosive to
equipment.

(d) Storage of flammable liquids should,
as a minimum, comply with the
requirements of NFPA 30, "Flammable
and Combustible Liquids Code."

(c) SAME

(d) SAME

2/24/77 .5.1-822/24/77
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3. Electric Cable ConstructionCable
Trays and Coble Penetrations

3. Electric Cable Construction,
Cable Tray.i and Cable
Penetratio.

(a) SAME(a) Only non-combustible materials
should be used for cable tray
construction.

(b) See Section E.3 for fire pro-
tection guidelines for cable
spreading rooms.

(c) Automatic water sprinkler systems
should be provided for cable
trays outside the cable spreading
room. Cables should be designed
to allow wetting down with
deluge water without electrical
faulting. Manual hose stations
and portable hand extinguishers
should be provided as backup.
Safety related equipment in the
vicinity of such cable trays,
that does not itself require water
fire protection, but is subject
to unacceptable damage from
sprinkler water discharge, should
be protected from sprinkler
system operation of malfunction.

(d) Cable and cable tray penetration of
fire barriers (vertical and hori-
zontal) should be sealed to give
protection at least equivalent to
that fire barrier. The design
of fire barriers for horizontal
and vertical cable trays should,
as a minimum, meet the require-
ments of ASTM E-119, "Fire Test
of Building Construction and
Materials," including the hose
stream test.

(e) Fire breaks should be provided as
deemed necessary by the fire
hazards analysis. Flame or flame
retardant coatings may be used as
a fire break for grouped elec-
trical cables to limit spread of
five in cable ventings. (Possible
cable derating owing to use of such

(b) SAME

(c) SAME. When safety
related cables do not
satisfy the provisions
of Regulatory Guide 1.75,
all exposed cables should
be covered with an'
approved fire retardant
coating and a fixed
automatic water fire
suppression system
should be provided.

(d) SAME. Where installed
penetration seals are
deficient with respect
to fire resistance, these
seals may be protected
by covering both sides
with an approved fire
retardant material.
The adequacy of using
such material should be
demonstrated by suitable
testing.

(e) SAME

9.511-83 2/24/77
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coating materials must be con-
sidered during design.)

(f) Electric cable constructions
should as a minimtm pass the
current IEEE No. 383 flame test.
(This does not imply that cables
passing this test will not require
additional fire protection.)

(g) To the extent practical, cable
construction that does not give off
corrosive gases while burning
should be used.

(h) Cable trays, raceways, conduit,
trenches, or culverts should be
used only for cables. Mis-
cellaneous storage should not be
permitted, nor should piping for
flammable or combustible liquids
or gases be installed in these
areas.

(i) The design of cable tunnels, cul-
verts and spreading rooms should
provide for automatic or manual
smoke venting as required to
facilitate manual fire fighting
capability.

(j) Cables in the control room should
be kept to the minimum necessary
for operation of the control room.
All cables entering the control
room should terminate there.
Cables should not be installed in
floor trenches or culverts in the
control room.

(f) SAME. For cable in-
stallation in operating
plants and plants under
construction that do not
meet the IEEE No. 383
flame test requirements,
all cables must be covered
with an approved flame
retardant coating and
properly derated.

(g) Applicable to new
cable installations.

(h) SAME. Installed equip-
ment in cable tunnels
or culverts, need not be
removed if they present
no hazard to the cable
runs as determined by
the fire hazards
analysis.

(i) SAME

(J) SAME. Existing cabling
installed in concealed
iAoor and ceiling spaces
should be protected with
an automatic total
flooding halon system.

2/24/77 9.5.1-84
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4. Ventilation'

(a) The products of combustion that
need to be removed from a specific
fire area should be evaluated to
determine how they will be contro-
lled. Smoke and corrosive gases
should generally be automatically
discharged directly outside to a
safe location. Smoke and gases
containing radioactive materials
should be monitored in the
fire area to determine if release
to the environment is within
the permissiblelimits of the
plant Technical Specifications.

(b) Any ventilation system designied to
exhaust smoke or corrosive gases
should be evaluated to ensure that
inadvertent operation or single
failures wilt not violate the con-
trolled areasof the plant design.
This requirement includes con-
tainment functions for protection
of the public and maintaining
habitability for operations
personnel.

(c) The power supply and controls
for mechanical ventilation systems
should be run outside the fire
area served by the system.

(d) Fire suppression systems should
be installed to protect charcoal
filters in accordance wkth Reg-
ulatory Guide 1.52, "Design
Testing and Maintenance Criteria
for Atmospheric Cleanup Air
Filtration."

(e) The fresh air supply intakes to
areas containing safety related
equipment or systems should be
located remote from the exhaust
air outlets and smoke vents of
other fire areas to minimize
the possibility of contatinating
the intake air with the products
of combustion.

4. Ventilation

(a) SAME. The products of
combustion which need to
be removed from a
specific fire area should
be evaluated to deter-
mine how they will be
controlled.

(b) SAME

(c) SAME

(d) SAME

(e) SAME

0
9.5.1-85 2/24/77
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(f) Stairwells should be designed to
minimize smoke infiltration
during a fire. Staircases
should serve as escape routes
and access routes for fire
fighting. Fire exit routes should
be clearly marked. StAirwells,
elevators and chutes should be
enclosed in masonry towers with
minimum fire rating of three
hours and automatic fire doors at
least equal to the enclosure
construction, at each opening
into the building Elevators
should not be used during fire
emergencies.

(g) Smoke and heat vents may be useful
in specific areas such as cable
spreading rooms and diesel fuel
oil storage areas and switch-
gear rooms. When natural-convec-
tion ventilati'on is used, a minimun
ratio of 1 sq. foot of venting
area per 200 sq. feet of floor
area should be provided. If
forced-convection ventilation is
used, 300 CFM should be provided
for every 200 sq. feet of floor
area. See NFPA No. 204 for
additional guidance on smoke con-
trol.

(h) Self-contained breathing appara-
tus, using full face positive
pressure masks, approved by NIOSH
(National Institute for Occupa-
tional Safety and Health - approva3
formerly given by the U. S.
Bureau of Mines) should be provided
for fire brigade, damage control
and control room personnel. Cone
trol room personnel may be fur-
nished breathing air by a manifold

(f) SAME. Where stairwells
or elevators cannot be
enclosed in three-hour
fire rated barrier with
equivalent fire doors,
escape and access routes
should be established
by pre-fire plan and
practiced in drills by
operating and fire
brigade personnel.

(g) SAME

(h) SAME

I

2/24/77 9.5.1-86
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system piped from a storage re-
servoir if practical. Service
or operating life should be a
minimum of one half hour for the
self-contained units.

At least two extra air bottles
should be located onsite for each
self-contained breathing unit.
In addition, an onsite 6-hour
supply of reserve air should be
provided and arranged to permit
quick and complete replenishment
of exhausted supply air bottles
as they are returned. If com-
pressors are used as a source of
breathing air, only units
approved for breathing air should
be used. Special care must
be taken to locate the compressor
in areas free of dust and contam-
inants.

(i) Where total flooding gas extin-
guishing systems are used, area
intake and exhaust ventilation
dampers should close upon ini-
tiation of gas flow to maintain
necessary gas concentration.
(See NFPA 12, "Carbone Dioxide
Systems", and 12A, "Halon 1301
Systems.")

5. Lighting and Communication

(i) SAME

5. Lighting and Communication

Lighting and two way voice communi-
cation are vital to safe shutdown and
emergency response in the event of
fire. Suitable fixed and portable
emergency lighting and communication
devices should be provided to satisfy
the following requirements:

(a) Fixed emergency lighting should
consist of sealed beam units with
individual 8-hour minimum battery
power supplies.

9.5.1-87

SAME

2/24/77
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(b) Suitable sealed beam battery
powered portable hand lights
should be provided for emergency
use.

(c) Fixed emergency communication
should use voice powered head
sets at pre-selected stations.

(d) Fixed repeaters installed to per-
mit use of portable radio communi-
cation units should be protected
from exposure fire damage.

Fire Detection and rSippression

1. Fire Detection

(a) Fire detection systems should as
a minimum comply with NFPA 72D,
"Standard for the Installation,
Maintenance and Use of Proprietary
Protective Signaling Systems."

(b) Fire detection system should give
audible and visual alarm and
annunciation in the control room.
Local audible alarms should also
sound at the location of the fire.

(c) Fire alarms should be distinctive
and unique. They should not be
capable of being confused with
any other plant system alarms.

(d) Fire detection and actuation
systems should be connected to
the plant emergency power supply.

2. Fire Protection Water Supply Systems

1E. Fire Detection and Suppression

1. Fire Detection

SAME. Deviations from the
requirements of NFPA 72D should
be identified and justified.

2. Fire Protection Water Supply
Systems

(a) An underground yard fire main loop
should be installed to furnish
anticipated fire water require-
ments. NFPA 24 - Standard for
Outside Protection - gives nec-
essary guidance for such instalia-
tion. It references other design

(a) SANE. Visible location
marking signs for under-
ground valves is accep-
table. Alternative
valve position indicators
should also.be provided.

2/24/77 9.5.1-88
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codes and standards developed
by such organizations as the
American National Standards
Institute (ANSI) and the, American
Water Works Association (AWWA).
Lined steel or cast iron pipe
should be used to reduce inter-
nal tuberculation. Such tuber-
culation deposits in an unlined
pipe over a period of years can
significantly reduce water flow
through the combination of increa-
sed friction and reduced pipe
diameter. Means for treating
and flushing the systems should
be provided. Approved visually
indicating sectional control
valves, such as Post Indicator
Valves, should be provided to
A enl a na.n .fl a#nn *tf Ag An en.."

maintenance or repair without
shutting off the entire system.

The fire main system piping should
be separate from service or
sanitary water system piping.

(b) A common yard fire main loop may
serve multi-unit nuclear power
plant sites, if cross-connected
between units. SectX.inai con-
trol valves should permit maintain-
ing independence of the indivi-
dual loop around each unit. For
such installations, common water
supplies may also be utilized.
The water supply should be
sized for the largest single
expected flow. For multiple
reactor sites with widely separ-
ated plants (approaching 1 mile or
more), separate yard fire main
loops should be used.

For operating plants,
fire main system piping
that can be isolated
from service or sanitary
water system piping is
acceptable.

(b) SAME. Sectionalized
systems are acceptable.

2/24/779.5.1-89
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(c) If pumps are required to meet
system pressure or flow require-
ments, a sufficient number of
pumps should be provided so that
100% capacity will be available
with one pump inactive (e.g. .
three 50% pumps or two 100%
pumps). The connection to the
yard fire main loop frcm each
fire pump should be widely
separated, preferably located
on opposite sides of the
plant. Each pump should have
its own driver with independent
power supplies and control. At
least one pump (if not powered
from the emergency diesels)
should be driven by non-electri-
cal means, preferably diesel
engine. Pumps and drivers
should be located in rooms
separated from the remaining pumps
and equipment by a minimum three-
hour fire wall. Alarms in-
dicating pump running, driver
availability, or failure to
start should be provided in the
control room.

Details of the fire pump in-
stallation should as a minimum
conform to NFPA 20, "Standard
for the Installation of Centri-
fugal Fire Pv;.aps."

(d) Two separate reliable water
supplies should be provided. If
tanks are used, two 100% (min-
imum of 300,000 gallons each)
system capacity tanks should be
installed. They should be so
interconnected that pumps can
take suction from either or both.
However, a leak in one tank or its
piping should not cause both r

(c) SAME

(d) SAME

2/24/77 9.5.1-90
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tanks to drain. The main plant
fire water supply capacity
should be capable of refilling
either tank in a minimum of
eight hours.

Common tanks are permitted for
fire and sanitary or service water
storage. When this is done, how-
ever, minimum fire water storage
requirements should be dedi-
cated by means of a vertical
standpipe for other water
services.

(e) The fire water supply (total
capacity and flow rate) should be
calculated on the basis of the
largest expected flow rate for a
period of two hours, but not
less than 300,000 gallons. This
flow rate should be based (con-
servatively) on 1,000 gpm for
manual hose streams plus the
greater of:

(1) all sprinkler heads opened
and flowing in the largest
designed fire area; or

(2) the largest open head
deluge system(s) operating.

(f) Lakes or fresh water ponds of
sufficient size may quality as
sole source of water for fire
protection, but require at least
two intakes to the pump supply.
When a common water supply is
permitted for fire protection
and the ultimate heat sink, the
following conditions should also
be satisfied:

9.5.1-91

(e) SAME

(f) SAME

2/24/77
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(1) The additional fire pro-
tection water requirements
are designed into the
total storage capacity;
and

(2) Failure of the fire pro-
tection system should not
degrade the function of
the ultimate heat sink.

(g) Outside manual hose installation
should be sufficient to reach
any location with an effective
hose stream. To accomplish
this hydrants should be in-
stalled approximately every
250 feet on the yard main system.
The lateral to each hydrant from
the yard main should be controlled
by a visually indicating or key
operated (curb) valve. A hose
house, equipped with hose and
combination nozzle, and other
auxiliary equipment recommended
in NFPA 24, "Outside Protection",
should be provided as needed but
at least every 1,000 feet.

