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SECTION 8.1 ELECTRIC POWER - INTRODUCTION

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)
Containment Systems Branch (CSB)
Instrumentatfon and Control Systems Branch (ICSB)
Reactor Systems Branch (RSB)
1.  AREAS OF REVIEW
The PSB reviews the spplicant'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 2)so 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, ICSE and RSB) review the listing of safety
loads for completeness, f.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 {s transmitt.-d to PSB.

11. ACCEPTANCE CRITERIA
The description of the power grid and offsite power system {s acceptable when 1t 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 fdentified.

Table 8-1, "Acceptance Criteria for Electric Power,” 1ists the criteriz currently
applied by the staff to safety-related electric power systems. Implementaticn cf these
criteria will provide assurance that safety-related electric power systems will perform
desfgn safety functions as required. The applfcant's list of design criteria for
safety-related electric power systems is acceptable if it fncludes the ftems in

Table 8-1, and i{ the SAR contains a statement to the effect that these criterfa will
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111,

be implemented (at the construction permit stage) or are implemented (at the operating

Ticense stage) 1n 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 technica) spedifications are that
the 1imiting conditions for operation (LCOs) are such that sufficient equipment will be
avaflable for operation to meet the single failure criterion; that equipment outages,
permissible for a short period of time, sti)) leave availadble 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 {f the available electric power
sources are less than the LCO are discussed in Regulatory Guide 1.83.

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 fnterconnections 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); fdentifica-
tioh of the safety lcads (i.e., the systems and devices that require electric power to
perform safety functions); identificatfon 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 discussfon describing the extent to which these
criteria are followed and & positive statement with regard to conformance of the design
toc 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 1. The primary reviewer obtains and
uses such input as required to assure that this review procedure §s complete.

The review is performed as follows:

1. PSB will establish that the utilfty grid is adequately described, and that the
interconnections between the nqcleir unit, the utility grid, and other grids are
clearly defined. The descriptions should state whether faciliities are exfsting or
planned; if planned, the respective completion dates should be provided. The
descriptions should not conflict with the more detailed informatfon in subsequent
sections of Chapter 8 of the SAR, and may reference these sectfions.

Rev. 1 8.1-2



PSB confirms that the description of the onsite power system (standby power system)
is not in conflict with the more detajled information on this system in subsequent
sections of Chapter 8, and descripticns may reference these sections.

PSB will establish that al) the devices and systems that require electric power to
perform safety functions are identified, and that this 1dent1f1catfon does not
conflict with the more detafled information provided in other sections of the SAR,
particularly in Chapters 7 and 8. The definitions of safety-related systems in
SRP Section 7.1 should be used as an &id 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 lJoads. 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.

The secondary review branches (ASB, CSB, ICSB and RSB) wil) confirm the fdentifi-
cation of all safety 1oads'w1th1n their vrespective areas of primary review respon-
sibility. 1If loads other than those {identified are deemed to be safety-related,
this information should te transmitted to PSB.

PSB will confirm that the criteria identified as befing applicable to the desfgn of
safety-related electric power systems include those Yfsted in Table 8-1. This
will assure that the identification requirements of General Design Criterion

(GDC) 1 of Appendix A to 10 CFR Part 50 are met. GDC 1 also requires that “struc-
tures, systems and components important tc 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 {nclude a discussion
regarding the applicability of the criteria Yisted 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.

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 Yimiting safety system settings and the
limiting conditions for operation, including the proposed time Vimits and
reactor operating restrictions for pericds when system equipment is {noperable
due to repairs and maintenance.

b. Verify that the frequency and scope ot perfodic surveillance testing fs

adequate.
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V.  REFERENCES: None

Rev. 1

For & construction permit {(CP) review, it is only necessary to confirm that the appli-
cant has fdentified those variables, conditicns, or other ftems wt'ch have been deter-
nined to be probable subjects of the technical specifications (see 10 CFR 50.34(2)(5)).
The applicant's justification for the selection of those ftems 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 azppropriate, included in that portion of the staff's
evaluation findings pertaining to the design of the affected systenms,

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

PS8 areas of review, 2 check {s made that the limiting conditions for operation (LCO)
correspond to the surveillance requirements; {.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 15 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
fmplemented if the available electric power sources have less than the LCO are
presented in Regulatory Guide 1.93,

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

revicw 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 {s concluded that
desfgn and construction of safety-related electric power systems in accordance
with the criteria provide assurance that these systems will perform as designed."

8-1-4




TABLE 8-1
ACCEPTANCE CRITERIA FOR ELECTRIC POWER

Table 8-1 identifies the acceptance criteria and their applichbflity 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 3-A to Chapter 8 of the SRP.

8.1-5 Rev. 1
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CCEPTANCE CRITERIA FOR ELECTRIC POWER - TABLE 8-}

CRITERIA

TITLE

10 CFR Part 50

10 CFR $50.34

Contents of Applications: Technical Information

b.

10 CFR $50.36

Technical Specifications

C.

10 CFR $50.55a

Codes and Standards

General Pesign Criteria (GDC),
Appendix A to 10 CFR Part 50

Quality Standards and Records

9-L'8

a.
h. Design Bases for Protection Against Natural

Phenomena X X X X
c. Fire Protection X | x| X X
q. Environmental and Missile Design Bases X | x| X X
e. Sharing of Structures, Systems, and Components X X X X
f. Instrumentation and Control X ] x| x X
g. Electric Power Systems X X X
h. Inspection and Testing of Electrical Power

Systems X X X
i. Protection System Relfability and Testability
J. Protection System Independence

>
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TABLE 8-1 (CONTINUED)

APPLICABILITY [SAR Section)

CRITERIA TITLE 8.1] 8.2¢ 8.3.1 8.3.2 REMARKS

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

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

m. GDC-35 Emergency Core Cooling X X X

n. GDC-38 Containment Heat Removal X X X

o. GOC-41 - Containment Atmosphere Cleanup X X X X

p. GDC-44 Cooling HWater 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 §50.55a(h)

and Regq.
Guide 1.62

b. IEEE Std 308 Criteria for Class 1E Electric Systems for X X X X See Reg,
Nuclear Power Generating Stations Guide 1.32

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

d.- [IEEE Std 323 Standard for Qualifying Class 1E 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 1E 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

g. 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)

PYLICABILTTY (SAR section

Installation of Large Lead Storage Batteries for
Nuclear Power Plants

CRITERIA TITLE 8.118.218.3.1 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
1. 1EEE Std 379 (ANSI N41.2) 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 Reqg.
Electric Valve Operators for Nuclear Power Guide 1.73
Generating Stations (ANSI N416)
k. IEEE Std 383 Standard for Type Test of Class 1€ Electric Cable X X X
Field Splices, and Connections for Nuclear Power
Generating Stations
1.  IEEE Std 384 (ANSI MN41,14) | Criteria for Separation of Class 1E Equipment X X X See Reg.
K -1 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 1E Power Systems for Nuclear Power
Generating Stations, IEEE Guide for
o. IEEE Std 420 Trial-Use Guide for Class 1E Control Switchboards X X X
for Nuclear Power Generating Stations (ANSI N41.7)
p. 1EEE 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 5td 484 Recommended Practice for Installation Design and X b ¢ See Req.
Guide 1.128




TA -1 {CONTINUED .
. B s { : APPLICABILITY [SAR Section)
CRITERIA TITLE .1] 8.2} B.3.1 B.3.C REMARKS

|
4, Regulatory Guides (RG) L

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

b. R61.9 Selection of Diesel Generator Set Capacity for X X

Standby Power Supplies
c. RG1.29 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. RG1.32 Use of IEEE Std 308, "Criteria for Class 1E 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
5 9. RG1.41° Preoperational Testing of Redundant Onsite Electric x | 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 LI X
Nuclear Power Plant Protection Systems .
J. RG 1.63 Electric Penetration Assemblies in Containment X X y
Structures for Water-Cooled Nuclear Power Plants
k. RG 1.68 Preoperational and Initial Startup Test Programs X X X X
for HWater-Cooled Power Reactors
“ x
H n
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TABLE 8-1 (CONTINUED)