Threads compatible with those
used by local fire departments
should be provided on all
hydrants, hose couplings and
standpipe risers.

3. Water Sprinklers and Hose Standpipe
Systems

(g) SAME

0o

3. Water Sprinklers and Hose
Standpipe Systems

(a) Each automatic sprinkler system
and manual hose station standpipe
should have an independent con-
nection to the plant under-
ground water main. Headers
fed from each end are permitted
inside buildings to supply
multiple sprinkler and stand-
pipe systems. When provided,
such headers are considered an
extension of the yard main
system. The header arrangement
should be such that no single
failure can impair both the

(a) SAME

iA,

2/24/77 9.5.1-92
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primary and backup fire protection
systems.

Each sprinkler and standpipe
system should be equipped with
OS&Y (outside screw and yoke)
gate valve, or other approved
shut off valve, and water flow
alarm. Safety related equip-
ment that does not itself re-
quire sprinkler water fire pro-
tection, but is subject to un-
acceptable damage ii wetted by
sprinkler water discharge should
be protected by water shields
or baffles.

ol

(b) All valves in the fire water
systems should be electrically
supervised. The electrical
supervision signal should in-
dicate in the control room and
other appropriate command location.
in the plant (See NFPA 26,
"Supervision of Valves.")

(c) Automatic sprinkler systems
should as a minimum conform to
requirements of appropriate
standards such as NFPA 13,
"Standard for the Installation
of Sprinkler Systems", and
NFPA 15, "Standard for Water
Spray Fixed Systems."

(d) Interior manual hose installation
should be able to reach any lo-
cation with at least one effec-
tive hose stream. To accomplish
this, standpipes with hose
connections, equipped with a
maximum of 75 feet of l-h-inch

9.5.1-93

(b) SAME. When electrical
supervision of fire
protection valves is
not practicable, an
adequate management super-
vision program should be
provided. Such a program
should include locking
valves open with strict
key control; tamper proof
seals; and periodic,
visual check of all
valves.

(c) SAME

(d) Interior manual hose
installation should be
able to reach any lo-
cation with at least one
effective hose steam. To
accomplish this, stand-
pipes with hose connections

2/24/77
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woven jacket-lined fire hose and
suitable nozzles should be
provided in all buildings,
including containment, on all
floors and should be spaced
at not more than 100-foot
intervals. Individual stand-
pipes should be of at least
4-inch diameter for multiple
hose connections and 2-h-inch
diameter for single hose con-
nections. These systems should
follow the requirements of N4FPA
14, "Standpipe and Hose Systems"
for sizing, spacing and pipe
support requirements.

lose stations should be located
outside entrances to normally
unoccupied areas and inside
normally occupied areas. St-nd-
pipes serving hose stations in
areas housing safety related equip-
ment should have shut off valves
and pressure reducing devices
(if applicable) outside the area.

Provisions should 6e made to
supply water at least to standpipes
and hose connections for manual
fire fighting in areas within
hose reach of equipment required
for safe plant shutdown in the
event of a Safe Shutdown Earthquake
(SSE). The standpipe system
serving such hose stations should
be analyzed for SSE loading and
should be provided with supports
to assure system pressure in-
tegrity. The piping and valves

equipped with a maximum
of 75 feet of 1-1i inch
woven jacket lined fire
hose and suitable nozzles
should be provided in
all buildings, including
containment, on all
floors and should be
spaced at not mare than
100-foot intervals.
Individual standpipes
should be of at least
4-inch diameter for
multiple hose connections
and 2-h-inch diameter for
single hose connections.
These systems should
follow the requirements
of NFPA No. 14 for sizing,
spacing and pipe support
requirements (NELPIA).

Hose stations should be
located outside entrances
to normally unoccupied
areas and inside normally
occupied areas. Stand-
pipes serving hose
stations in areas housing
safety related equipment
should have shut off
valves and pressure
reducing devices (if
applicable) outside the
area.

2/24/77 9.5.1 94
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for the portion of hose standpipe
system affected by this functional
requirement should at least sat-
isfy ANSI Standard B31.1, "Power
Piping." The water supply for
this condition may be obtained by
manual operator actuation of
valve(s) in a connection to the
hose standpipe header from a norma.
Seismic Category I water system
such as Essential Service Water
System. The cross connection
should be (a) capable of providing
flow to at least two hose
stations (approximately 75 gpm/
hose station), and (b) designed
to the same standards as the seis-
mic Category I water system; it
should not degrade the performance
of the Seismic Category I water
system.

(e) The proper type of hose nozzle; t
be supplied to each area should
be based on the fire hazard
analysis. The usual combin-
ation spray/straight-stream
nozzle may cause unacceptable
mechanical damage (for example,
the delicate electronic equip-
ment in the control room) and
be unsuitable. Electrically safe
nozzles should be provided at
locations where electrical equip-
ment or cabling is located.

(f) Certain fires such as those.
involving flammable liquids
respond well to foam suppression.
Consideration should be given to
use of any of the available
foams for such specialized pro-
tection application. These
include the more common chemical
and mechanical low expansion
foams, high expansion foam and
the relatively new aqueous film
forming foam (AFFF).

t (e) SAME

(f) SAME

0
9.5.1-95 2/24/77
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4. Halon Suppression Systems 4. Halon Suppression.Systems

The use of Halon fire extinguishing SAME
agents should as a minimum comply
with the requirements of NFPA 12A
and 12B, "Halogenated Fire Extinguishin
Agent Systems - Halon 1301 and Halon
1211." Only UL or FM approved agents
should be used.

In addition to the guidelines of NFPA
12A and 12B, preventative maintenance
and testing of the systems, including
check weighing of the Halon cylinders
should be done at least quarterly.

Particular consideration should also
be given to:

(a) minimum required Halon con-
centration and soak time

(b) toxicity of Halon

(c) toxicity and corrosive
characteristics of thermal
decomposition products of Halon.

S. Carbon Dioxide Suppression Systems S. Carbon Dioxide Suppression
Systems

The use of carbon dioxide extin- SAME
guishing systems should as a minimum
comply with the requirements of
NFPA 12, "Carbon Dioxide Extin-
guishing Systems."

Particular consideration should also
be given to:

(a) minimum required CO2 concentration
and soak time;

(b) toxicity of C02;

(c) possibility of secondary thermal
shock (cooling) damage;

(d) offsetting requirements for
venting during CO2 injection to
prevent overpressurization versus
sealing to prevent loss of agent;

2/24/77 9.5.1-96
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(e) design requirements from over-
pressurization; and

(f) possibility and probability
of CO systems being out-of-
servige.because of personnel
safety consideration. CO sys-
tems are disarmed whenever people
are present in an area so pro-
tected. Areas entered frequently
(even though duration time
for any visit is short) have often
been found with CO2 systems shut
off.

6. Portable Extinguishers 6. Portable Extinguishers

Fire extinguishers should be pro- SAME
vided in accordance with guide-
lines of NFPA 10 and 10A, "Portable
Fire Extinguishers Installation,
Maintenance and Use." Dry chemical
extinghishers should be installed with
due consideration given to cleanup
problems after use and possible adverse
effects on equipment installed in the
area.

F. Guidelines for Specific Plant Areas IF. Guidelines for Specific Plant Areas

1. Primary and Secondary Containment 1. Primary and Secondary
Containment

(a) Normal Operation (a) SAME except as noted.

Fire protection requirements for
the primary and secondary con-
tainment areas should be pro-
vided on the basis of specific
identified hazards. For example:

'Lubricating oil or hydraulic
fluid system for the primary
coolant pumps

*Cable tray arrangements and -

cable penetrations

'Charcoal filters

9.5.1-97 2/24/77

---------



33

APPLICATION DOCKETED BUT CONSTRUCT1ON PLANTS UNDER CONSTRUCTION AND

PERMIT NOT RECEIVED AS OF 7/1/76 OPERATING PLANTS

Because of the general in-
accessability of these areas
during normal plant operations,
protection should be provided
by automatic fixed systems.
Automatic sprinklers should be
installed for those hazards
identified as requiring fixed
suppression.

Operation of the fire protection
systems should not compromise
integrity of the containment
or the other safety related
systems. Fire protection
activities in the Containment
areas should function in con-
junction with total containment
requirements such as control of
contaminated liquid and gaseous
release and ventilation.

Fire detection systems should
alarm and annunciate in the con-
trol room. The type of detection
used and the location of the
detectors should be most suitable
to the particular type of fire
that could be expected from
the identified hazard. A primary
containment general area fire
detection capability should
be provided as backup for the
above described hazard detection.
To accomplish this, suitable
smoke detection (e.g., visual
obscuration, light scattering
and particle counting) should
be installed in the air
recirculation system ahead of
any filters.

Fire suppression systems
should be provided based on
the fire hazards analysis.

Fixed fire suppression cap-
ability should be provided
for hazards that could
jeopardize safe plant shut-
down. Automatic sprinklers
are preferred. An acceptable
alternate is automatic gas
(Halon or CO ) for hazards
identified as requiring
fixed suppression pro-
tection.

An enclosure may be required
to confine the agent if a
gas system is used. Such
enclosures should not adversely
affect safe shutdown, or other
operating equipment in con-
tainment.

Automatic fire suppression
capability need not be
provided in the primary con-
tainment atmospheres that
are inerted during normal
operation. However, special
fire protection requirements
during refueling and main-
tenance operations should be
satisfied as provided below

2/24/77 9.5.1-98
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Automatic fire suppression cap-
ability need not be provided in
the primary containment atmos-
pheres that are inerted during
normal operation. However,
special fire protection require-
ments during refueling and main-
tenance operations should be
satisifed as provided below.

(b) Refueling and Maintenance

Refueling and maintenance opera-
tions in containment may intro-
duce additional hazards such as
contamination control materials,
decontamination supplies, wood
planking, temporary wiring,
welding and flame cutting
(with portable compressed fuel
gas supply). Possible fires
would not necessarily be in the
vicinity of fixed detection
and suppression systems.

Management procedures and controls
necessary to assure adequate fire
protection are discussed in
Section 3a.

In addition, manual fire fighting
capability should be permanently
installed in containment. Stand-
pipes with hose stations, and
portable fire extinguishers,
should be installed at strategic
locations throughout containment
for any required manual fire
fighting operations.

Adequate self-contained breathing
apparatus should be provided
near the containment entrances
for fire fighting and damage
control personnel. These units
should be independent of any
breathing apparatus or air
supply systems provided for
general plant activities.

9.5.1-99

(b) Refueling and Maintenance

SAME

Equivalent protection
from portable systems
should be provided if it
is impractical to in-
stall standpipes with
hose stations.

2/24/77 i
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2. Control Room

The control room is essential to safe
reactor operation. It must be pro-
tected against disabling fire
damage and should be separated from
other areas of the plant by floors,
walls and roofs having minimum fire
resistance ratings of three hours.

Control room cabinets and consoles
are subject to damage from two distinct
fire hazards:

(a) Fire originating within a
cabinet or console; and

(b) Exposure fire involving com-
bustibles in the general room
area.

Manual fire fighting capability
should be provided for both hazards.
Hose stations and portable water and
Halon extinguishers should be located
in the control room to eliminate
the need for operators to leave the
control room. An additional hose
piping shut off valve and pressure
reducing device should be installed
outside the control room.

Hose stations adjacent to the control
room with portable extinguishers
in the control room are acceptable.

Nozzles that are compatible with
the hazards and equipment in the
control room should be provided
for the manual hose station. The
nozzles chosen should satisfy actual
fire fighting needs, satisfy electrical
safety and minimize physical damage to
electrical equipment from hose stream
impingement.

2. Control Room

SAME

Hose stations adjacent to
the control room with portabl
extinguishers in the control AE
room are acceptable.

is .

2/24/77 9.5.1-100
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Fire detection in the control room
cabinets, and consoles should be
provided by smoke and heat detectors
in each fire area. Alarm and annun-
ciation should be provided in the con-
trol room. Fire alarms in other parts
of the plant should also be alarmed
and annunciated in the control room.

Breathing apparatus for control room
operators should be readily available.
Control room floors, ceiling, supporting
structures, and walls, including
penetrations and doors, should be
designed to a minimum fire rating of
three hours. All penetration
seals should be air tight.

The control room ventilation intake
should be provided with smoke detec-
tion capability to automatically alarm
locally and isolate the control
room ventilation system to protect
operators by preventing smoke from
entering the control room. Manually
operated venting of the control room
should be available so that operators
have the option of venting for
visibility.

Cables should not be located in con-
cealed floor and ceiling spaces. All
cables that enter the control room
should terminate in the control
room. That is, no cabling should
be simply routed through the control
room from one area to another.

Safety related equipment should be
mounted on pedestals or the control
room should have curbs and drains to
direct water away from such equip-
ment. Such drains should be pro-
vided with means for closing to
maintain integrity of the control
room in the event of other accidents
requiring control room isolation.

Manually operated ventilation
systems are acceptable.

Xf such concealed spaces are
used, however, they should
have fixed automatic total
flooding halon protection.

Not applicable.
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3. Cable Spreadin& Room 3. Cable Spreading Room

The primary fire suppression in the
cable spreading room should be an auto-
matic water system such as closed head
sprinklers, open head deluge, or
open directional spray nozzles.
Deluge and open spray systems should
have provisions for manual operation
at a remote station; however, there
should be provisions to preclude
inadvertent operation. Location
of sprinkler heads or spray nozzles
should consider cable tray sizing and
arrangements to assure adequate water
coverage. Cables should be designed
to allow wetting down with deluge water
without electrical faulting.

Open head deluge and open directional
spray systems should be zoned to that
a single failure will not deprive
the entire area of automatic fire
suppression capability.

The use of foam is acceptable,
provided it is of a type capable of
being delivered by a sprinkler or deluge
system, such as an Aqueous Fil.9 Forming
Foam (AFFF).

An automatic water suppression
system with manual hoses and portable
extinguisher backup is acceptable,
provided:

(a) At least two remote and separate
entrances are provided to the
room for access by fire brigade
personnel; and

(b) Aisle separation provided
between tray stacks should
be at least three feet wide and
eight feet high.

(a) The preferred acceptable
methods are:

1. Automatic water
system such as closed
head sprinklers,
open head deluge, or
open directional
spray nozzles. Deluge
and open spray systems
should have pro-
visions for manual
operation at a remote
station; however; there
should also be pro-
visions to preclude
inadvertent operation.
Location of sprinkler
heads or spray nozzles
should consider cable
tray sizing and
arrangements to
assure adequate
water coverage. Cables
should be designed to
allow wetting down
with deluge water
without electrical
faulting. Open head
deluge and open
directional spray
systems should be
.zoned so that a
single failure will
not deprive the
entire area of auto-
matic fire suppression
capability. The use
of foam is acceptable,
provided it is of a
type capable of being
delivered by a sprink-
ler or deluge system,
such as an Aqueous
Film Forming Foam
(AFmF). ,
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Alternately, gas systems (Halon or CO )
may be used for primary fire suppression
if they are backed up by an installed
water spray system and hose stations
and portable extinguishers immed-
iately outside the room and if thie
access requirements stated above
are met.

Electric cable construction should,
as a minimum, pass the flame test in
IEEE Std 383, "IEEE Standard for
Type Test of Class lE Electric Cables,
Field Splices and Connections for
Nuclear Power Generating Stations."

Drains to remove fire fighting water
should be provided with adequate seals
when gas extinguishing systems
are also installed.

Redundant safety related cable division
should be separated by walls with a
three-hour fire rating.

9.5.1-103

(2) Manual hoses and portable
extinguishers should be
provided as backup.

(3) Each cable spreading room
of each unit should have
divisional cable separa-
tion, and be separated
from the other and the
rest of the plant by a
minimum three-hour rated
fire wall (Refer to NFPA
251 or ASTM E-119 for
fire test resistance
rating).

(4) At least two remote and
separate entrances are
provided to the room for
access by fire brigade
personnel; and

(5) Aisle separation pro-
vided between tray
stacks should be at
least three feet wide
and eight feet high.

b. For cable spreading rooms that
do not provide divisional
cable separation of a(3), in
addition to meeting a(l), (2),
(4), and (5) above, the follow-
ing should also be provided:

(1) Divisional cable separation
should meet the guide-
lines of Regulatory Guide
1.75, "Physical Indepen-
dence of Electric Systems."

(2) All cabling should be
covered with a suitable
fire retardant coating.

(3) As an alternate to a(l)
above, automatically
initiated gas systems
(Halon or CO2) may be

2/24/77

_-- _



39

APPLICATION DOCKETED BtTr CONSTRUJCTIOI1 PLANTS UNDER CONSTRUCTION AND

PERMIT NOT RECEIVED AS OF 7/1/,6 _ OP'ERATIRG PLANTS

used for primary fire
suppression, provided a
fixed water system is
used as a backup.

(4) Plants that cannot meet
the guidelines of Reg-
ulatory Guide 1.75, in
addition to meeting a(1),
(2), (4), and (5) above,
an auxiliary shutdown
system with all cabling
independent of the cable
spreading room should be
provided.

For LIultiple-reactor unit sites,
cable spreading rooms should not be
shared between reactors. Each cable
spreading room of each unit s!ould
have divisional cable sepration as
stated above and be separated from
the other and the rest of the plant
by a wall with a minimum fire rating
of three hours. (See NFPA 251, "Fire
Tests, Building Construction and
Materials", or ASTM E-119, "Fire Test
of Building Construction and Materials",
for fire test resistance rating.)

The ventilation system to the cable
spreading room should be designed
to isolate the area upon acutation
of any gas extinguishing system in
the area. In addition, smoke.venting
of the cable spreading room may be
desirable. Such smoke venting
systems should be controlled auto-
matically by the flee ..etection or
suppression system as appropriate.
Capability for remote manual control
should also be provided.

4. Plant Computer Room 4. Plant Computer Room

Safety related computers should SAME
be separated from other areas of
the plant by barriers having a
minimum three-hour fire resistant
rating. Automatic fire detection

2/24/77 9.5.1-104
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should be provided to alarm and
annunciate in the control room
and alarm locally. Manual hose
stations and portable water and
halon fire extinguishers should
be provided.

5. Switchsear Rooms

Switchgear rooms should be
separated from the remainder of
the plant by minimum three-hour
rated fire barriers, if practicable.
Automatic fire detection should
alarm and annunciate in the
control room and alarm locally.
Fire hose stationb and portable
extinguishers should be readily
available.

Acceptable protection for cables
that pass through the switchgear
room is automatic water or gas
agent suppression. Such auto-
matic suppression must consider
preventing unacceptable damage
to electrical equipment and
possible necessary containment
of agent following discharge.

6. Remote Safety Related Panels

The general area housing remote
safety related panels should
be provided with automatic
fire detectors that alarm locally
and alarm and annunciate in the
control room. Combustible materials
should be controlled and limited
to those required for operation.
Portable extinguishers and manual
hose stations should be provided.

5. Switchgear Rooms

Switchgear rooms should be
separated from the remainder
of the plant by minimum three-
hour rated fire barriers to the
extent practicable. Automatic
fire detection should alarm and
annunciate in the control room
and alarm locally. Fire hose
stations and portable ex-
tinguishers should be readily
available.

Acceptable protection for
cables that pass through the
switchgear room is automatic
water or gas agent suppression.
Such automatic suppression
must consider preventing un-
acceptable damage to elec-
trical equipment and possible
necessary containment of agent
following discharge.

6. Remote Safety Related Panels

SAME

9.5.1-105 2/24/77 ,.
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7. Station Battery Rooms

Battery rooms should be protected
against fire explosions. Battery
rooms should be separated from
each other and other areas of
the plant by barriers having
a minimum fire ratihg of three-
hours inclusive of all penetrations
and openings. (See NFPA 69,
"Standard on Explosion Prevention
Systems.") Ventilation systems
in the battery rooms should
be capable of maintaining the
hydrogen concentration well below
2 vol. % hydrogen concentration.
Standpipe and hose and portable
extinguishers should be provided.

Alternatives:

(a) Provide a total fire
rated barrier enclosure of
the battery room complex that
exceeds the fire load con-
tained in the room.

(b) Reduce the f"re load to be
within the fire barrier cap-
ability of 1-1/2 hours.

OR

(c) Provide a remote manual act-
uated sprinkler system in
each room and provide the 1-1/2
hour fire barrier separation.

8. Turbine Lubrication and Control Oil

7. Station Battery Rooms

SAME

8. Turbine Lubrication and Control
Oil Storage and Use AreasStorage and Use Areas

A blank fire wall having a minimum
resistance rating of three hours
should separate all areas con-
taining safety related systems
and equipment from she turbine
oil system

SAME. When a blank wall is
not present, open head deluge
protection should be provided
for the turbine oil hazards
and automatic open head water
curtain protection should be
provided for wall openings.

2/24/77 9.5.1-106



42

.
_ _ _ _ _ _ _ _= _ . . _

APPLICATION DOCKETED BUT CONSTRUJCTION

PERMIT NOT RECEIVED AS OF 7/176i_

PLANTS UNDER CONSTRUCTION AND

OPERATING PLANTS
-4-

9. Diesel Generator Areas

Diesel generators should be
separated from each other and
other areas of the plant by
fire barriers having a minimum
fire resistance rating of three
hours.

Automatic fire suppression such
as AFFF foam, or sprinklers should
be installed to combat any diesel
generator or lubricating oil
fires. Automatic fire detection
should be provided to alarm and
annunciate in the control room
and alarm locally. Drainage for
fire fighting water and means for
local manual venting of smoke
should be provided.

Day tanks with total capacity up
to 1100 gallons are permitted in
the diesel generator area under
the following conditions:

(a) The day tank is located
in a separate enclosure,.
with a minimum fire resistance
rating of three hours,
including doors or penetrations.
These enclosures should be
capable of containing the
entire contents of the day
tanks. The enclosure should
be ventilated to avoid accum-
ulation of oil fumes.

(b) The enclosure should be
protected by automatic fire
suppression systems such as
AFFF or sprinklers.'

10. Diesel Fuel Oil Storage Areas

9. Diesel Generator Areas

SAME

When day tanks cannot be
separated from the diesel-
generator one of the
following should be provided
for the diesel generator
area:

(a) Automatic open head
deluge or open head spray
nozzle system(s)

(b) Automatic closed head
sprinklers

(c) Automatic AFFF that is
delivered by a sprinkler
deluge or spray system

(d) Automatic gas system
(Halon or C02) may be
used in lieu of foam
or sprinklers to combat
diesel generator and/or
lubricating oil fires.

10. Diesel Fuel Oil Storage Areas

Diesel fuel oil tanks with a cap-
acity greater than 1100 gallons
should not be located inside the

SAME

9.5.1-/17 2/24/77
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buildings containing safety re-
lated equipment. They should be
located at least 50 feet from any
building containing safety
related equipment, or if located
within 50 feet, they should be
housed in a separate building
with construction having a
minimum fire resistance rating of
three hours. Buried tanks are
considered as meeting the
three hour fire resistance require-
ments. See NFPA 30, "Flammable
and Combustible Liquids Code",
for additional guidance.

When located in a separate building,
the tank should be protected
by an automatic fire suppression
system such as AFFF or sprinklers.

Tanks, unless buried, should not
be located directly above or below
safety related systems or equip-
ment regardless of the fire rating
of separating floors or ceilings.

In operating plants where tanks
are located directly above or
below the diesel generators
and cannot reasonably be
moved, separating floors and
main structural members
should, as a minimum, have
fire resistance rating of
three hours. Floors should be
liquid tight to prevent leaking
of possible oil spills from
one level to another. Drains
should be provided to remove
possible oil spills and fire
fighting water to a safe
location.

One of the following accep-
table methods of fire pro-
tection should also be
provided:

(a) Automatic open head
deluge or open head
spray nozzle system(s)

ft

2/24/77 9.5.1-108
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11. Safety Related Pumps

Pump houses and rooms housing
safety related pumps or other safety
related equipment should be sep-
arated from other areas of the
plant by fire barriers having at
least three-hour ratings. These
rooms should be protected by
automatic sprinkler protection
unless a fire hazaids analysis
can demonstrate that a fire will
not endanger other safety related
equipment required for safe plant
shutdown. Early warning fire
detection should be installed with
alarm and annunciation locally
and in the control room. Local hose
stations and portable extinguishers
should also be provided.

Equipment pedestals or curbs and
drains should be provided to re-
move and direct water away from
safety related equipment.

Provisions should be made for
manual control of the ventilation
system to facilitate smoke removal
if required for manual fire
fighting operation. ,

12. New Fuel Area

(b) Automatic closed head
sprinklers; or

(c) Automatic AFFF that is
delivered by a sprinkler
system or spray system

11. Safety Related Pumps

Pump houses and rooms housing
safety related pumps should be
protected by automatic sprinkler
protection unless a fire
hazards analysis can demon-
strate that a fire will not
endanger other safety related
equipment required for safe
plant shutdown. Early
warning fire detection should
be installed with alarm and
annunciation locally and in the
control room. Local hose
stations and portable ex-
tinguishers should also be
provided.

12. New Fuel Area

SAMEHand portable extinguishers
should be located within this
area. Also, local hose stations
should be located outside but
within hose reach of this area.
Automatic fire detection should

9.5.1-109 2/24/77
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alarm and annunciate in the con-
trol room and alarm locally.
Combustibles should be limited to
a minimum in the new fuel area.
The storage area should be pro-
vided with a drahnage system to
preclude accumulation of water.

The storage configuration of new
fuel should always be so maintained
as to preclude criticality for
any water density that might
occur during fire water application.

13. Spent Fuel Pool Area

Protection for the spent fuel
pool area should be provided by
local hose stations and portable
extinguishers. Automatic, fire
detection should be provided to
alarm and annunciate in the
control room and to alarm locally.

14. Radwaste Building

The radwaste building should be
separated from other areas of
the plant by fire barriers having
at least three-hour ratings. Auto-
matic sprinklers should be used
in -il areas where combustible
materials are located. Automatic
fire detection should be pro-
vided to annunciate and alarm
in the control room and alarm
locally. During a fire, the
ventilation systems in these
areas should be capable of being
isolated. Water should drain to
liquid radwaste building sumps.