L *A9y
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~ [ APPLICABIL SAR Section)
CRITERIA TITLE . 8.3.2
1. RG1.70 Standard Format and Content of Safety Analysis X
Reports for Nuclear Power Plants
m. RG1.73 Qualification Tests of Electric Valve Operators
Installed Inside the Containment of Nuclear Power
Plants
n. RG1.75 Physical Independence of Electric Systems X
o. RG1.81 Shared Emergency and Shutdown Electric Systems for X
Multi-Unit Nuclear Power Plants
p. RG 1.89 Qualification of Class 1E Equipment for Nuclear X
: Power Plants
9. RG1.93 Availability of Electric Power Sources X
r. RG 1.100 Seismic Qualification of Electric Equipment for X
Nuclear Power Plants
s. RG 1.106 Theymal Overload Protection for Electric Motors
on Motor-Operated Valves
t. RG 1.108 Periodic Testing of Diesel Generators Used As Onsite
Power Systems at Nuclear Power Plants
v. RGLMNI8 Per{odic Testing of Electric Power and Protection Systems X
v. RG 1.120 Fire Protection Guidelines for Nuclear Power Plants X
w. RG 1.128 Installation Design and Installation of Large Lead X
Storage Batteries for Nuclear Power Plants
x. RG 1.129 Maintenance, Testing and Replacement of Large Lead X

Storage Batteries for Nuclear Power Plants

T
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TABLE 8-1 (CONTINUED)

| _APPLICABILITY (SAR Section)
CRITERIA TITLE .1] 8.2] 8.3. 8.3.2 | REMARKS
5. Branch Technical

Positions (BTP) 1CSB

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 I1CSB 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 2! Guidance for Application of RG 1.47 X1 x X X
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SECTION 8.2 OFFSITE POWER SYSTEM
REVIEW RESPONSIBILITIES
Primary - Power Systems Branch (PSB) |

Secondary - Auxflfary Systems Branch (ASB) 1
Reactor Systems Branch (RSS)

Instrumentation and Control Systems Branch (ICSB) ' |

1.  AREAS OF REVIEW
The descriptive {nformation, analyses, and referenced documents, including electrical
single Yine diagrams, electrical schematics, logic diagrams, tables, and physica) arranga-
ment drawings for the offsite power systems, presented in the applicant's safety analssis
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 cperation, anticipated cperational 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 criterfa 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 fn 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 fdentified power sources capable

of operating independently of tne 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-velated and other
equipment.

The PS8 will review the following features of the preferred power systenm.
1. . The preferred power system arrangement {s reviewed te determine that the required

ainimum of two separate circuits from the transmissfon network to the standby power
distribution system is provided. In determining the adequacy of this system, the
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Rev, 1

fndependence of the two (or more) circuits {s examined to see that bnth electrical
and physical separation exists so as to minimize the chance of simultaneous faflure.
This fncludes a review of the assignment of power sources from the grid, locaticn of
rights-of-way, transmissfon 1ines and towers, transfermers, switchyard
interconnections (breakers and bus arrangements), switchyard control systems and
power supplies, Yocation of switchgear (in-plant), interconnections between
switchgear, cable routings, main generator disconnect, and the disconnect control
system and power supply.

The independence of the preferred power system with respect to the standby power
system {s 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 electrica) protective relaytng and
breaker control circuits and power tubp]ies to assure that loss of one preferred
system circuit will not cause or result §n loss of the radundant counterpart, nor
any standby power system sources.

Design information and analyses demonstrating the suitabilfty of the power sources,
transmissfon 1ines, breakers, and transformers used for supplying preferred power
from a distant source are reviewed to assure that each path has sufffcfent capacity,
capability, and relfabilfty to perform §ts {ntended 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;
lcading, unloading, and transfer effects on equipment; and power capacity avaflable
from each source.

The instrumentation required for monftoring and indicating the siitus of the pre-
ferred power system {s reviewed to assure that any change fn the preferred power
system which would prevent it from péfforminq fts intended function will be
{mmedfately identified by the control room operator, Also, all {nstrumentation for
initfating safety actions associated with the preferred power system s reviewed.

Preoperational and fnitial startup tests and programs and perfodic testing
cepabilities are reviewed.

The PSB will also review the foliowing:

a. Environmental conditfons such as those resulting from floods, hurricanes, high
and low atmospheric temperatures, rafn, and snow are considered in the review
of the preferred power system to determfne any effects on function.

b. Quality group classifications of eguipment of the preferred power system are
reviewed.

8.2-2
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7.

c.

The equipment and functions of the preferred power systems that are used as a
basis for assumptions in the accident analyses aré reviewed to assure that they

conform to the requirements of those assumptions.

Other areas of review assocfated with this system are covered e1séwhere as follows:

Envirenmental design and qualification testing of electrical equipment are
addressed fn SRP Section 3.11.

Technical specification requirements fmposed upon the operatfon of the preferred
power system are discussed in Chapter 16 of the applicant's safety analysis
report (SAR). The review of technical specifications fer the preferred power
systems is covered in SRP Section 8.1.

The ASB 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 vent§lation
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, afr supply system, and fire protection system. |

" The ASB 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
conditfons.

The RSB and AS8 wil) 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. )

The ICSB will evaluate, on request, portions of the preferred power system !
instrumentation and controls.

The QAB, under SRP Sectfons 17.1 and 17.2, will verify the adequacy of the
quality assurance program for the installation, fnspectfon, and testing of the
preferred power system electric equipment

ACCEPTANCE CRITERIA

In general, the preferred power system {s acceptable when 1t can be concluded that two
separate paths from the transmissfion network to the standby power distributfon system are

provided in accordance with General Oesign Criterion'l7; aﬁgquate physical and electrical I
separatfon exists; and the system has the capacity, capability, and reljadility to supply
power to all safety loads and other required equipment. :
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Tadble 8-1 1ists General Design Criteria, standards of the Institute of Electrical and

Electrenic Engineers (IEEE), regulatery guides, and staff technical positions utilfzed as

the bases for arriving at this conclusfon. In addition, the references include documents @
used by the reviewer as afds in ascertaining that the criteria have been met.

Subsection 111 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 | are as follows:

1. System Design Requirements

a. General Design Criteria 33, 34, 35, 38, 4] 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 cperatfon (assuming standby power 1s not available), the system
safety function can be accomplished assuming a single failure. To utflize 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 |
to supply the redundant safety components and systems required by these Genera!
Design Criteria.

b. General Design Criterion 17 requires two physically fndependent circuits from .
the offsite grid, one of which 1s designed to be available within a few seconds 3
following a loss-of-coolant accident.

c. The preferred power system must be fndependent of the standby power system.
The basis for acceptance is that no single event, fncluding a sfngle protective
relay, interlock, or switchgear faflure, 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 Genera) 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 Criterfon 17, as supplemented by General Design Criteria 33, 34, 35, 38, |
4) 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 fnto account the effects of a single
failure in the safety-related distribution system.

2. JYesting, Quality Assurance, and System Operability Surveillance
a. To assure that the requirements of General Design Criterfon 1 are met fn the
preferred power system, the quality assurance program must satisfy the require-
ments of IEEE Std 336, as augmented by Regulatory Guide 1.30, e

* Rev, 1 8.2-4 i
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111. REVIEW PROCEDURES .

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

b. Preoperatfonal and inftial startup test programs should be fn accoerdance with
Regulatory Guide 1.68, as augmented by Requlatory Guide 1.4). To assure that
the periodic onsite testing capabilities satisfy the requirements of General
Design Criterfon 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 identiffed in subsection I of this SRP section as being

the responsibility of other branches, the acceptance criteriz and their methods of
application are contained in the SRP sections corresponding to those branches.

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 {nformatfon, including the
dezign bases and thefr relation to the acceptance criteriz, preliminary analyses, ,
electrical single 1ine diagrams, and preliminary physical arrangement and layout drawings
are examined to determine that the final desfgn will meet this objective if properly
implemented. Ourfng the OL review, this objective is verified by examination of final
electrical schematfcs, physical arrangement and layout drawings, and equipment ratings
identified in the SAR and confirmed during a visit to the sfte (SRP Appendix 8-B). To
assure that the applicable criteria of Table 8-1 are satisfied, the review of the praposed
design §s performed as described below.

Upon request from the primary reviewer, the secondary review branches will provide {nput
for the areas of review stated in subsection I. The primary reviewer ocbtains and uses I
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 1s gained by reading the SAR and in
discussions with the applicant.

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 transmissfon network to the standby power distribution system
buses are provided (a switchyard may be common to these paths).

8.2-5 ' Rev. 1
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The routing of transmission 1ines should be examined on the station layout
drawings and verified during the site visit to assure that at Jeast two
{ndependent circuits from the offsite grid to the safety-related distribution
buses are physically separate and independent. Preferably these 1ines should
enter the station on separate rights-of-way, fdeally on opposite sides of the
switchyard, should leave the switchyard on opposite sides, an:' should terminate
at transformers located on opposite sides of the reactor or turbine building.
No other line should cross these two circuits. As physfcal separation becomes
less than the {deal, attention should be directed towards assuring that no
single event such as a tower falling or a Yine breaking can simultaneously
affect both ctircuits in such a way that neither can be returned to service in
time to prevent fuel design 1imits or design conditions of the reactor coolant
pressure boundary from being exceeded.