Acceptable alternative fire pro-
tection is automatic fire detection
to alarm and annunciate in the
control room, in addition to manual
hose stations and portable ex-
tinguishers consisting of hand held
and large wheeled units.

13. Spent Fuel Pool Area

SAME

4
14. Radwaste Building

SAME

-i
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15. Decontamination Areas

The decontamination areas should
be protected by automatic
sprinklers if flammable liquids
are stored. Automatic fire detec-
tion should be provided to annun-
ciate and alarm in the control
room and alarm locally. The
ventilation system should be
capable of being isolated. Local
hose stations and hand portable
extinguishers should be provided
as backup to the sprinkler
system.

16. Safety Related Water Tanks

Storage tanks that supply
water for safe shutdown should
be protected from the effects
of fire. Local hose stations
and portable extinguishers should
be provided. rortable extinguishers
should be located in nearby hose
houseq. Combustible materials
shou'.d not be stored next to out-
door tanks. A minimum of 50 feet
of separation should be provided
between outdoor tanks and com-
bustible materials where feasible.

17. Cooling Tower'

Cooling towers shoujd be of non-
combustible construction or so
located that a fire will not
adversely affect any safety re-
lated systems or equipment. Cooling
towers should be of non-combustible
construction when the basins are
used for the ultimate heat sink or
for the fire protection water supply.

9.5.1-111

15. Decontamination Areas

SAME

16. Safety Related Water Tanks

SAME

17. Cooling Towers

SAME. Cooling towers of com-
bustible construction, so
located that a fire in them
could adversely affect safety
related systems or equipment
should be protected with an
open head deluge system in-
stallation with hydrants and
hose houses strategically
located.

2/24/77
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18. Miscellaneous Areas 18. Miscellaneous Areas

Miscellaneous areas such as SAME
records storage areas, shops,
warehouses, and auxiliary boiler
rooms should be so located that
a fire or effects of a fire, in-
cluding smoke, will not adversely
affect any safety related
systems or equipment. Fuel oil
tanks for auxiliary boilers should
be buried or provided with
dikes to contain the entire tank
contents.

G. Special Protection Guidelines 1G. Special Protection Guidelines

1. Welding and Cutting, Acetylene - 1. Welding and Cutting, Acetylene -
Oxygen Fuel Gas Systems Oxygen Fuel Gas Systems

This equipment is used in various SAKE
areas throughout the plant. Stor-
age locations should be chosen to
permit fire protection by auto-
matic sprinkler systems. Local
hose stations and portable equip-
ment should be provided as back-
up. The requirements of NFPA 51
and 51B are applicable to these
hazards. A permit system should
be required to utilize this equip-
ment. (Also refer to 2f herein.)

2. Storage Areas for Dry Ion Exchange 2. Storage Areas for Dry Ion
Resins Exchange Resins

Dry ion exchange resins should SAME
not be stored near essential
safety related systems. Dry
unused resins should be protected
by automatic wet pipe sprinkler
installations. Detection by smoke
and heat detectors should alarm
and annunciate In the control room
and alarm locally. Local hose sta-
tions and portable extinguishers
shouLd provide backup for these
areas. Storage areas of dry resin
should have curbs and drains.
(Refer to NFPA 92M, "Waterproofing
and Praining of Floors.")

2/24/77 9.5.1-liz
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3. Hazardous Chemicals

Hazardous chemicals should be
stored and protected in accordance
with the recommendations of NFPA
49, "Hazardous Chemicals Data."
Chemicals storage areas should
be well ventilated and protected
against flooding conditions
since some chemicals may react
with water to produce ignition.

4. Materials Containing Radioactivity

3. Hazardous Chemicals

4. Materials Containing Radio-
Activity

SAMEMaterials that collect and contain
radioactivity such as spent ion ex-
change resins, charcoal filters,
anu HEPA filters should be stored
in closed metal tanks or con-
tainers that are located in areas
free from ignition sources or
combustibles. These materials
should be protected from exposure
to fires in adjacent areas as well.
Consideration should be given to
requirements for removal of iso-
topic decay heat from entrained
radioactive materials.

9.5.1-113 2/24/77



ERRATA SHEET

FOR

Appendix A to Branch Technical Position APCSB 9.5-1,

"Guidelines for Fire Protection for Nuclear Power Plants"

Tabulated below are corrections to errors noted in Appendix A to Branch

Technical Position APCSB 9.5-1.

1. Page 9.5.1-65 - Under B. add 1.

2. Page 9.5.1-69 - Change 3. to (c)

3. Page 9.5.1-70 - Change 4. to (d)

4. Page 9.5.1-83 - Line 4 change "have" to "hour."

5. Page 9.5.1-84 - Change C. to E.

6. Page 9.5.1-93 - Line 3 under 6. After 1OA add "Installation" after

"Portable Fire Extinguishers"

7. Page 9.5.1-93 - Change D. to F.

8. Page 9.5.1-108 - Change E. to G.

Also for your convenience, attached is a comparison of the Table of

Contents for Branch Technical Position 9.5-1, Appendix A to BTP 9.5-1

and Regulatory Guide 1.120. It should be noted that (I) while the BTP

and the Regulatory Guide contain almost verbatim identical information, the

format and sequence of information presented in the two documents differ

somewhat, and (2) the information sequence in Appendix A to BTP 9.5-1

parallels that in Regulatory Guide 1.120 rather than BTP 9.5-1.

2/24/77 9.5.1-114
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U.S. NUCLEAR REGULATORY COMMISSION(M~) STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.2 COMMUNICATIONS SYSTEMS

!LEIEW REVS-O-NSIBl ITIlES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The PSB review of the communication system is limited to that portion of the system used

in intra-plant and plant-to-offsIte communications during transient, fire and accident

conditions. The system is reviewed with respect to the following considerations: capa-

bility of the system to provide effective intra-plant communications and effective plant-

to-offsite communications during transient, fire and accident conditions, including loss

of offsite power.

The Emergency Planning Branch (EPB) verifies that the offsite communication system provided

will satisfy emergency plan requirements, including notification of personnel and implemen-

tatlon of evacuation procedures (SRP Section 13.3).

11. ACCEPTANCE CRITERIA

Acceptability of the design of the communication system, as described in the applicant's

safety analysis report (SAR), is based in part on the degree of similarity of the design

with that for previously reviewed plants with satisfactory operating experience. There

are no general design criteria or regulatory guides that directly apply to the safety-

related performance requirements for the communication system. The PS8 will use the

following criterion to assess the system design capability: the communication system is

acceptable if the integrated design of the system will provide effective communication

between plant personnel in all vital areas during the full spectrum of accident or Incident

conditions (including fire) under maximum potential noise levels. Communications systems

for fire fighting are acceptable if they meet the requirements of Branch Technical Position

ASB 9.5-1.

Ill. REVIEW PROCEDURES

The information provided in the SAR pertaining to the design of the communication system

will be evaluated to determine that intra-plant communication equipment needed in vital

areas during recovery actions from transient, fire or accident conditions is provided.

The reviewer will select and emphasize material from this SRP section, as may be appro-

priate for a particular case.
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The design basis, design criteria, system description sections, and the analyses that

demonstrate the effectiveness of the system when maximum plant noise levels are being

generated during incident and accident conditions are reviewed to verify that the communi-

cation system will function effectively. The reviewer uses engineering judgment and

compares the system capabilities with equipment provided for previously approved plants.

The PSB will accept the communication system if a statement in the SAR commits the appli-

cant to perform a functional test under conditions that simulate the maximum plant noise

levels being generated during the various operating conditions, including fire and acci-

dent condition, to demonstrate system capabilities.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety evaluation

report:

"The communication system includes all components for intra-plant and plant-to-

offsite communications. The scope of review of the communications system for the

plant included verification that offsite equipment is capable of pro-

viding for notification of personnel and implementation of evacuation procedures, and

verification that onsite cxmmunicationms are adequate in the event of an emergency.

[The review has determined the adequacy of the applicant's proposed design criteria

and bases for the communication system and the requirements for all plant operation,

fire and accident conditions. (CP)] (The review has determined that the design of

the communications system and auxiliary supporting systems is in conformance with the

design criteria and bases. (OL))

"The basis for acceptance in the staff review has been conformance of the applicant's

designs, design criteria and design bases for the communications system and necessary

auxiliary supporting systems to staff positions and industry standards, and the ability

of the systems to provide effective communications between plant personnel in all

vital areas during the full spectrum of accident or incident conditions under maximum

potential noise levels.

"The staff concludes tha. the design of the communications system conforms to all

applicable guides, staff positions and industry standards and is acceptable."

V. REFERENCES

7. Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear

Power Plants" (attached to SRP 9.5-1).

Rev. 1 9.5.2-2
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NUREG-75/087

As U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.3 LIGHTING SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondar,/ - 4oteI

i. ARLAS *;!alVIEW

The PSE eeview of the lighting system is limited to the emergency or supplementary lightings
systems. ,ne system is reviewed with respect to the following considerations: capability
of the system to provide adequate emergency lighting during all operating conditions,
including fire, transients and acciaent conditions, and the effect of the loss of offsite
power on the emergency lighting system.

11. ACCEPTANiCE ChITERIA
Acceptability of the design of the lighting systeri, as described in the applicant's safety

analysis report 'SAR). is based in L'art on tne degree of similarity of the design with
that for previously reviewed plants witm satisfactory operating experience. There are no
general design criteria or regulatory guides that directly apply to the safety-related
performance requirements for the lighti-ig system. The PSB will use the following criterions
to assess the system design capability: the emergency lighting system is acceptable if
the integrated design of the system will provide adequate emergency station lighting in
all areas, from onsite power sources, required for fire fighting, control and maintenance
of safety-related equipment and the access routes to and from these areas. Ernergency
lighting for fire fighting is acceptable if it meets the requirements of Branch Technical
Position ASB 9.5-1.

111. REVIEW PROCEDURES

The information provided in the SAR pertaining to the design of the emergency lighting
system is evaluated to determine that the lighting in vital areas and essential passageways
to and from these areas is adequate. Engineering judgment, in conjunction with a comparison
to equipment provided on previously approved plants, is used as a basis for determining
acceptability.

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and hit review
supports conclusions of the following type, to be included in the staff's safety evaluation
report:
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Stenderd revewpin atreo prepreerN,. guIdnce .1he aile. ucsar Reacto~zr Regulatlen stalleepnsblo for She #.1wiofapplcaiornr ato eo..,tru n
operate nucear penar, plants. Those documents are made owellable te the public as pan, of the Commnission' po.cy lo Inoe*mn the Rudest Industry and the
genarl puk, o9 Regulatory proceduree end policies. Standard reie plans are not subtitute , a Iuregulatory guide or the Commesson's regulatione end
ee- "pllancA wh.t Shefewsi o reAied. The stendard rie ,,.n secton. arev k.eyedt Rev.ion 2.athAes ". Stndr oral, -end Conent of gaet An2M^alyst R eorts
forNueearPw t. P nt s. t .. ".s.ction sof thie andard F"orrthevee correspondingreviewplan

PublIshed standard re pwlans VAN be revse periodically. " approprite. to eommodest comments end to r,.ledt new In-uretatn and experienc.

Cemmants and suggestiane for Imprevement will be considered end Chould be sent to the U.S. Nuclear Regultry Commssion. office .o Nuclear Reader
Regulation. Washington. D.C. sUm.

Rev. 1

SIR



"The lighting system includes all components necessary to provide adequate lighting

during both emergency and normal operating conditions. The scope of review of tha

lighting system for the plant included assessment of the adequacy of

the emergency power sources and verification of adequacy during fire, transient and

accident conditions. [The review has determined the adequacy of the applicant's

proposed design criteria and design bases regarding the requirements for lighting

during fire, transient and accident conditions. (CP)] [The review has determined

that the design of the emergency lighting system and auxiliary supporting systems is

in conformance with the design criteria and bases. (OL))

"The basis for acceptance in the staff review has been conformance of the applicant's

designs and design criteria for the emergency lighting system and necessary auxiliary

supporting systems to staff positions and industry standards.

"The staff concludes that the design of the lighting system conforms to all applicable

staff positions and indo*-y standards, and is acceptable."

V. REFERENCES

1. Branch Technical Position ASB 9.51, 'Guidelines for Fire Protection for Nuclear Power

Plants" (attached to SRP Section 9.5-1).
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NUREG-75/087

it iU.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.4 EMERGENCY DIESEL ENGINE FUEL OIL STORAGE
AND TRANSFER SYSTEM

REVIEW RESPONSIBILITIES

Pr mary - Power Systems Branch (PSB)

Secor.lary - Auxiliary Systems drench (ASB)
Structural Engineerirnt Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)

1. AREAS OF REVIEW

Nuclear power plants are required to have redundant onsite emergency power sources of

sufficient capacity to power safety-related equipment. In almost all cases, the

onsite power sources include diesel engine-driven generator sets. SRP sections

numbered 9.5.4 through 9.5.8 cover the review of various essential elements of the

emergency diesel engine sets. This SRP Section 9.5.4 deals with the fuel oil storage

and transfer system for these diesel engines up to the engine housing.