As the switchyard may be common to both circuits from the offsite grid to the
safety-related distribution buses.'éhe 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,
Yoss of a control circuit power supply, etc.

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 circuft be available in sufficient time to prevent fuel design 1imits 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 fncluding control circuit power supplies. Designs
that do not provide redundant control ci{rcuits must be justified by an analysis
which shows the period of time that the station can remain in & safe condition

~ assuming no a-c power s avaflable. 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 fafilure event.
These designs sometimes depend on manual operation of the switchyard breakers,
which involves an operator going to the yard and manﬂilly 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 ftems
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 supplfes, shorting of transmission Yines, and -the
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design of a backfeed path through the main generator transformer §f provided {in
the design.

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 §s connected to during normal or abnormal operating condi-
tions, accident conditions, or plant shutdown conditions. Therefore, the loads
to be supplied during these conditfons should be determined from informaticn
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 1ines, and the offsite grid power source for each
path should be evaluated to assure that there {s adequate capability to supply'
the maximum connected load during 211 plant conditiens. The design should be
examined to assure that during transfer from cne power source to another the
design 1imits of equipment are not exceeded.

The resuits 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 {f these use a common
transmission tower, transformer, or & breaker in a2 remote switchyard or sub-
station. The station layout and the grid system layout drawings are reviewed
to determine that all events were included fn the analysis.

The applicant should include in the grid stability analysis the consideration
of failure modes that could result in frequency varfations exceeding the max~
imum rate of change determined in the accident analysis for loss of reactor
coolant flow. N

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 fn loss of the other circuit, and loss
of the main generator will not result in loss of efther preferred power circuit.

To assure that the requirements of General Desfgn Criterfon 18 and Regulatory

Guide 1.118 are satisfied, the electrical schematics should be examined to determine
that the design includes provisions for testing the transfer of power to the safety-
related distribution system from the matn 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 cperation.
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To assure that the requirements of General Design Criteria 33, 34, 35, 38, 41 and 44
are satisfied, the electrical schematics of the systéwi required for reactor coolant
makeup, residual heat removal, emergency core cooling, containment heat removal,
containment atmosphere cleanup, and cboling water should be examined to assure that
the circuits from the preferred power system can supply these systems assuming a
single faflure 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 s provided, the immedfately avaflable preferred circuit must be made
available to the redundant portions of these systems.

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 programi '

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 locatfons and
associated transmissfon lines coul! be affected by these conditions.

To assure that the requirements of General Design Criterion 3 are satisfied, it Q
should be determined that the equipment of the preferred power system is designed

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

and effects of fires and explosfons. 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. A

To assure that the requirements of Genera) Design Criterion 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 conditfons outside the station. This informa-
tion will be used to determine the possibility of simultaneous loss of both paths of
preferred power.

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 multf-unit station. These will Q
be reviewed to ascertain that they are capable of performing all requirea safety
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functions §n the event of an accident,in one unit, with a simultaneous orderly
shutdown and cooldown of the remaining unfts. Review of the design criterfa should
establish that the capacity and capability of incoming liries, power sources, and
transformers for each required circuit have margin to achieve this. Spurious or
false accident signals should not overload thesa circuits. SRP Section 8.3 further
discusses spurious or false accident signal considerations.

10. To assure that the requirements of General Design Criterfon 13 are satisfied, the
preferred power system instrumentation provided to monitor variables and systems
over antfcipated 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. . 8 |

l

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 ¥s fdentified, ICSB will review the fnstrumentation and controls
provided for the preferred power system in accordance with procedures given in the e
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.

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 jdentified power sources from the
grid, transmissfon 1ines (overhead and underground), transmissfon line towers,
transformers, switchyards and switchyard component control systems, switchyard

i




battery systems, the main generator, and disconnect switches used to supply electric

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

for the plant covered single line diagrams (CP and OL), station layout
drawings (CP and OL) and schematic diagrams (OL), and descriptive fnformation. The @
review fncluded 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 $ncluded the applicant's analyses of the manner fn which the design

of the offsite power system conforms to the proposed design criterfa.

“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 Comnissfon's regulations as set forth in the General Design Criteria, and to
applicable regulatory guides, staff technical positions, and industry standards.
These are 1isted in Table 8-1. (Table 8-1 should be included in the safety evalu-
atfon report, efther 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." l 9
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U.S. NUCLEAR REGULATORY OOMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.3.1 A-C POWER SYSTEMS (ONSITE)
REVIEW RESPONSIBILIVIES

Primary - Power Systems Branch (PSB)

Secondary - Auxiliary Systems Branch (ASB)

Containment Systems Branch (CSB)

Mechanical Engineering Branch (MEB)

Quality Assurance 8ranch (QAB)

Reactor Systems Branch (RS8)

Instrumentation and Control Systems Branch (ICSB)
AREAS OF REVIEW
The descriptive fnformation, fncluding 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 cf the review s to determine that

the a-c onsite power system satisfies applicable acceptance criterfa and will perform its .

intended functions during all plant operating and accident conditfons.

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
vita) supporting systems provided to supply power to safety-related equipment and capable
of operating {ndependently cf 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 scurces, when proposed, will be evaluated on
an individual case basis. In addition, those {nterface areas between the standby and
preferred power systems at the station distributfon 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 {s maintained fn the standby power system with
regard to both power sources and associated distributfon 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'fed from each bus, and powar connections
to the instrumentation and control devices of the power system. 0

Conformance with the Single Failure Criterien

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 intercennections 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 faflure criterion is reviewed.

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 i
the event of a loss of preferred power, the independence of the standby power <ystem g
{s established through prompt opening of §solation-feeder breakers. Also, the
capability of the preferred power system circuits to deliver power to the safétiy-
related buses is reviewed to assure that no single failure will result in loss 3¥\\e
the minimum required redundancy of the preferred power circuits to the safety-rela \:
buses.

Standby Power Supplies

Design information and analyses demonstrating the suitabflity of the diese) gen- '
erators as standby power supplies are reviewed to assure that the diesel generators
have sufficient capacity, capabjlity, and reliability to perform their {ntended
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 dfesel generator tests

and allewable 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
provisfons. '
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Identification of Cables, Raceways, and Terminal Equipment

The means proposed for {dent{fying the standby power sysiem cables, raceways, and
terminal equipment as safety-related equipment in the plant are reviewed. Also, the
{dentification scheme used to distinguish tetween redundant cables, raceways, and |
terminal equipment of the power system is reviewed.

vita) Supporting Systems
The fnstrumentatiecn, control circuits, and power connections of vital supporting

systems are reviewed to determine that they are designed to the same criterfa as
those for the Class 1E loads and power systems that they support. This will include |
an examination of the vital supporting system component redundancy; power feed
tssignment to instrumentation, controls, &nd loads; init{ating circuits; load
characteristics; equipment identification scheme, qualification of this equipment, |
and design criteria and bases for the installation of redundant cables,

System Testing and Survefllance
Preoperational and initial startup test programs and perfodic onsite testing capa-

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

Other Review Areas
Other areas of review associated with this system that are covered elsewhere are as
follows:

a. Environmental 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 ASB, under SRP Section 9.4, will evaluate the adequacy of the heating and
ventilation systems for switchgear and diesel generator rooms. In particular,
AS8 will determine that the piping, ducting, and dampering for these heating
and ventilation systems are adequate. In addition, the ASB will examine the
physfcal arrangement of components and structures for Class 1E 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 maintaip & controlled environment for safety-related instru-
mentation and electrical equipment located fnside the containment.
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f. The MEB, under SRP Sectfon 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, ] e

switchgear, control room boards, and instrument racks and panels, in the event
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, fnspection, and testing of
Class 1E {nstrumentation 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, wil) fdentify 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 conditfons 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 exqpinatlon of the design criteria and bases for the installation of
associated redundant electrical cables.

ACCEPTANCE CRITERIA

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

system has the required redundancy, meets the single failure criterion, is testable, and Ia
has the capacity, capability, and reliability to supply power to all required safety

loads. Table 8-1 lists General Desfgn Criterfa (GDC), standards of the Institute of

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

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

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

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

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

in subsection I 1s 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 criterfa state that safety system redundancy should be such that for
standby power system operation (assuming preferred power is not avaflable), the
system safety function can be accomplished assuming a single failure. The
acceptabilfity of the standby power system with regard to redundancy §s 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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Conformance with the Single Faflure Criterion
As required by General Design Criterfon 17, the standby power system must be capable

of performing ts safety function assuming & single faflure. To meet this require-
ment, electrical fndependence between redundant portions of this system must be
maintained. An acceptable design in this regard 1s 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 criterfa stated in IEEE Std 308 are not explicit enough to be used as the
basis for acceptance. Therefore, the acceptabilfity of such a design to meet the
single faflure criterion s based on the design satisfying the recommendaticns 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 acceptudle design arrangement must satisfy
the requirements set forth in IEEE Std 384, as augmented by Regulatory Guide 1.75.-

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 1imit the standby power system in accomplishing fts 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 Criterfon 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 1s consistent with satisfying the power
availability requirements of General Design Criterfon 17, as supplemented by General
Design Criteria 34, 35, 38, 41 and 44, an icceptable design must be capable of
withstanding the effects of a single faflure without a reduction of the capability
of the preferred power circuits to less than the minfmum required for safety.

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 diese) generator
sets follows the recommendations of Regu!atbny Guide 1.9.

If the proposed design provides for sharing of the standby power system between
units at the same site, the acceptance criteria utilized fr determining that

such a design complies with the requirements of General Design Criterfon 5 are
given in Regulatory Guide 1.81. This guide sets forth two principa) positions.
Position 2 is being applied to reviews for all operating license and construction
pernit applications docketed prior to June 1, 1973. In essence, Positicn 2
permits sharing if the standby power system has sufficfent capacity and capability
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to supply the minfmum ESF loads in any unit and also the equipment needed to
safely shut down the remaining units. The capacity and capability are acceptable
1f system safety functions can be accomplished fin the event of an accident in

one unft, assuming a single faflure or 2 spurfous or false accident signal from
another unit and loss of preferred power. Position 3 {s being applied to
constructfon permit applfcations docketed after June 1, 1873. It prohibits the
sharfng of standby power systems between nuclear units.

¢. Should the proposed design provide for the connectfion and disconnection of
non-Class 1E loads to and from the Class JE standby power supplies, it should
conform to IEEE Std 384, as augmented by Regulatory Guide 1.75, with respect to
the role fsolatfon devices play in this regard. The design must be such as to
assure that the interconnections and the added non-Class 1E 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 diese) generator system design is acceptable with regard to testability if
the avplicable 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 acceptebility of the design is based cn Regulatory
Cuide 1.106.

5. ldentification of Cables, Raceways, and Terminal Equipment ,
The method used for identifying standby power system cables, raceways, and terminal

equipment as safety-related equipment in the plant, and the fdentificatfon scheme
used to distinguish between redundant cables, raceways, and termfnral 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 thuse supporting systems

identified as vital to the proper functfoning of Class 1E systems are acceptable §f
the design conforms to the same criteria as for the Class 1 systems they support.

7. System Testing and Survefllance
To assure that the preoperational and fnitfal 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 acceptadle testing program should include the positions of Regulatory Guides 1.22
and 1.108. With regard to surveillance of the operadility status of the standby
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power system, &n acceptadle design should satisfy the posftions of Regulatory
Gufde 1.47, as eugmented by Branch Technical Pesition ICSB 21. ' |

8. Fire Protection for Cable Systems '
The basts for acceptance of fire protection for cable systems {s 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 {ndustry practices.

9., Other Review Areas
For those areas of review identified in subsection I as being the responsibility of
other branches, the acceptance criterfa and thefr methods of application are contained
in the SRP sections corresponding to those branches. However, there are some
acceptance criterfa 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 criterfa and their applicatiocn 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 €lectrical 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 Sefsmic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations,” and Regulatory Gufde 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 1E instrumenta-|
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
Generating Stations,” and Regulatory Guide 1,30, "Quality Assurance Requirements ]
for the Installation, Inspection and Testing of Instrumentation and Electric
Equipment.® The QAB, ICSB and PSB will perform reviews in this regard to |
ascertain that the proposed quality assurance program §s consistent with the
acceptance criteria.

II1. REVIEW PROCEDURES

The mafn ocbjectives in the review of the standby power system are to determine that this
system has the required redundancy, meets the single failure criterion, fs testable, and |
has the capacity, capability, and reliability to supply power to all required safety

loads. In the CP review, the descriptive {nformation, 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&LIDs), and preliminary physical arrangement drawings are examined to determine
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that there s reasonable assurance that the final design will meet these objectives. At

the OL stage, these objéctives are verified during the review of final electrical :
schematics, functional P&IDs, and physfca) arrangement drawings and are confirmed during i
a visit to the site. To assure that these objectives have been met {n accordance with ?
the requirements of the criterfa, the review is performed as detailed below. :

In addition te the review procedures of the PSB, this secticn 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 1. The primary reviewer obtatns and vses such §nput as
required to assure that this review procedure {s complete.

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 1ine diagrams (CP

and OL stage), functional P&IDs (CP and OL 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 {nstrumentation and control devices for
the Class 1E loads and power system are supplfed from the related redundant distribu- |
tion systems.

Conformance with the Single Failure Criterfon e
In evaluating the adequacy of this system in meeting the single faflure criterion

{General Design Criterfon 17}, both electrical and physfcal separation of redundant

power sources and distributfon systems, including their connected loads, are revicws?

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 IE®. Std 308 and satisfies the positions of Regulatory

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

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

Nuclear Power Generating Station Protecticn 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 faflure requirements as protection systems. §
Other aspects of the design where special review attention §s given to ascertain
that the electrical {ndependence has not been compromised are as follows:
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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 1n meeting the requirements of
Genera) Design Criterion 5 and satisfying the single failure criterion.
Therefore, the acceptability of such a design s determined by reviewing the
proposed system design criteria and electrical schematics and analyses’
substantiating the adequacy of the design to withstand the consequences of
electrical faults and fajlures 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-Unft Nuclear Power Plants,” for CP applications docketed before June 1,
1973 and for OL applications. Posftfon 3 of this Regulatory Guide prohibfits
the sharing of standby power systems between nuclear units for construction
permit applicatfons 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.

The interconnections between redundant 1oad 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 faflure
fn the interconnectfons will cause the paralleling of the standby power supplies.
To assure this, the contro) 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 ser{es and physically separated from each other in accordance with
the acceptance criteria for separation of Class 1E s&stems. which is discussed
below. Further, the interconnection of redundant lcad centers must be
accomplished only manually. With respect to the interconnectfons through the
multi-feeder breakers supplying power to extra redundant loads, the review
relates to the utfilization of the extra redundant unit as one of the required
operating units (if the substituted for normal unit fs 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 faflure fn 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 supplfes. To assure against
compromising the independence of the redundant power systems under this
situation, an acceptable design for connecting extra redundant locads to either
distribution system will provide for at least dual means for connecting and
isclating each lcad from each redundant bus. Such a design must also meet the
acceptance criteria for electrical and physical separation of Class 1E systems.
In addition, the provisions of the design to automatically break all the
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interconnections (e.g., open tfe and multi-feeder breakers) between redundant

Toad centers frmmediately following an accident condition concurrent with the

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

redundant portions of this system §s established given a single failure. e

To assure physical independence, the criteria governing the physical separation

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

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 gufde set forth acceptance criteria for the

separation of circuits and electrical equipment contained in or assocfated with

the Class )E power system. In essence, the review objective is to determine - !

that the design provides for redundant portions of this system to be Jocated 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 1E systems and thefr vital supportirn v tems, except

for the cable design which {s the responsibility of the PSB. » in 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 eguipment structures (General Design Criteria 3, 4). To e
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 1E 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 1E electric systems in control boards, panels,
and relay racks; and fire barriers aﬁd 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, 1EEE Std 317 as augmented by Regulatory
Guide 1.63 as evaluation guides to ascertain that the electric penetration
assemblies are designed {n accordance with the requirements for Class 1E |
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 tfes between these two systems as well as the @
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physical arrangement of the fnterface equipment are reviewed to assure that no

single failure wil) prevent the separation of the redundant portfons of the standby
power system from the preferred power system when required. The scope of the review
for independence extends from the supply breazkers connected to the low side of the |
unit auxiljary 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 electricai 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 {ndependence of General Design Criteria
34, 35, 38, 41 and 44; that s, 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 {ndependence of the preferred power circuits to the
Class 1E 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 fts 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 1E systems. ]
Following the loss of preferred power, the safety buses are powered solely from the
standby power supplies. Under this situatfon, 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 restorirg ‘
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, cccurring |
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
additfon, it s 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 befng 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 standﬂy power systeém s established upon a faflure
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 §s maintatned above the trip relay settings by the diesel generator

under test, the remafning redundant diesel generators will not be commanded to start
running. Conseguently, the added capacity resulting from the connection of

non-Class 1€ 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 duratfon if

the remaining redundant diesel generators are commandad automatfcally to start by
undervoltage relay action immediately after total poer s lost. The dfesel 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 fis
verification that subsequent faflures such as those resulting from fmproper
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 fntroduced 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 losi (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.