The PSB review of the emergency diesel engine fuel oil storage and transfer system

(EOEFSS) is performed to assure conformance with the requirements of General Design

Criteria 2, 4, 5 and 17 and includes all piping up to the connection to the engine,

the fuel oil storage tanks, the fuel oil transfer pumps, day tanks and the tank

storage vaults. In addition, the review includes the quality and the quantity of

fuel oil stored on site, and the availability and procurement of additional fuel from

offsite sources.

1. The diesel engine fuel oil storage and tra'nsfer system is reviewed to determine

that:

a. The system meets appropriate seismic design requirements.

b. The system will be designed, fabricated, erected, and tested to acceptable

quality standards.

c. Sufficient space has been provided to permit inspection, cleaning,

maintenance, and repair of the system.

d. A minimum of seven days supply of fuel oil, for each redundant diesel

generator system, has been provided onsite to meet the engineered safety

feature load requirements following a loss of offsite power and a design

basis accident.
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e. Adequate and acceptable sources of fuel oil are available, including the

means of transporting and recharging the fuel storage tank, following a

design basis accident (DBA) so as to enable each redundant diesel generator

system to supply uninterrupted emergency power for as long as may be required.
f. Seismic Category I structures housing the system protect it from natural

phenomena and external missiles.

2. The PSB verifies that suitable precautions will be taken to prevent deleterious
material from degrading the stored fuel and that periodic tests will be performed
to verify that fuel degradation does not proceed to the point where engine

performance is affected.

3. The PSB will determine the adequacy of the design, installation, inspection and

testing of all electrical components required for reliable operation of the

system, including interlocks.

4. The applicant's proposed technical specifications are reviewed for operating
license applications as they relate to areas covered in this section.

The review of the diesel engine fuel oil storage and transfer system will involve

secondary review evaluations performed by other branches. Their evaluations are used

by the PSB to complete the overall system evaluation. The evaluations performed by

other branches are as follows. The SEE will determine the acceptability of the

design analyses, procedures, and criteria used to estabi'sh the ability of structures

to withstand the effects of natural phenomena such as the safe shutdown earthquake

(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will review

the seismic design qualification of components and confirm that components, piping,

and structures are designed in accordance with applicable codes and standards. The

ASB will determine that the assigned seismic and quality group classifications for

system components are acceptable. The ASB also determines that the EDEFSS is in
accordance with Branch Technical Positions ASB 3-1 and MEB 3-1 for cracks and breaks in

high energy and moderate energy piping systems outside containment. The MTEB will verify

that inservice inspection requirements are met for system components and upon request will

verify the compatibility of the materials of construction with service conditions.

II. ACCEPTANCE CRITERIA

Acceptability of the diesel engine fuel oil storage and transfer system, as described

in the applicant's safety analysis report (SAR), is based on specific general design

criteria, regulatory guides and industry standards. The review will also utilite

information octAined from other federal agencies and reports, industry standards,

military specifications, available technical literature, and operational performance
data obtained from similarly designed systems at other plants having satisfactory

operational experience.

Rev. I 9.5.4-2



The design of the diesel engine fuel oil storage and transfer system is acceptable if

the integrated design of the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to the ability of structures housing the

system and the system itself to withstand the effects of natural phenomena such

as earthquakes, tornadoes, hurricanes, and floods, as established in Chapters 2

and 3 of the SAR.

2. General Design Criterion 4, with respect to structures housing the system and

the system itself being capable of withstanding the effects of external missiles

and intprnal1y-generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to the capability of shared systems and

components important to safety to perform required safety functions.

4. General Design Criterion 17, as related to thebcapability of the fuel oil system

to meet independence and redundancy criteria.

5. Regulatory Guide 1.26, as related to quality group classification of the system

components.

6. Regulatory Guide 1.29, as related to the seismic design classification of the

system.

7. Regulatory Guide 1.68, as related to preoperational and startup testing of the

diesel engine fuel oil storage and transfer system.

8. Regulatory Guide 1.102, as related to the protection of structures, systems and

components important to safety from the effects of flooding.

9. ovjulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

10. Regulatory Guide 1.137, as related to fuel oil systems design, fuel oil quality

and tests.

11. Branch Technical Position ASB 9.5-1, as related to fuel oil system fire protection.

12. ANSI Standard N195, 'Fiuel Oil Systems for Standby Piesel Generators."

13. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

9.5.4-3 Rev. I
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14. Branch Technical Position ICSB-17 (PS8), as related to diesel engine fuel oil

system protective interlocks during accident conditions.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of

application are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design meet the acceptance

criteria given in Section II. For the review of operating license (OL) applications,

the procedures are used to verify that the initial design criteria and bases have

been appropriately implemented in the final design. The OL review includes

verification that the content and intent of the technical specifications prepared by

the applicant are in agreement with requirements for system testing, minimum performance,

and surveillance developed as a result of the staff's review.

Plant-to-plant variations in the design of fuel oil storage and transfer systems will

occur due to the number of architect-engineering companies having design responsibility

in this area. Differences may occur in the number of redundant systems, in piping

interconnections between diesel engines, and in sharing requirements between units.

The reviewer will select and emphasize material from the paragraphs below to fit the

particular design under review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in subsection I. The primary reviewer obtains

and uses such input as required to assure that this review procedure is complete.

1. The SAR is reviewed to verify that the diesel engine fuel oil storage and

transfer system description and related diagrams clearly indicate all modes of

system operation, including the means for indicating, controlling, and monitoring

fuel oil level, temperature, and pressure as required for uninterrupted operation.

2. The reviewer verifies that the system is designed to withstand the effects of

seismic events, other design basis, natural phenomena, and internally- and

externally-generated missiles. The review of internally-generated missiles will

consider the relative locations and orientation of components as placed in the

facility.

3. Piping and interconnections between systems are reviewed to verify that single

active failures will not cause unacceptable results. The associated drawings

are examined to ascertain that sufficient space has been provided around the

components to permit inspection, cleaning, maintenance, and repair.
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4. The reviewer verifies that the design is such as to minimize the chance of

deleterious material entering the system during recharging. or by operator

error, or due to natural phenomena. The reviewer will ascertain that provisions

or a program have been incorporated to assure that the quality of the stored

fuel oil meets minimum requirements at all times.

5. The descriptive information and drawings in the SAR are reviewed to verify thMt:

a. Each storage tank is equipped with an outside fill and vent line, located

so as to minimize the chance of damage, and with the fill and vent point

higher than the PMF flood level.

b. Ttie minimum onsite inventory of fuel oil for each redundant diesel generator

system is sufficient to enable the diesel generators to power required

engineered safety features for a period of seven days following any design

basis accident and loss of offsite power.

c. The day or integral tank associated with each diesel generator set is

located at an elevation to assure a slight positive pressure at the engine

fuel pumps.

d. A day or integral tank o. line is provided to return excess fuel oil

delivered by the transfer pul..1p back to the fuel oil storage tank.

e. A low level alarm is provided to enable the operator to accomplish minor

repairs or maintenance before all fuel in the day or integral tank is

consumed (assuming full power operation).

6. The reviewer verifies that suitable precautions will be taken, once the fuel oil

tank has been filled, to exclude sources of ignition such as open flames or hot

surfaces, and that protective measures such as compartmentation of redundant

elements are used to minimize the potential causes and' consequences of fires and

explosions.

7. The reviewer verifies that the system function will be maintained as required in

the event of failure of non-seismic Category I systems or structures located

near the system. Reference to the SAR sections describing site features and the

general arrangement and layout drawings will be necessary in this determination.

Plant arrangement features, in conjunction with the protection obtained by

location and the design of the system and structures, are considered in determining

the ability of the system to maintain function in the event of such failures.

8. The diesel engine fuel oil storage and transfer system is reviewed to verify

that protection from the effects of breaks in high and moderate energy lines has been

provided. Layout drawings are reviewed to assure that no high or moderate energy

piping systems are located close to the fuel oil system, or that protection from the

effects of failure will be provided. The means of providing such protection will be

given in Section 3.6 of the SAR and the procedures for reviewing this information are

given in the corresponding SRP sections.
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9. The descriptive information, related system drawings, and the results of failure

modes and effects analyses in the SAR are reviewed to verify that minimum system

requirements will be met following design basis accidents assuming a concurrent

single active component failure. For each case the design will be acceptable if

minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his

review support conclusions of the following type, to be included in the staff's

safety evaluation report:

"The diesel engine fuel oil storage and transfer system includes storage tanks,

fill, vent, drain, and overflow return lines, fuel oil transfer pumps, strainers,

filters, valves, day tanks, and all components and piping up to the connections

to the engine. The scope of review of the diesel engine fuel oil storage and

transfer system for the _ plant included layout drawings,

piping and instrumentation diagrams, and descriptive information for the system

and auxiliary supporting systems essential to its operation. [The review has

determined the adequacy of the applicant's proposed design criteria and design

bases for the diesel engine fuel oil storage and transfer system, and the require-

ments for system performance during normal, abnormal, and accident conditions.

(CP)] (The review has determined that the design of the diesel engine fuel oil

storage and transfer system and auxiliary supporting systems is in conformance

with the proposed design criteria and bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the

applicant's design criteria and bases for the diesel engine fuel oil storage and

transfer system and necessary auxiliary supporting systems to the Commission's

regulations as set forth in the general design criteria, and to applicable

regulatory guides, staff technical positions, and industry standards.

"The staff concludes that the design of the diesel fuel oil storage and transfer

system conforms to all applicable regulations, guides, staff positions, and

industry standards, and is acceptable."

V. REFERENCE

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for

Protection against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and

Missile Design Bases."
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3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, "Electric Power Systems."

S. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

6. Regulatory Guide 1.29, "Seismic Design Classification." i

7. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

8. Regulatory Guide 1.117, "Tornado Design Classification."

9. Regulatory Guide 1.137, "Diesel Generator Fuel Oil Systems."

10. Regulatory Guide 1.68, "Initial Test Programs for Water Cooled Reactor Power

Plants."

11. ANSI Standard N195, "Fuel Oil Systems for Standby Diesel Generators," American National

Standards Institute.

12. Branch Technical Positions ASB 3-l, "Protection Against Postulated Piping

Failures in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and

MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping Outside

Containment," attached to SRP Section 3.6.2.

13. Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear

Power Plants" (attached to SRP Section 9.5-1)

14. Branch Technical Position ICSB-17 (PSB), "Diesel-Generator Protective Trip Circuit

Bypasses."
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.5 EMERGENCY DIESEL ENGINE COOLING WATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PS6)

Secondary - Auxiliary Systems Branch (ASB)
Materials Engineering Branch (MTEB)
Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)

I. AREAS OF REVIEW

The emergency diesel engine cooling water system (EDECWS) provides cooling water to the

station emergency diesel engines and is reviewed to assure conformance with General

Design Criteria 2, 4, 5, 44, 45 and 46. The PSB review includes those portions of the

EDECWS that receive heat from components essential for proper operation of the diesel

engines and that are housed within their respective diesel engine compartments, and

those additional parts of the system that transfer the heat to a heat sink. The system

includes all valves, heat exchangers, pumps and piping up to the engine housing.

1. The PSB reviews the functional performance characteristics of the EDECWS and the

effects on those characteristics of adverse environmental occurrences, abnormal

operational requirements, accident conditions, and loss of offsite power.

2. The system is reviewed to determine that a malfunction or single failure of a

component, or the loss of a cooling source, will not reduce the safety-related

functional performance capabilities of the system. The PSB verifies that:

a. System components and piping have sufficient physical separation or shielding

to protect the system from internally- or externally-generated missiles and

from pipe whip and Jet impingement caused by cracks or breaks in high and

moderate energy piping.

b. System components are designed in accordance with the design codes required

by the assigned quality group and seismic category classifications.

c. The system is housed in structures designed to seismic Category I requirements.

d. Failures of non-seismic Category I structures and components would not affect

the safety-related functions of the EDECWS.
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3. The PSB reviews the design of the EDECWS with respect to the following:

a. Functional capability during periods of abnormally high water levels (the

probable maximum flood).

b. Capability to detect and control system leakage, including isolating portions of

the system in the event of excessive leakage or component malfunction.

c. Measures to preclude long-term corrosion and organic fouling that would degrade

system cooling performance, and the compatibility of any corrosion inhibitors or

antifreeze compounds used with the materials of the system.

d. The capacity of the EDECWS with regard to the manufacturer's recommended engine

temperature differentials under adverse operating conditions.

e. Provision of proper instruments and testing systems to permit operational

testing of the system.

f. Provisions to assure that normal protective interlocks do not preclude engine

operation during emergency conditions.

4. The PSB will determine the adequacy of design installation, inspection and testing of

all electrical components (sensing, control and power) required for proper operation

of the system, including interlocks.

5. The PSB will review the applicant's proposed technical specifications for operating

license applications as they relate to areas covered in this SRP section.