Standby Power Supplies

In assuring that the requirements of General Design Criterion 17 and I1EEE Std 308
have been met with regard to the standby power supply diesel generator sets having
sufficient capacity, capability, and relfability to supply the required distributfon
system loads, the design bases, design criteria, analyses, description, and

8.3.1-12




tmplementation as depicted on electrical drawings and functfonal 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

0 suitabflity of the diesel generators as standby power supplfes is obtained from IEEE
Std 387, "Criterfa for Diesel-Generator Units Applied as Standby Power Supplies for
Nuclear Power Generating Statfons.” Specifically, the reviewer first becomes familiar
with the purpose and operation of each safety system, {ncluding system component
arrangement as depicted on functional P&IDs, expected system performance as
established fn the accident analyses, modes of system operation and their {interactions
during normal and accident conditions, and interactions between systems. Following
this, it §s verified that the tabulation of all safety-related loads to be connected
to each diesel generator {s 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 s 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.S.

To assure that each diese)l generator is capable of starting and accelerating to

Q rated speed all the connected loads in the required sequence and within the minfmum
time intervals established by the accident analyses, the PSB reviewer examines for I
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 Positfon 4 of Regulatory
Guide 1.9. In addition, the adequacy of the cfrcuit design for starting and
disconnecting and connecting safety loads from &nd to each diesel generator fs
checked. This includes a review of the starting initfating circuits; manual and
automatic sequential lcading and unloading circuits; interrupting capacity of
switchgear, load centers, control centers, and distribution panels; grounding requfre-
ments; and electrical protective relaying circuits fncluding thejr 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 Positfon ICSB 17 (PSB) s utilfzed as an evaluation |
guide. Although this gujde sets forth specific recommendations for a particular

Q . plant, it can be used to ascertain that the design of these circuits is consistent
with minimizing the 1fkelihood of false diesel generator trips during emergency
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. conditions. The capability of the automatic sequential loading circufts to reset

during a sustained Yow voltage conditi&h on the diesel generators is reviewed to

assure that upon restoration of normal voltage, the Class 1E loads can be connected | o
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

diese) generater. In assuring that those Class 1E loads being powered through {
latched-type breakers are capable of being reconnected to their respective buses

after restoration of power, the desfgn must provide for resetting the breaker anticyle
feature when there §s an undervoltage condition. The normal function of this feature

is to prevent immedfate 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 1E loads to
and from the Class 1E 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 cf the standby power supplies.

General Design Criterion 5 prohibits sharing unless it can be shown that the diesel
generators are capable of performing all reguired 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 Desfign Criterfa 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 | o
forth two principal positions. Position 3 applfes 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 §s electrically independent with respect to

. the standby power system of other units.

Position 2 of Regulatory Guide 1.81 establishes &cceptable 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 capabflity under the
sharing mode of operation is verified by fc)lowing the procedure discussed above for
tabulating and summing a1l loads. In particular, the load tabulatfon 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 sfgnal from ancther unit and loss of
preferred power to all the units. In additfon, the physical arrangement of instru-
mentation and control devices on control room panels and consoles in one unit with
respect to the other units {s examined to assure that the design minimizes the

coordination needed between unit operators to accomplish sharing of the standby 0
power systems. '
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In the absence of specific criteria $n 1EEE Std 308 governing the connection and
disconnection of non-Class 1E loads to and from the Class 1E distribution buses, the |
review of the interconnections will considéer {solatfon 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 1E loads and Class 1E
buses will not result in the degradation of the Class 1E system, the isolation

device through which standby power is supplied to the non-Class 1E load, including
control circuits and connections to the Class 1E bus, must be designed to meet

Class 1E requirements. Should the standby power supplies not have been sized to
accommodate the added non-Class 1E loads during emergency conditions, the design

must provide for the automatic disconnection of those non-Class 1E 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 desfgn must
also prevent the automatic or manual connection of these loads during the transient
stabilization period subsequent to this event.

The description of the qualificatfon 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 appliicant to obtain

diesel generators of a desion that has been previously qualified for use in nuclear

power plant applfcations, or to perform qualification tests on diesel generators of f
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.

Identification of Cables, Raceways, and Terminal Equipment

The identification scheme used for Class 1E 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 {s run in safety raceways, nonsafety-related cable which is not associated }

physically with any safety division, and safety-related cables, raceways, and terminal i
equipment of one unit with respect to the other units at a multi-unit site.

Vital Supporting Systems ;
The PSB wil) review those auxiliary systems identified as bejng vital to the opera- l :

tion of Class 1E 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 s the same as ‘that discussed herein for Class 1E systems. |
In essence, the reviewer first becomes familiar with the purpose and operation of 0

each vital supporting system, fncluding fts components arrangement as depicted on
functional P&IDs. Subsequently, the design criterfa, analyses, and description and
implementation of the instrumentatien, contrcl and electrical equipment, as depicted
on electrical drawings, are reviewed to verify that the design is consistent with
satisfying the acceptance criteria for Class VE systems. In addition, ft {s verified!
that the vital supporting system redundant instrumentation, control devices, and
Toads are examined to verify that they are powered from the same redundant distribu-
tion system as the Class 1E system that they support. The PSB will alsc verify that
the vital supporting systems which are associated with the emergency diesel engine
such as the fuel o1l 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
design, capacities, and physical independence of these systems are adequate for
their intended functions. Included {s a review of the heating and ventflation (HLY)
systems identified as necessary to Class 1E systems, such as the H&V systems for the
electrical switchgear and diesel generator rooms. The ASB will verify the adequacy
of the HAV 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 alse verify that redundant H&V systems are located in |

the same enclosure as the redundant unit they serve, or are separated in accordance 0
with the same criteria as those for the Class 1E systems they support. I

System Testing and Surveillance _
The proposed preoperational and initial startup test programs for the standby power
system {ncluding its vital supporting systems are reviewed to ver{fy that the proposed
programs are consistent with Regulatory Guides 1.68, 1.4} and 1.108. In assuring
that the proposed periodic onsite testing capabilitfes of Class 1E systems satisfy
the requirements of General Design Criterfa 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 1f systems
on a periodic basis when the reactor is in operation.

The descriptive information (CP and OL stages) and the design implementatfon as

depicted on electrical drawings (OL stage) of the means proposed for automatically

indicating at the system level a bypassed or deliberately fnoperative status of a

redundant portion of a Class 1E system are peviewed to ascertain that the design is '
consistent with Regulatory Guide 1.47 and Branch Technical Positfon ICSB-21. This

position establishes the basis to be considered in arriving at an acceptadble design

for the incperable status fndicatfon system. @
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Fire Protection for Cable Systems

In assuring that the regquirements of General Design Criterfon 3 have been met, ASB
will review the design of the fire stops and 3eals, including the materials, thefr
characteristics with regard to flammability and fire retardancy, &nd their fire
underwriters rating in accordance with SRP Sectfon 9.5.1. A1l 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 fi11 to assure compliance with accepted industry practices.

Other Review Areas .

For those areas of review fdentified 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
criterfa, which include IEEE Std 344. The ICSB and PSB supplements the MEE by l
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 1€ instrumentation, control devices, and associated circuits |
to withstand the effects of a seismic event. The adequacy of the seismic
design for major electrical apparatus (such as the switchgear, motors, and
diesel generator sets) and their supports will be determined by the MEB.

b. Quality Assurance
In assuring that the quality of Class 1E equipment is commensurate with present |
codes and standards (General Design Criterfon 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 1E electrical equipment i
is acceptable.

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 I
supply power to safety-related components and systems. The scope of review included
the descriptive informatton (CP and OL), functicnal logic diagrams (CP and OL),
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functional pfping and fnstrument 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 s'tandby power system and for those auxiliary ‘
systems that are vital to the proper operation of the Class 1E standby power system B
and its connected Class 1E loads. The review has fncluded the applicant's design
bases and thefr relatfon 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 fdentifying safety-related cables, raceways, and terminal equipmentl
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 suitabilfty of the diese) 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 posftions,
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, technica) posftions, and industry standards and 0
is acceptable."

V.  REFERENCES
1.  Standard Review Plan Table &-1, "Acceptance Criterfa for Electric Power."
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f ""g U.S. NUCLEAR REGULATORY COMMISSION
<
5 /i STANDARD REVIEW PLAN
% g OFFICE OF NUCLEAR/REACTOR 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)

Instrumentatign and Control Systems Branch (ICSB)

1. AREAS OF REVIEW

The d-c power systems include those d-c power sources and their distributfon systems and
vita) 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 a2-c
instrumentatfon power as required. Information on the d-c power system presented §n the
applicant's safety analysis report (SAR) is reviewed by the staff to determinc that the
d-c power system regquired for safe oﬁeration during al) operating and accident conditions
meets the requirements of Genera) Design Criteria (GDC) 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 criterfa listed
in Subsection Il or adequate justification for exceptions taken, preliminary single
Tine diagrams {1lustrating the redundancy of d-c power supplies, preliminary load
assignments, and preliminary physical arrangement drawings 11lustrating the independence
of redundant batteries and distribution circuits. For operating 1icense (OL) appli-
cattons, 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 fts 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 {s reviewed to determine that the required redundancy of components and sub-
systems is provided. This wil) require an examination of the d-c power system config-
uration fncluding power supply feeders, load center arrangements, loads supplied from
each bus, and power connectfons to the instrumentation and control devices of the
system.
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In determining the adequacy of this system to meet the single faflure criterion,
the electrical and physfcal separation of redundant power sources and assocfated
distribution systems are examined to assess the fndependence between redundant
portions of the system. This wil) include a review of the interconnections
between redundant buses, buses and Ioadsj and buses and power supplies; proposed
sharing of the d-c power system between units at the same site; and the design
criterfa and bases governing the installation of electrical cable for redundant
portions of the systems.

Design fnformation and analyses demonstrating the suitabflfty of batteries and
battery chargers as d-¢ power supplies are reviewed to assure that they have
sufficient capacity, capability, and relfability to perferm their intended
functions. This will require an examination of the characteristics of each load;
the length of time each load {s 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.

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 fdentificatfion
scheme used to distinguish between redundant cables and raceways of the power
system {s reviewed. ‘

The instrumentation, control circuits, and power connections of vital supporting
systems are reviewed to determine that they are desfigned to the same criteria as
those for the Class 1E 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, fnftiating circuits, load
characteristics, equipment fdentification:scheme, and desfgn criteria and bases
for the installation of redundant cables.

Preoperatfonal and fnitial start-up test programs and perfodfc onsite testing
capabilities are reviewed. The means proposed for automatically monftoring the
status of system cperability are reviewed.

8.3.2-2




7. Other areas of review assocfated with these systems which are covered elscwhere
are as follows:

a. Environmental design and qualification testing of electrical equipment are
addressed in SRP Sectfon 3.11,

. 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 fnverter 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 criterfon. In addition, the ASB will
examine the physical arrangement of the d-c power system and its supporting auxiliary
system‘gompghents and associated structures, except cables, to determine that single
events ahd'accidents will not disable redundant features.

The CSB 3111 identify those containment ventilation systems provided for maintaining a
controlled environment for safety-related electrical equipment located inside the
contafinment.

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, portiﬁns of the Class 1E d-c systems instrumen-
tation and control. ‘

ACCEPTANCE CRITERIA

The d-c power system is acceptable 1f it can be concluded that this system has the
required redundancy, meets the single failure criterion, and has the capacity, capabil-
jty, and reliabflity 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 zpplicationef these evaluation guides to the review.

The application of most of the acceptance criteria to the areas of review described in
Subsection 1 {s detafled below. The applicability of other criteria 1isted in
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Table 8-1 but not specifically addressed above 1s considered to be self-evident, and
their application in the review process s considered self-explanatory.

V.  System Redundancy Requirements o
6DC 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 onsfte 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 te redundancy is based
on conformance to the same degree of redundancy required of safety-related compo-
nents and systems required by these GOC.

2. Confcrmance with the Single Failure Criterion
As required by GOC 17, the d-c power system must be capable of performing fts
safety function assuming a single failure. To meet this requirement, physical
and electrical {ndependence between redundant portions of this system must be
nafntained. 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 fs 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 systenm

' between units at the same site, the governing criteria stated in IEEE
Std 308 are not explicit encugh 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 Regblatory Guide 1.81. This position sets
forth acceptable bases for implementing the requirements of GDC 5, “Sharing
of Structures, Systems, and Components."

€. 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 fs based on
Regulatory Guide 1.106.
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Identification of Cables and Raceways

The method used for identifying d-c power system cables and raceways as safety-
related equipment in the plant, and the fdentification scheme used to distinguish
between redundant cables and raceways are acceptable {f in accordance with Regula-
tory Gujde 1.75.

Vital Supporting Systems
The instrumentation, controls, and electrical equipment for those supporting

systems fdentified 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.

System Testing and Surveillance

To assure that the preoperational and inftial start-up test programs for the d-¢
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 perfocdic 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.

Other Review Areas
For those areas of review fdentified in“Subsection 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 1 are met fn the d-c power systenm,

the quality assurance program for the safety-related {nstrumentation and
electrical eguipment must satisfy the requirements of 1EEE Std 336, “Instal-
lation, Inspection, and Testing Requirements for Instrumentatfon and Electric
Equipment During the Construction of Nuclear Power Generating Statiens," 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.

©
111. 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 faflure criterion, and has the
capacity, capability, and relfability to supply d-c power to all required safety-
related loads. In the CP review, the descriptive information, including the design
bases and their relatfon 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 {s 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&IDs, and physical arrangement
drawings and are confirmed during a visit to the sfte. 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

acceptable. b :

the utilization in the design of design features previously reviewed and found ' O

In addition to the review procedures of the PSB, this sectfon jdentifies 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 fnput for the
areas of review stated in Subsection I. The primary reviewer obtains and uses such
{nput 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 (GDC 33, 34, 35, 38, 41, and 44),
the descriptive information including electrical single Yine diagrams (CP and OL
stages), functional PLIDs (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 systenms, and that the instrumentation and control devices
for the safety-related loads and power system are supplied from the related
redundant distributfon systems.
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Cenformance with the Single Faflure Criterion

In evaluating the adequacy of this system to meet the single faflure criterion
(GOC 17), both electrical and physical separation of redundant power sourles and
distribution systems, fncluding their connected loads, are reviewed to assess the
indecendence between redundant portions of the system.

To acsure electrical independence, the design criteria, analyses, description,
and implementation as depicted on functional logic diagrams, electrical single
Vine dizgrams, 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 s derived from IEEE Std 379, "Guide for the Application of the
Single Faflure 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 serfes 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.
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In essence, the review objective fs to determine that the design provides
for redundant portions of this system to be located in physically separated
sefsmic Category I structures (GOC 2). It s verified that each structure
has {ndependent heating and ventilation (HAV) 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 desigh arrangement of the Class 1 systems and their
vital supporting systems, except for the cable design which is the respon;i-

bility of the PSB. The ASB will alsc verify the adequacy of physical barriers

such as doors separating redundant portions of this system to assure that
events such as fire and flcoding {n one structure will not be propagated to
other redundant equipment structures (GDC 3, 4). To determine that the
jndependence of the redundant cable installation is consistent with the
requirements set forth {n 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 {ncluding
such criteria as those for cable derating; raceway filling; cable routing in
¢ 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 fn 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.

D-C Power Supplies and Distribution Systems

In assuring that the requirements of GDC 17 and IEEE Std 308 have been met with
regard to the d-¢ power system having sufficfent capacity, capability, and
relfability to supply the required distribution system loads, the design bases,
design criteria, analyses, descriptfon, 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 \oads,
the nameplate capacity claimed in the design bases is checked against the loads
identified in electrical distribution diagrams. The capability of the system fs
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 operatfon of each
safety system, including system component arrangements &s depicted on functional
PLIDs, expected system performance as established in the accident analyses, modes
of system operatfon and interactions during normal and accident conditions, and
interactions between systems. Following this, it is verified that the tabulation
of al) safety-related loads to be connected to each d-c supply is consistent with
the information provided by the RSEB.

The characteristics of each Yoad (such as motor horsepower and volt-amp ratings,
inrush current, starting volt-caps and torgue), the length of time each load {s
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 utflized to verify the calcula-
tions establishing the combined load demand to be connected to each d-c supply
during the “"worst” operating conditfons. In reviewing the design of the thermal
overload protection for motors of motor-operated safety-related valves, the
reviewer §s 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 §s 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
adequacy 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 1E requirements.