Secondary reviews will be performed by other branches and the results used by the PSB to

complete the overall evaluation of the system. The secondary reviews are as follows. The

SEB will determine the acceptability of the design analyses, procedures, and criteria used

to establish the ability of the Category I structures housing the system and supporting

systems to withstand the effects of natural phenomena such as a safe shutdown earthquake

(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will review the

seismic qualification testing of components and will determine that components, piping,

and structures are designed in accordance with applicable codes and standards. The MTEB

will verify that inservice inspection requirements are met for system components and, upon

request, will verify the compatibility of the materials of construction with service

conditions. The ASB will determine that the seismic and quality group classifications for

system components are acceptable. The ASB also determines that the EDECWS is in accordance

with Branch Technical Positions ASB 3-1 and MF.B 3-1 for cracks and breaks in high energy

and moderate energy piping system outside containment.
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II. ACCEPTANCE CRITERIA

Acceptability of the diesel engine cooling system design, as described in the applicant's

safety analysis report (SAR), is based on specific General Design Criteria and regulatory

guides. An additional basis for determining the acceptability of the system will be the

degree of similarity of the design with that for previously reviewed plants with satis-

factory operating experience. Listed below are the specific criteria as they relate to

the EDECWS.

The system is acceptable if the design is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the

system itself being capable of withstanding the effects of natural phenomena such as

earthquakes, tornadoes, hurricanes, and floods, as established in Chapters 2 and 3 of

the SAR.

2. General Design Criterion 4, with respect to structures housing the system and the

system itself being capable of withstanding the effects of external missiles and

internally-generated missiles, pipe whip, and Jet impingement forces associated with

pipe breaks.

3. General Design Criterion 5, as related to the capability of shared systems and

components important to safety being capable of performing required safety functions.

4. General Design Criterion 44, to assure:

a. The capability to transfer heat from systems and components to a heat sink under

transient or accident conditions.

b. Redundancy of components so that under accident conditions the safety function

can be performed assuming a single active component failure.

c. The capability to isolate components of the system or piping, if required to

maintain the system safety function.

5. General Design Criterion 45, as related to design provisions to permit periodic

inspection of safety-related components and equipment of the system.

6. General Design Criterion 46, as related to design provisions to permit appropriate

functional testing of safety-related systems or components to assure structural

integrity and leaktightness, operability and performance of active components, and

the capability of the system to function as intended under accident conditions.

7. Regulatory Guide 1.26, as related to the quality group classification of system

components.
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8. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

9. Regulatory Guide 1.68, as related to preoperational and startup testing of the diesel

engine cooling water system.

10. Regulatory Guide 1.102, as related to the protection of structures, systems and

components important to safety from the effects of flooding.

11. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

12. Branch Technical Positions ASB 3-1 atld MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.

13. Branch Technical Position ICSB-17 (PSB), as it relates to engine cooling water pro-

tective interlocks during accident conditions.

For those areas of review identified in subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of applica-

tion are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine that *
the design criteria and bases and the preliminary design as set forth in the preliminary Cza

safety analysis report meet the acceptance criteria given in subsection II. For the

review of operating license (OL) applications, the procedures are used to verify that the

initial design criteria and bases have been appropriately implemented in the final design

as set forth in the final safety analysis report. The procedures for OL reviews include a

determination that the content and intent of the technical specifications prepared by the

applicant are in agreement with the requirements for system testing, minimum performance,

and surveillance developed as a result of the staff's review.

The design of the diesel engine cooling water system may vary considerably from plant to

plant due to the requirements of various diesel engine manufacturers, the number and type

of secondary cooling loops used for heat removal, and the number of intermediate cooling

loops required to transfer the rejected heat to the ultimate heat sink. Variations in

design may also occur due to preferences of various architect-engineer firms. Therefore,

for the purpose of this SRP section, a typical system is assumed. Any variance in the

review procedure, to suit a particular design, will be such that the system review areas

in subsection I are covered, and the system will meet the criteria in subsection II.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.
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1. The SAR is reviewed to establish that the EDECWS description and related diagrams

clearly delineate system operation, individual and total heat removal rates required

by components, and the margin in the design heat removal rate capability. The

reviewer verifies the following:

a. Failure of a piping interconnection, as shown on system piping and instrumen-

tation diagrams (P&IDs), between subsystems does not cause total degradation of

the EDECWS. The results of failure modes and effects analyses are used as a

basis of acceptance.

b. Provisions have been made to permit inspection of components, as shown on system

layout drawings.

c. The performance and water chemistry of the EDECWS is in conformance with the

engine manufacturer's recommendations.

d. The engine "first try" starting reliability has been increased by providing an

independent loop for circulating heated water while the engine is in the standby

mode.

e. Temperature sensors have been provided to alert the operator when cooling water

temperatures exceed the limits recommended by the manufacturer. Protective

interlocks in this system are acceptable if the SAR indicates that the inter-

locks are in conformance with Branch Technical Position ICSB-17 (PSB).

2. The reviewer verifies that the EDECWS can be venteJ to assure that all spaces are

filled with water. Statements in the SAR to the effect that the system design

satisfies the above requirement are acceptable.

3. The reviewer verifies that system function will be maintained in the event of adverse

environmental phenomena and loss of offsite power. The reviewer evaluates the

system, using engineering judgment and the results of failure modes and effects

analyses to determine that:

a. Failure of non-essential portions of the system or of other systems not designed

to seismic Category I requirements and located close to essential portions of

the system, or of non-seismic Category I structures that house, support, or are

close to essential portions of the EDECWS, will not preclude essential functions.

Reference to SAR sections describing site features and the general arrangement

and layout drawings will be necessary, as well as the SAR tabulation of seismic

design classifications for structures and systems. Statements in the SAR to the

effect that the above conditions are met are acceptable.

b. The essential portions of the system are protected from the effects of floods,

hurricanes, tornadoes, and internally- and externally-generated missiles. Flood

protection and missile protection criteria are discussed and evaluated in detail

9.5.5-5 Rev. 1
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under the SRP sections for Chapter 3 of the SAR. A statement to the effect that

the system is located in a seismic Category I structure that is tornado missile

and flood protected, or that components of the system will be located in individual

cubicles or rooms that will withstand the effects of both flooding and missiles,

is acceptable.

4. The reviewer verifies that there are no high or moderate energy piping systems

located close to the EDECWS or that the EDECWS is protected from the effects of

postulated breaks in these systems. The means of providing such protection are given

in Chapter 3 of the SAR and procedures to review the information presented are given

in the SRP sections for that chapter.

5. The descr otive information, P&IDs, onsite emergency power supply drawings, and

system analyses are reviewed to assure that essential portions of the system will

function following design basis accidents, assuming a concurrent single active

component failure. ;ne reviewer evaluates the results of failure modes and effects

analyses presented in the SAR to ensure the functioning of required portions of the

system.

6. The performance requirements of the diesel engine are reviewed to determine the time

available to provide cooling water to the diesels and the other systems that have to

operate to assure onsite power capability.

7. The reviewer verifies that the EDECWS and the diesel generator can perform during

periods when less than full electrical power generation is required.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

"The emergency diesel engine cooling water system includes all piping, valves, heat

exchangers, and pumps up to the points where the cooling water piping connects to the

engine housings. The scope of review of the diesel engine cooling water system for

the plant included layout drawings, process flow diagrams, piping

and instrumentation diagrams, and descriptive information for the system and auxiliary

supporting systems that are essential to its operation. [The review has determined

the adequacy of the applicant's proposed design criteria and bases for the emergency

diesel engine cooling water system, and the requirements for continuous cooling

during all conditions of plant operation. (CP)] [The review has determined that the

design of the diesel engine cooling water system and auxiliary supporting systems is

in conformance with the design criteria and bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's

designs and design criteria for the diesel engine cooling water system and necessary

auxiliary supporting systems to the Commission's regulations as set forth in the

general design criteria, and to applicable regulatory guides, branch technical O

positions, and industry standards.
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"The staff concludes that the design of the diesel engine cooling water system con-

forms to all applicable regulations, guides, staff positions, and industry standards,

and is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases fer Protection

Against Natural Phenomena."

2. 10 CFR Part 5s, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 44, "Cooling Water System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection of Cooling Water

System."

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water

System."

7. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

8. Regulatory Guide 1.29, "Seismic Design Classification."

9. Regulatory Guide 1.68, "Initial Test Programs for Water Cooled Reactor Power Plants."

10. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

11. Regulatory Guide 1.117, "Tornado Design Classification."

12. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures in

Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.

13. Branch Technical Position ICSB-17 (PSB), "Diesel-Generator Protective Trip Circuit

Bypasses.'

9.5.5-7 Rev. 1



- - N I

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.6 EMERGENCY DIESEL ENGINE STARTING SYSTEM

REVIEW RESPONSIBILITILS

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Pechanical Engineering Branch (MEB)
.Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)

I. AREAS OF REVIEW

The PS8 review of the emergency diesel engine starting system EDESS includes those

system features necessary to assure reliable starting of the emergency diesel engine

following a loss of offsite power to assure conformance with the requirements of General

Design Criteria 2, 4 and 5. The review includes the system air compressors, air receivers,

devices to crank the diesel engine, valves, piping, filters, and associated ancillary

instrumentation and control systems.

1. The PS8 reviews the EDESS to verify that:

a. Each emergency diesel engine has reliable, redundant starting systems of

adequate starting capacity.

b. The system complies with appropriate seismic requirements and quality standards,

and has been properly designed, fabricated, erected, and tested.

c. Essential portions of the system are housed within :irunic Category I structures

capable of protecting the system from extreme natural phenomena, missiles, and

the effects of pipe whip or jet impingement from high and moderate energy pipe

breaks.

2. The PS8 will determine the adequacy of design, installation, inspection and testing

of all electrical components (sensing, control and power) required for proper

operation of the system, including interlocks.

3. The applicant's proposed technical specifications are reviewed for operating license

applications as they relate to areas covered in this SRP section.

USNRC STANDARD REVIEW PLAN

standa roi. ane we prepaed fee Me evidance of the Office of Nmear Reactor Regulation etff reapenelbMe fer the -evtew.of appHcationes to aenect and
ept T power plant Thee dacumenta we made available I* the public ea pan of the Cnmiselones polcy to Ierno the eemrie Induotty and the
gAne publc of vegulatcy prcedrwoe end pelliae. S1tsndard onIew plane ar net eubektwitee for tulaetoy guide$s or te cemmleaeonsetautts VWnd
asmplane mhi tem l beat reauired. The standard Art plan tient aw lkeyd to rAel. 2.d thetandrd nnt and Contet o Saety AnetleRepons
fer Nuclw Fewer Plant.. Not tet *ctalne of Oa Standard Permat have a crreeponding review plan.

Avbifhed etandrd review plane wil ba reid periedically. - appropriate, to accemnodte deammnts end to Musa 1t Mwfotan me apoernoe.

Cepee of etandard ev. Plans ma be obtined by mroet to the UAS u~ Rogulatowy Celsnelon. Wen. D.C. 2. Attention OMie of N r

ReactorReuten. Comnnte latnd egenewtlno forr ant w be derbdand eld alebe ent and. Ofced oNear Racto Reultvn.

Rev. 1



Secondary reviews are performed by other branches and the results used by the PS8 to

complete the overall evaluation of the system. The evaluations performed by others are

as follows. The SEB determines the acceptability of the design analyses, procedures,

and criteria used to establish the ability of structures housing the system to withstand

the effects of natural phenomena such as the safe shutdown earthquake (SSE), the probable

maximum flood (PMF), and tornado missiles. The MEB reviews the seismic qualification

testing of components and confirms that components, piping, and structures are designed

in accordance with applicable codes and standards. The ASB determines that the assigned

seismic and quality group classifications for system components are acceptable. The ASB

also determines that the EDESS is in accordance with Branch Technical Positions ASB 3-1

and MEB 3-1 for breaks in high energy and moderate energy piping systems outside

containment. The MTEB verifies that inservice inspection requirements are met for

system components and, upon request, will verify the compatibility of the materials of

construction with service conditions.

Ii. ACCEPTANCE CRITERIA

Acceptability of the diesel engine starting system, as described in the applicant's

safety analysis report (SAR), is based on specific general design criteria and regulatory

guides. An additional basis for acceptability is the similarity of the EOESS design

with that of previously reviewed plants having satisfactory operating experience.

The design of the EDESS is acceptable if the integrated design of the system is in

accordance with the following criteria:

I. General Design Criterion 2, as related to the ability of structures housing the

system to withstand the effects of natural phenomena such as earthquakes, tornadoes,

hurricanes, and floods, as established in Chapters 2 and 3 of the SAR.

2. General Design Criterion 4, with respect to structures housing the systems and

the system itself being capable of withstanding the effects of external missiles

and internally-generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to the capability of shared systems and

components important to safety to perform required safety functions.

4. Regulatory Guide 1.26, as related to quality group classification of the system

components.

5. Regulatory Guide 1.29, as related to the system seismic design classification.

6. Regulatory Guide 1.68, as related to preoperational and startup testing of the air

starting system.

7. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping systems outside containment.
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8. Branch Technical Position ICSB-17 (PSB), as related to engine air starting

system protective interlock during accident conditions.

9. The EDESS should also meet the following specific criteria:

a. Each diesel engine should be provided with an air compressor and with independent

and redundant starting systems, each consisting of two air receivers, injection

lines and valves, and devices to crank the engine.

b. As a minimum, each of the redundant starting systems should be capable of

cranking a cold diesel engine five times without recharging the receivers.