Should the d-c power supplies not have been sized to accommodate the added
nonsafety-related Joads during emergency conditfons, the design must provide for
the automatic disconnectfon of those nonsafety-related loads upon detection of
the emergency condition. This action must be accomplfshed 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 suitabflity of the batteries and
battery charger as d-c power supplies are judged to be acceptable if they satisfy
the acceptance criterfa Jisted in Subsection II.3 or Table 8-1,
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EVALUATION FINDINGS
The reviewer verifies that sufficient fnformation has been provided and that the
review supports conclusions of the following type, to be included in the staff's
Safety Evaluation Reporti:
"The d-c power system fncludes 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 fncluded single 1ine diagrams (CP and OL),
schematic diagrams (OL), and descriptive information for the d-c power system and
for those auxiliary supportfng 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 gener31 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-¢ power system conferms to applic-

able regulations, guides, technical positions, and industry standards and is
acceptable."

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
Puwer Plants."
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Appendix 8-A BRANCH TECHNICAL POSITIONS (PSB)*

The PSB Branch Technical Positions (BTPs) represent guidelines intended to supplement the
acceptance criteria established in Commissfon Regulations and regulatory guides, and in
applicable IEEE standards. As technical problems or questions of interpretatfon arise {n

the detailed reviews of plant designs, the staff must determine an acceptable resolutfon for
each such case to complete its review of a2 particular application. Where the same technical

problem or question of interpretation arises in several cases, the staff's determination on
the point at issue {s formalized in a BTP. The BTP 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, 1ike the

recommendations of regulatory guides, are not mandatory, but do provide defined, acceptable,

and immediate solutfons to some of the technical problems and questfons of interpretation
that arise in the review process. In some fnstances, regulatory guides may be developed
from BTPs after sufficient experfence in their use has accumulated. A)1 PSB BTPs
applicable to Chapter 8 of the Standard Review Plan (except ICSB (PSB)-21) have been
included in this appendix for convenience. They are 1isted below:

BTP _ICSB (PS8) Branch Technical Positions of the PSB

2 Diesel-Generator Reliability Qualification Testing

4 Requirements on Motor-Operated Valves in the ECCS Accumulator Lines

8 Use of Diesel-Generator Sets for Peaking

n Stability of Offsite Power Systems

15 Reactor Coolant Pump Breaker Qualification

17 Oiesel-Generator Protective Trip Circuft Bypasses

18 Application of the Single Fajlure Criterion to Manually-Controlled

Electrically-Operated Valves

21%% Guidance for Application of Regulatory Guide 1.47 (attached to Standard

Review Plan Appendix 7-A)

¥ These B1Ps are formerly EICSB BTPs which are now n the area of review responsibility
of the Power Systems Branch (PSB). Their EICSB (now ICSB) number has been retained in
order to provide contfnuity and correlation with completed reviews.

*XICSB primary responsbilfty.

USNRC STANDARD REVIEW PLAN
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BRANCH TECHNICAL POSITION ICSB 2 (PSB)
DIESEL-GENERATOR RELIABILITY QUALIFICATION TESTING

BACKGROUND

The increase §n 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 desfgns 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
relfability at least equivalent to that of machines currently used for nuclear plant
standby applications.

The proposals of nonstandard diesel-generator &rrangements for Sequoyah, Fort St. Vrain,
Hutchinson Island, and Fitzpatrick made it necessary to develop a consistent approach

for determining acceptabjlity. Regulatory Guides 1.6 and 1.9 were utilized as the bases.

BRANCH TECHNICAL POSITION

A start and load relfability test program should be required for all diesel-generator
sets of a type or size not previocusly 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 eccepting design load fn the desfred 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 {n 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 initfal fuel loading, at least 300 valid start and load tests should be

performed with no more than three fajlures 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 10X from design
hot equilibrium temperature conditions. Thfs would include 211 valid tests
performed offsite. A valid start and load test shall be defined as a start from
the specified temperature conditfons 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 fr~ther testing as well

Rev. 1

as review of the system desfgn 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 e¢ the safety fnjection tanks (also referred to as “accumulators" or
“flooding tanks" in some applicatfons). In these plants, a motor-operated fsolation
valve (MOIV) and two check valves are provided in series between each safety injection
tank and the reactor coolant {primary) systenm.

The MOIVs must be consfdered to be "operating bypasses” because, when closed, they
prevent the safety injection tanks from performing the §ntended 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 BTP ICSEB 18 (PSB), "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.

8. 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 coclant 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 indfcation in the control room of the open or closed status of the valve.

3.  An audible and visual alarm, independent of ftem 2., above, that {is actuated by a
sensor on the valve when the valve is not in the fully-open position.

4. Utilizatien of a safety infection signal to remove automatically (everride) any
bypass feature that may be provided to allow an jsolation valve to be closed for
short perfods of time when the reactor coolant system is at pressure (in
accordance with provisions of the technical specificatfons).

C. REFERENCES
V. Arkansas 1, Unft 1, Safety Evaluation Report, January 23, 1973.
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IEEE Std 279, “Criterfa for Protection Systems for Nuclear Power Generating I ‘
Stations.” : K

' !
8TP 1CSB 18 (PSB), "Application of the Single Failure Criterfon to ' l ;

Manually-Controlled Electrically-Operated Valves."*
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BRANCH TECHNICAL POSITION 1€SB BF(PSB) )
USE OF DIESEL-GENERATOR SETS FOR PEAKING

A.  BACKGROUND
General Design Criterfon 17 requires that provisions be included to minimize the probabfl-
ity of losing electric power from any of the remaining supplies as a result of, or
cofncident with, loss of the main generator, loss of power from the grid, or loss of
standby power supplies. Additfenally, 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 fnoperable.” Although IEEE Std 308 does not preclude the use of emergency
diesels for nonsafety purposes, the staff concludes that the potentfal for common
faflure modes should preclude interconnection of cnsfte 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 probadbility of their common failure.

B. BRANCH TECHNICAL POSITION
General Design Criterfion 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

BACKGROUND

The staff has traditfonally required each applicant to perform stabilfity studfes 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 stabflity and avaflabjlity of offsite power
to the plant under consideration. In some cases, such as plants on the {sland of
Puerto Rico, the plant {s connected to an isolated power system of 1imited generating
capacity. These kinds of isolated power systems are fnherently less stable than
equivalent systems with supporting grid interties. It is also obvious that limited
systems are more vulnerable to natural disasters such as tornadoes or hurricanes.

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 availabiliity criterfon 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
fnclusicn of a nuclear unit will also meet this criterion. However, as a
conservative approach, the staff will examine the avaflable generating capacity of
a system, including fnterties if avafilable, to withstand cutage 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 fnclude provisfions
for additional capability and margin for the onsite power system beyond the normal
requirements, or cther measures as may be appropriate in a particular case. The
&dditional measures to be taken should be determined on an individual case basis.

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 faflure of the majn coolant pump power supply
that s presaged by an underfrequency condition), a reactor trip {is inftiated along
with disengagement of the reactor ccolant pumps from the power grid to assure that the
pumps’ kinetfc energy is avaflable for flow coastdown. Therefore, unless the pump
breakers are Class 1E 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 condftion 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 assocfated 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.  Vogtle Safety Evaluation Report, December 18, 1973.

2.  IEEE Std 279, "Criteria for Protection Systems for Nuclear Power Generating
Stations."

3.  1EEE Std 308, "Criteria for Class 1E Electric Systems for Nuclear Power
Generating Stations."

Rev. 1 8A-8
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BRANCH TECHNICAL POSITION ICSB 17 (PSB)
DIESEL-GENERATOR PROTECTIVE TRIP CIRCUIT BYPASSES

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, {.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 degradatfion.

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 conditfon. A1) those trips that are bypassed for an accident condition
may be retained for the 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 al1) the bypassed parameters fn
the control room.

3. If other trips, in addition to the engine overspeed and generator differential,
are retained for accident conditions, 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 dfesel-generator protective trips should be designed
2o meet the requirements of IEEE Std 279.

REFERENCES

1. SERs for St. Lucie Units 1 and 2 (operating 1icense and construction permit).

2. SER for SNESSAR-PI. Stone and Webster Corporation Standard Plant Design.

3. IEEE Std 279, "Criteria for Protection Systems for Nuclear Power Generating

Statfons.”

8A-9 : Rev. 1
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BRANCH. TECHNICAL POSITION ICSB 18 (PSB)

APPLICATION OF THE SINGLE FAILURE CRITERION TO MANUALLY-CONTROLLED
ELECTRICALLY-OPERATED VALVES 0

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 {s caused by a component
failing to perform a requisite mechanica) motion, or by a component performing an
undesirable mechanical motion.