Each cranking cycle duration should be approximately three seconds, or consist

of two to three engine revolutions, %Whichever cranking cycle time interval is

larger.

c. Alarms should be provided which alert operating personnel if the air receiver

pressure falls below the minimum allowable value.

d. Provisions should be made for the periodic or automatic blowdown of accumulated

moisture and foreign material in the air receivers.

For those areas of review identified in subsection I of this SRP section as being

the responsibility of other branches, the acceptance criteria and their methods of

application are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the prelimi-

nary safety analysis report meet the acceptance criteria given in subsection II. For the

review of operating license (OL) applications, the procedures are used to verify that

the initial design criteria and bases have been appropriately implemented in the final

design as set forth in the final safety analysis report. The review procedures for OL

applications include a determination that the content and intent of the technical speci-

fications prepared by the applicant are in agreement with the requirements for system

testing, minimum performance, and surveillance developed during the review. The reviewer

will select and emphasize material from the paragraphs below, as may be appropriate for

a particular case.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

1. The reviewer establishes that the EDESS description and piping and instrumentation

drawings (P&IOs) clearly delineate all modes of operation and include the means for

monitoring, indicating, and controlling receiver air pressure as required by the

engine starting service. The P&IOs are reviewed to determine that each receiver

has been provided with a pressure gauge, relief valve, drain valve, an automatic
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means of maintaining the receiver pressure within an allowable range, and suitable

low pressure alarms. If there are piping interconnections between shared systems,

they are reviewed to verify that failure could not lead to the loss of starting of

more than one diesel engine. The building layout drawings are examined to ascertain

that sufficient space has been provided around the components to permit inspection.

The reviewer verifies that essential portions of the EDESS are classified seismic

Category I.

2. The SAR is reviewed to assure that each diesel engine has its own compressor and

that the compressor capacity is adequate with respect to the air receiver capacities

of the redundant starting systems.

3. The reviewer verifies that the system has been designed to be operated and maintained

in the event of adverse environmental conditions such as hurricanes, tornadoes, or

floods, and is protected against the effects of internally- or externally-generated

missiles.

4. The reviewer determines that the failure of non-seismic Category I systems, structures,

or components located close to the EDESS will not preclude operation of the system.

5. The reviewer determines that essential portions of the EDESS are protected from the

effects of high and moderate energy line breaks. Layout drawings are reviewed to

assure that no high or moderate energy piping systems are close to the system, or

that protection from the effects of failure are provided. The means of providing

such protection are discussed in Section 3.6 of the SAR and the procedures for

reviewing this information are given in the corresponding SRP sections.

6. The SAR information, P&IDs, related system drawings, and failure modes and effects

analyses are reviewed to assure that minimum requirements of the system will be met

following design bases accidents, assuming a concurrent single active failure and

loss of offsIte power. The analyses presented in the SAR are reviewed to assure

function of required components following postulated accidents. Utilizing the des-

criptions, related drawings, and analyses, the reviewer verifies that minimum

system requirements are met for each degraded situation over the required time

spans. For each case the design is considered acceptable if minimum system require-

ments are met.

IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions of

the following type, to be included in the staff's safety evaluation report:

"The emergency diesel engine starting system includes the features necessary to assure

that the system will be available and capable of starting the diesel engine following

a loss of offsite power. The scope of review of the system for the
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plant included layout drawings, flow diagrams, piping and Instrumenta-
tion diagrams, and descriptive information for the emergency diesel engine starting

system and supporting systems essential to its operation. [The review has determined

the adequacy of the applicant's proposed design criteria &nd design bases for the

system, and the provisions necessary for diesel engine starting during all conditions

of plant operation. (CP)] (The review has determined that the design of the

emergency diesel engine starting system and supporting systems is in conformance

with the design criteria and bases. (OL)]

"The basis for acceptance in the review has been conformance of the applicant's

designs and design criteria for the emergency diesel engine starting system and

necessary supporting systems to the Commission's regulations as set forth in the

General Design Criteria, and to applicable regulatory guides, staff technical

positions, and industry standards.

"The staff concludes that the design of the emergency diesel engine starting system

conforms to all applicable regulations, guides, staff positions, and industry

standards, and is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, "Seismic Design Classification."

6. Regulatory Guide 1.68, "Initial Test Programs for Water Cooled Reactor Power

Plants."

7. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.

8. Branch Technical Position ICSB-17 (PSB), "Diesel Generator Protective Trip Circuit

Bypasses," attached to SRP Appendix 8-A.
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' ' U.S. NUCLEAR REGULATORY COMMISSION

CTI ; STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

SECTION .5 57 EMERGENCY DIESEL ENGINE LUBRICATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PS8)

Secondary - Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Auxiliary Systems Branch (ASB)

I. AREAS OF REVIEW

The emergency diesel engine lubrication system (EDELS) provides essential lubrication

to the components of the emergency diesel engines. The PS8 reviews the EDELS and

associated auxiliary systems to assure conformance with the requirements of GDC 2, 4

and S. The review includes system piping, pumps, components, and associated ancillary
equipment essential for system operation up to the engine housing.

1. The PSB reviews the characteristics of the EDELS and system components with

respect to the effect on functional performance of adverse environmental occurrences,

abnormal operational requirements, and accident conditions.

2. The PSB determines that a malfunction or failure of a component, or the loss of
a cooling source does not reduce the safety-related functional performance

capabilities of the emergency powered systems. Further, the PSB review assures

that:

a. System components and piping have sufficient physical separation or barriers

to protect the system from internally and externally generated missiles.

b. The system is protected from the effects of pipe cracks or breaks in high

and moderate energy piping.

c. System components are designed in accordance with the t2sign codes required

by the assigned quality group and seismic category classifications.

d. The system is housed in structures designed to seismic Category I require-

ments.

e. Failure of non-seismic Category I structures or components will not affect

the safety-related functions of the system.
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3. The PSB will also feview the design of the EDELS with respect to the following: I

a. Functional capability during abnormally high site water levels (probable

maximum flood).

b. Capability for detection and control of system leakage.

c. Measures to assure the quality of the lubricating oil.

d. Capability for isolating portions of the system in the event of excessive

leakage or component malfunction.

e. Instrumentation and control features provided to permit operational testing

of the system and to assure that normal protective interlocks do not preclude

engine operation during emergency conditions.

4. The PSB will determine the adequacy of the design, installation, inspection and

testing of all electrical components (sensing, control, and power) required for

proper operation of the system, including interlocks.

5. The PSB will review the applicant's proposed technical specifications for operating I
license applications as they relate to areas covered in this SRP Section.

Secondary reviews will be performed by other branches and the results of their reviews

will be used by the PS6 to complete the overall evaluation of the system. The secondary

reviews are as follows. The SEE will determine the acceptability of the design

analyses, procedures, and criteria used to establish the ability of seismic Category

I structures housing the system and supporting systems to withstand the effects of

natural phenomena such as the safe shutdown earthquake (SSE), the probable maximum

flood (PMF), and tornado missiles. The MEB will review the seismic qualification

testing of components and will determine that the components, piping, and structures

are designed in accordance with applicable codes and standards. The ASB will determine

that the seismic and quality group classifications for system components are acceptable.

The ASB also determines that the EDELS is in accordance with Branch Technical Position

ASB 3-1 and MEB 3-1 for breaks in high energy and cracks in moderate energy piping

systems outside containment. The MTEE will verify that inservice inspection require-

ments are met for system components and, upon request, will verify the compatibility

of the materials of construction with service conditions.

II. ACCEPTANCE CRITERIA

Acceptability of the emergency diesel engine lubrication system, as described in the

applicant's safety analysis report (SAR), is based on specific general design criteria

and regulatory guides. The reviewer will also utilize information obtained from

other sources such as other federal agencies, published reports, industry standards,

military specifications, and technical literature on commercially available products.
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An additional basis for the acceptability of the system will be the degree of similarity

with systems in previously reviewed plants with satisfactory operating experience.

The design of the EDELS is acceptable if the integrated design of the system is in

accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and

the system itself being capable of withstanding the effects of natural

phenomena such as earthquakes, tornadoes, hurricanes, and floods, as established

in Chapters 2 and 3 of the SAR.

2. General Design Criterion 4, with respect to structures housing the system and

the system itself being capable of withstanding the effects of external missiles

and internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important

to safety being capable of performing required safety functions.

4. Regulatory Guide 1.26, as related to quality group classification of the system

components.

5. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

6. Regulatory Guide 1.68, as related to preoperational and startup testing of the

diesel engine lubrication oil system.

7. Regulatory Guide 1.102, as related to the protection of structures, systems and

components important to safety from the effects of flooding.

8. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

9. Branch Technical Positions ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping outside containment.

10. Specific design criteria as follows:

a. The operating pressure, temperature differentials, flow rate, and heat

removal rate of the system external to the engine are in accordance with

recommendations of the engine manufacturer.

b. The system has been provided with sufficient protective measures to maintain

the required quality of the oil during engine operation.
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c. Protective measures (such as relief Parts) have teen taken to prevent

unacceptable crankcase explosions and to nitigate the conseoe.nces of such

an event.

d. The temperature of the lubricating oil is automatically maintained above a

minimum value by means of an independent recirculation loop including its

own pump and heater, to enhance the "first try" starting reliability of the

engine in the standby condition.

11. Branch Technical Position ASB 9.5-1, as related to lube oil system fire protection.

12. Branch Technical Position ICSB-17 (PSB), as it relates to diesel engine lubrication

system protective interlocks during accident conditions.

For those areas of review identified in Subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine

that the design criteria and bases and the preliminary design as set forth in the

preliminary safety analysis report meet the acceptance criteria given in subsection

II. For the review of operating license (OL) applications, the procedures are

utilized to verify that the initial design criteria and bases have been appropriately

implemented in the final design as set forth in the final safety analysis report.

The OL review includes a determination that the content and intent of the technical

specifications prepared by the applicant are in agreement with the requirements for

system testing, minimum performance, and surveillance developed as a result of the

staff's review.

Upon request from the primary reviewer, the secondary review branches will provide

input for the areas of review stated in Subsection I. The primary reviewer obtains

and uses such input as required to assure that this review procedure is complete.

The reviewer will select and emphasize material from this SRP section as may be

appropriate for a particular case.

1. The SAR is reviewed to establish that the EDELS description and related diagrams

clearly delineate system operation, including the means provided for indicating

and monitoring oil levels, temperatures, and pressures required for continuous

operation of the system. The reviewer verifies the following:

40
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a. Failure of a piping interconnection, as shown on the system piping and

instrumentation diagrams (P&IDs) between subsystems will not cause total

degradation of the lube oil system function. The results of failure modes

and effects analyses will be used In this determination.

b. The system layout drawings are examined to ascertain that sufficient space

has been provided to permit inspection of components.

c. The system has been designed to preclude the entry of deleterious material

into the system due to operator error or extreme natural phenomena during

recharging or normal operation. The system is acceptable if it is shown in

the SAR that the system is locked closed, or if entry is administratively

controlled.

d. The design contains an independent circulation loop to maintain the tempera-

ture of the crankcase oil above a minimum value during the standby mode.

e. The system P&IDs indicate the temperature, pressure, and level sensors

which alert the operator when these parameters exceed the ranges recommended

by the engine manufacturer.

f. Essential portions of the EDELS are classified seismic Category I.

2. The reviewer determines that the system is designed to maintain function under

adverse environmental phenomena. The reviewer, using engineering judgment and

the results of failures modes and effects analyses, determines that:

a. The failure of systems not designed to seismic Category I requirements or

of non-seismic Category I structures that house, support, or are close to

the EDELS, will not preclude functioning of the system. Chapters 2 and 3 of
the SAR describe related site features and provide the general structural
arrangement and layout drawings and a tabulation of seismic design classifi-
cations for the structures and systems. Statements in the SAR to the

effect that the above design requirements are met are acceptable.

b. The essential portions of the system are protected from the effects of

floods, hurricanes, tornadoes, and internally and externally generated

missiles.

3. The review verifies that the EDELS is protected from the effects of breaks in

high and moderate energy lines. The system description in the SAR is reviewed

to verify that there are no high or moderate energy piping systems close to the

lube oil system, or that protection from effects of failure will be provided.

The means of providing such protection are given in Chapter 3 of the SAR and
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procedures to review the information presented are given in the corresponding

SRP sections.

4. The descriptive information, P&IDs, r.'ated system drawings, and system analyses

in the SAR are reviewed to assure that essential portions of the system will

function following design basis accidents, assuming a concurrent single active

component failure. The reviewer evaluates the results of failure modes and

effects analyses presented in the SAR to assure functioning of required components,

traces the availability of these components on system drawings, and checks that

minimum system requirements are met for each degraded situation over required

time spans. For each case, the design is acceptable if minimum system requirements

are met.

IV. EVALUATION FINDINGS
The reviewer verifies that sufficient information has been provided and his review

supports conclusions of the following type, to be included in the staff's safety

evaluation report:

"The emergency diesel engine lubrication system includes the pumps, heat exchangers,

valves, piping, makeup piping, and the points of connection or interfaces with

other systems. The scope of review of the emergency diesel engine lubrication

system for the plant included layout drawings, flow

diagrams, piping and instrumentation diagrams, and descriptive information for

the system and supporting systems that are essential to its operation. [The

review has determined the adequacy of the applicant's proposed design criteria

and bases for the emergency diesel engine lubrication system and the requirements

for system performance under all conditions of plant operation. (CP)] [The

review has determined that the design of the emergency diesel engine lubrication

system and auxiliary supporting systems is in conformance with the design criteria

and bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's

designs and design criteria for the emergency diesel engine lubrication system

and necessary supporting systems to the Commission's regulations as set forth in

the general desion criteria, and to applicable regulatory guides, staff technical

positions, and industry standards.

"The staff concludes that the design of the emergency diesel engine lubrication

system conforms to all applicable regulations, guides, staff positions, and

industry standards, and is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Desfgn Bases for Protection

Against Natural Phenomena."
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2. 10 CFR Part 50, Appendix A, General Design Criterion 4, 'Environmental and
Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water,
Steam, and Radioactive-Waste-Containing Components of Nuclear Power Plants."

S. Regulatory Guide 1.29, "Seismic Design Classification."

6. Regulatory Guide 1.68, "Initial Test Programs for Water Cooled Reactor Power
Plants."

7. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

8. Regulatory Guide 1.117, "Tornado Design Classification."

9. Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to the SRP Sect0on
3.6.1, and MEB 3-1, "Postulated Break and Leakage Locations in Fluid System
Piping Outside Containment," attached to SRP Section 3.6.2.

10. Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear
Power Stations" (attached to SRP 9.5-1).

11. Branch Technical Position ICSB-17 (PSB), "Diesel-Generator Protective Trip Circuit
Bypasses," attached to SRP section Appendix BA.
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NUREG-75/087

W* ",'. U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN
0 *° OFFICE OF NUCLEAR REACTOR REGULATION

t**

SECTION 9.5.8 EMERGENCY DIESEL ENGINE COMBUSTION AIR INTAKE
AND EXHAUST SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary * Auxiliary Systems Branch (ASB)
.Ltuctural Engineeing Branch (SEB)
Mecrianical Engineering Branch (MEB)
Materials Engineering Blanch (MTEB)

I. AREAS Of REVIEW
The emergency diesel engine combustion air intake and exhaust system (EDECAIES) supplies

combustion air of reliable quality to the diesel engines, and exhausts the products of com-

bustion from the diesel engines to the atmosphere. The PSB reviews the system from the

outside air intake to the combustion air supply lines connected to the diesel engines, and

from the exhaJst connections at the diesel engines to the discharge point outside the

building to assure conformance with General Design Criteria 2, 4 and 5.

1. The PSB reviews the EDECAIES to verify that:

a. The system design meets appropriate seismic design classification requirements

and the components are desiqned, fabricated, erected. and tested to acceptable

quality standards.

b. The essential portions of the system are housed in or on a seismic Category I

structure that is capable of protecting the system from extreme natural phenomena

and external missiles.

c. Each diesel engine has an independent combustion air intake and exhaust system.

d. The consequenes of a single active failure in an engine combustion air intake

or exhaust system will not lead to the loss of function of more than one diesel

generator.

2. The PSB will determine the adequacy of the design, installation, inspection

and testing of all electrical systems (sensing, control and power) required

for proper system operation.

USNRC STANDARD REVIEW PLAN
Stendard revibw piAns ore prepared for the guidance of the Office ot Nuclear Reactte R1ep lian st Mall responsible for Ike rieow of applicaions to construct and
operate puct.. power plants. These docurn.mt era med. available to the pubhe as Voa of the Comm.,sions podcy to infoenn the eucile Industry and the
generel ptblic of regulene.y preceduret end policies. Standad review plaers are mot subattlutes for regulatsry guides of the Cafmisiondse regulations end

Ip ifle. wtthe.si t net r qui et d ae kyed to Revision 2 of the Standaid Femat end Contert of Safety AtoAyti Report,
fo Rutcker Powrer stats. mot on aectiane af the Standard Fennte have a corresponding review Plen.

Published standard plans ta N be revised periodicaly. aT appropriate, to e acco sOdat CommeMnts and to reflect new Infenn tlior end epariene.

Comments and auggtient for irprovement wim be considered and shouvd be sent to the U.1 PtArcla*r Regulatory Coma iston.0tce of Nattfea Reactor
RIguiatign. Washington. D.C. mu
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3. The applicant's proposed technical specifications are reviewed by PSB for

operating license applications, as they relate to areas covered in this

SRP section.

Secondary reviews will be performed by other branches and the results used by the PSB to

complete the overall evaluation of the system. The secondary reviews are as follows. The

SEB will determine the acceptability of the design analyses, procedures, and criteria used

to establish the ability of seismic Category I structures housing the system and supporting

systems to withstand the effects of natural phenomena such as the safe shutdown earthquake

(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will review the

seismic qualification of components and confirm that system components, piping, and struc-

tures are designed in accordance with applicable codes and standards. The ASB will deter-

mine that the seismic and quality group classifications for system components are acceptable.

The ASB also determines that the EDECAIES is in accordance with Branch Technical Position

ASS 3-1 and MES 3-1 for cracks and breaks in high energy and moderate energy piping

systems outside containment. The MTEB will verify that inservice inspection require-

ments are met for system components and, upon request, will verify the compatibility

of the materials of construction with service conditions.

It. ACCEPTANCE CRITERIA

Acceptability of the design of the emergency diesel generator combustion air intake and

exhaust system, as described in the applicant's safety analysis report (SAR), is based on

specific general design criteria and regulatory guides. An additional basis for determining

the acceptability of the EDECAIES will be the degree of similarity of the design with that |

for previously reviewed plants with satisfactory operating experience.

The design of the EDECAIES is acceptable if thewintegrated design of the system is in

accordance with the following criteria:

1. General Design Criterion 2, as related to the ability of structures housing the system

and system components to withstand the effects of natural phenomena such as earthquakes,

tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the systems and the

system components being capable of withstanding the effects of external missiles and

internally generated missiles, pipe whip, and jet impingement forces associated with

pipe breaks.

3. General Design Criterion 5, as related to shared systems and components important to

safety being capable of performing required safety functions.

4. Regulatory Guide 1.26, as related to quality group classification of the system

components.

Rev. I 9.5.8-2



5. Regulatory Guide 1.29, as related to the seismic design classification of system

components.

6. Regulatory Guide 1.68, as related to preoperatlonal and startup testing of the

combustion air and exhaust system.

7. Regulatory Guide 1.102, as related to the protection of structures, systems and

components important to safety from the effects of flooding.

8. Regulatory Guide 1.117, as related to the protection of structures, systems and

components important to safety from the effects of tornado missiles.

9. Each emergency diesel engine should be provided with an independent and reliable com-

bustion air intake and exhaust system. The system should be sized and physically

arranged such that no degradation of engine function will be experienced when the diesel

generator set is required to operate continuously at the maximum rated power output.

10. The combustion air intake system shall be provided with a means of reducing airborne

particulate material over the entire time period that emergency power is required

assuming the maximum airborne particulate concentration at the combustion air intake.

11. Suitable desiko. precautions have been taken to preclude degradation of the diesel engine

power output due to exhaust gases and other dilutents that could reduce the oxygen

content below acceptable levels.

12. Branch Technical Position ASB 3-1 and MEB 3-1, as related to breaks in high and

moderate energy piping outside containment.

13. Branch Technical Position ICSB 17 (PSB), as it relates-to diesel engine air intake

and exhaust system protective interlocks during accident conditions.

For those areas of review identified in Subsection I of this SRP section as being the

responsibility of other branches, the acceptance criteria and their methods of application

are contained in the SRP sections corresponding to those branches.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine that

the design criteria and bases and the preliminary design as set forth in the preliminary

safety analysis report meet the acceptance criteria given in Subsection II. For the

review of operating license (OL) applications, the procedures are utilized to verify

that the initial design criteria and bases have been appropriately implemented in the

final design as set fortn in the final safety analysis report.

The review procedures for OL applications include a determination that the content and

intent of the technical specifications prepared by the applicant are in agreement with
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the requirements for system testing, minimum performance, and surveillance developed as

a result of the staff's review.

Upon request from the primary reviewer, the secondary review branches will provide input

for the areas of review stated in Subsection I. The primary reviewer obtains and uses

such input as required to assure that this review procedure is complete.

The reviewer will select and emphasize material from the paragraphs below, as may be

appropriate for a particular case.

1. The SAR is reviewed to determine that the EDECAIES description and related diagrams'

clearly delineate the system components and the modes of system operation. The

reviewer verifies that essential portions of the ECECAIES are designed to appropriate

seismic and quality group classification standards.

2. The SAR is reviewed to ascertain that sufficient space has been provided around the

components to permit inspection of the system components.

3. The SAX is reviewed to assure that the arrangement and location of the combustion air

intake and exhaust are such that dilution or contamination of the intake air by exhaust

products or other gases that may intentionally or accidentally be released on site

will not preclude operation of the diesel engines at rated power output.

4. The bAR is reviewed to verify that if the intake air flow or engine exhaust is

dependent upon the actuation of flow control devices (louvers, dampers), the EDECAIES|

will function if there is a failure of an active component.

5. The SAR is reviewed to assure that system components exposed to atmospheric condi-

tions (rain, ice, snow) are protected from possible clogging during standby or opera-

tion of the system.

6. The review verifies that the system will function as required in the event of other

adverse natural phenomena. The reviewer evaluates the system, using engineering

judgment and failure modes and effects analyses to determine that:

a. The failure of nonessential portions of the system or of other systems not

designed to seismic Category I requirements and located close to essential por-

tions of the system, or of non-seismic Category I structures that house, support,

or are close to essential portions of the EDECAIES, will not preclude operation |

of the system. Reference to SAR sections describing site features and the general

arrangement and layout drawings will be necessary, as well as the SAR tabulation

of seismic design classifications for structures and systems. Statements in the

SAR that verify that the above conditions are met are acceptable.
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b. The essential portions of the system are protected from the effects of floods,

hurricanes, tornadoes, and internally or externilly generated missiles. Flood

protection and missile protection criteria are discussed and evaluated in detail

under the SRP sections for Chapter 3 of the SAR. The location and the

design of the systems and structures are reviewed to determine that the degree of

protection provided is adequate. A statement to the effect that the system is

located in a seismic Category I structure that is tornado missile and flood

protected, or that components of the system will be located in individual

cubicles or rooms that will withstand the effects of both flooding and missiles

is acceptable.

c. The essential portions of the system are protected from the effects of high

and moderate energy line breaks. Layout drawings are reviewed to assure that

no high or moderate energy piping systems are close to the essential portions

uf the system, or that protection from the effects of failure will be provided.

The means of providing such protection will be given in Section 3.6 of the SAR

and procedures for reviewing this information are given in the corresponding

SRP sections.

7. The descriptive information, P&Ds, EDECAJES layout drawings, and failure modes and

effects analyses in the SAR are reviewed to assure that functional requirements of

the system will be met following design basis accidents assuming a concurrent single

active component failure. The reviewer evaluates the effects of failure of components,

traces the availability of redundant components on system drawings, and checks that

the SAR contains verification that the system functional requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

"The emergency diesel generator combustion air intake and exhaust system (EDECAIES)

includes all components and piping of the air intake system from the atmospheric air

intake to its connection to the engine and all components and piping of the exhaust

system from its connection to the engine to the point where it exhausts to the atmo-

sphere. The scope of the review of the EDECAIES for the plant includedi

layout drawings, piping and instrumentation diagrams, and descriptive information for

the system and auxiliary supporting systems that are essential to its safe operation.

[The review has determined the adequacy of the applicant's proposed design criteria

and bases for the emergency diesel generator combustion air intake and exhaust system

and requirements for safe operation of the system during normal, abnormal and accident

conditions. (CP)] EThe review has determined that the design of the emergency diesel

generator combustion air intake and exhaust system and auxiliary supporting systems is

in conformance with the design criteria and bases. (OL)]
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"The basis for acceptance in the staff review has been conformance of the applicant's

designs, design criteria, and design bases for the emergency diesel generator combus-

tion air intake and exhaust system and its supporting systems to the Commission's regu-

lations as set forth in the general design criteria, and to applicable regulatory guides

branch technical positions, and industry standards.

"The staff concludes that the design of the emergency diesel generator combustion air

intake and exhaust system conforms to all applicable regulations, guides, staff posi-

tions, and industry standards, and is acceptable."

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection

Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, 'Environmental and Missile

Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-, Steam-,

and Radioactive-Waste-Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, "Seismic Design Classification."

6. Regulatory Guide 1.68, "Initial Test Programs for Water-Cooled Reactor Power 6
Plants."

7. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

8. Regulatory Guide 1.117, "Tornado Design Classification."

9. Branch Technical Positions ASB 3-1, "Protection Against Postulate4 Piping Failures

in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"Postulated Break and Leakage Locations in Fluid System Piping Outside Containment,"

attached to SRP Section 3.6.2.

10. Branch Technical Position ICSB-17 (PSB) Diesel-Generator Protective Trip Circuit

Bypasses.
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