This position establishes the acceptability of disconnecting power to electrical components
of 2 fluid system as one means of designing against a single fajlure that might cause

an undesirable component action. These provisions are based on the assumption that the
component s .then equivalent to a similar component that s not designed for electrical
cperation, e.g., a valve that can be opened or closed only by direct manual operation

of the valve. They are alsc 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.

BRANCH TECHNICAL POSITION
1. Faflures 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 1n designing agafnst a single faflure, even though the valve
or other fluid system component may not be called upon to function in a given
safety operational sequence.

2. Where 1t fs 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 alsc may be acceptable, to disconnect power to the electric
systems of the valve or other fluid system component. The plant technical
specifications should fnclude a Yist of all electrically-operated valves, and the
required positions of these valves, to which the requirement for removal of
electric power is applfed fn order to satisfy the single faflure criterion.

3.  Electrically-cperated valves that are classified as “active" valves, f.e., are
required to open or close in varfous safety system operational sequences, but are
manually-controlled, should be cperated from the matn control room. Such valves
may not be fncluded among those valves from which power {s removed in order to
meet the single failure criterion unless: (&) electrical power can be restored to
the valves from the main contrel room, (b) valve operation §s not necessary for at
least ten minutes following occurrence of the event requiring such operation, and e '
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(c) it is demonstrated that there fs reasonable assurance that 211 necessary
operator actions will be performed within the time showﬁ to be adequate by the
analysis. The plant technical specificatfens should fnclude a 14st of the
required posftions of manually-controlled, electrically-operated valves and should
fdertify those valves to which the requirement for removal of electric power s
applied in order to satisfy the single faflure 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
indfcation fn the main control room and the position indication system should,
{tself, meet the single failure criterion.

5. The phrase "electrically-operated valves" includes both valves ererated directly
by &n electrical device (e.g., a motor-cperated valve or 2 solenoid-operated
valve) and those valves operated indirectly by an electrical device (e.g., an

afr-operated valve whose air supply 1s controlled by an electrical solencid
valve).

REFERENCES

None.
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2,
e,% U.S. NUCLEAR REGULATORY COMMISSION

{85} STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.1 NEW FUEL STORAGE
REVIEW RESPONSIBILITIES

Primary - Auxilfary Systems Branch (ASB) |

Structural Engireering Branch (SEB

Materials Engineering Branch (MTEB

Core Performance Branch (CPE) !
Radiological Assessment Branch (RAB)

Secondary - Mechanical Engineering Branch MEBi

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 1s to maintain the new fuel in a subcritical erray during all credible
storage conditions in &ccordance 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).

5. The effects of sharing 1n 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 cverall evaluations of the system. The secondary reviews are as follows: the

USNRC STANDARD REVIEW PLAN

mmm.hnmmmmmﬁamdnmunm- ) L for the review of applications ta sonetruct and
eparats nuciesr pawer plants. Thees ‘mmmnuomummnmﬂmmmﬁpﬂquhﬁmhommmmm

ot ond € review plans are Ret substitites for regulstory guides or the Commission’s segulstions and
Semptiones with them I net reev ‘m dord review plan sections srn Reved %8 Revision 2 of the S1endard Formet and Content of Satety Analysis Raports
fot Nuciesr Power Plants. Not ol ssctions of the Btanderd Fermat have & serrespanding review plen.

Fublished standard seview plans will bs sevieed periodicstly, au apprepriste. %0 sccommedate somments end % reflect new Information end rh

np

tons fer bmpr il b tdered and shauld be sant te the U.8. Nuciesr Regutetory Commiesion, Office 8f Muciesr Resctor
Mﬂ-mmmac.m




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 qua11ficiiion 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 1s acceptable. The RAB reviews the adequacy of the radiation |
monitoring system.

11. ACCEPTANCE CRITERIA
Acceptability of the new fuel storage facility design as described in the applicant's
safety analysis report (SAR) fs based on specific general design criteriz 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 1f 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 €1, as related to the facility design for fuel storage.

6. General Design Criterion 62, as related to the prevention of criticality by
physical systems or processes utilizing geometrically safe configurations.

7. General Design Criterfon 63, as it felates to mon{toring systems provided to
detect excessive radiation levels.

8. Regulatory Guide 1.29, as related to the setsmic design classification of
facility components.

9. Fuel storage capacity and criticality 1imits as discussed in subsections 1II1.) | f
and I11.2 below.
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I11.

For those areas of review identified in subsection I of this SRP section as being the
responsibility of other branches, the acceptance criterfa and their methods of application
are contained in the SRP sections corresponding to those branches.

REVIEW PROCEDURES

The procedures below are used during the constructfon permit (CP) application review to
determine that the applicant's desfign 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 11,

The reviewer selects and emphasizes material from this SRP section as may be appropriate
for 2 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 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 l
design. The SAR's for recent 1ight 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-thirdl
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 evuluated by CPB upon request. The facility design criteria, l
safaty evaluvation, system description, and the layout drawings for the storage vault
and racks are reviewed to verify that:

a. Criticality information (including the assocfated 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., Kees 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 moderatfon. 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.].‘-3 . RQV. ]




¢. Failures of nonsafety-related systéms or structures not designed to sefsmic
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 sefsmic design classifica-
tions for structures and systems are reviewed and evaluated to assure that this
condition 1s 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 {s acceptable 1f jJustification is
presented. The evaluation procedures {denttfied 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. 4 ‘

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 roquired, 1f the facilfty fs 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 9
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 1 requirements.

The 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 generated missfles fs provided. Flood protection and
missile protection criteria are discussed in the appropriate 3.0 sections of thej

L4

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 corritment at the CP stage.

IV. EVALUATION FINDINGS I

The reviewer verifies that the information provided and his review support conclusions of
the following type to be 1ncluded in the staff's safety evaluation report:

"The new fuel storage facility fncludes the fuel assembly storage racks, the concrete
storage vault that contains the storage racks, and auxiltary components. Based on
the review of the applicant's proposed design criteria, destgn bases and safety



classification for thie new fuel storage facility regarding the provisions necessary
; to maintain a subcrittcal array, the staff concludes that the design of the new fuel ;
! 0 storage facility and supporting systems is in conformance with the Conmissfon's !
i regulations as set forth in the General Design Criterion 2, "Design Bases for the
Protection Against Natural Phenomena™; General Desfgn Criterton 3, "Fire Protection;
General Design Criterion 4, "Environmental and Missile Design Bases™; General Design
Criterfon 5, "Sharing of Structures, Systems, and Components”; General Design
Criterion 61, "Fuel Storage and Handling and Radicactivity Control®; General Design J
Criterion 62, "Prevention of Criticality in Fuel Storage and Handling"; General Design
Criterion €3, "Monitoring Fuel Waste and Storage"; and meets the guidelines of Regula-
tory Guide 1.29, "Seismic Design Classification® and, therefore, is acceptable. '

V. REFEREMCES
Y. 10 CFR Part 50, Appendix A, General Design Criterfon 2, "Design Bases for Protection
Against Hatural 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
Des{ign Bases.”

4. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,

o 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, "Preventfon of Criticality
in Fuel Storage and Handling."

7. 10 CFR Part 50, Appendix A, General Design Criterion €3, "Monitoring Fuel Waste and
Storage."

L]

8. Regulatory Guide 1.29, "Seismic Design Classification."
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i 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 1s in conformance with the Commissfon's
regulations as set forth in the General Design Criterion 2, “Design Bases for the
Protection Against Natural Phencmena"; 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 Radicactivity 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.

V. REFERENCES
1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Hatural Phenomena.”

2. 10 CFR Part 50, Appendix A, General Design Criterton 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, &nd 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, "lonitoring Fuel Waste and
Storage.”

B. Regulatory Guide 1.29, "Setsmic Design Classificatfen."”
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION S.1.2 SPENT FUEL STORAGE

REVIEW RESPONSIBILITIES
Primary - Auxiliary Systems Branch (ASB)

Secondary - Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Enginecering Branch (MTEB)
Core Performance Branch (CPB)
Radiological Assessment Branch (RAB)

1. 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 lozding 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
1iner plate, and the associated equipment storage pits to assure conformance with the
requirements of Genera) Design Criteria 2, 3, 4, 5, 6], 62, and 63. The cooling and
cleanup systems are reviewed independently in SRP Sectfon 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
rlassification
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I1.

2. The provisions to preclude dropping the spent fuel shipping cask intc the pool are
reviewed separately in conjunction with the review of the cask loading pit area in

SRP Sectfon 9.1.4, o

3. The ASB review of the provisions for maintaining the pool level and cooling §s dis-
cussed in conjunction with the spent fuel cooling system review fn SRP
Section 9.1.3.

4. The epplicant'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 desfgn 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 fn SRP Sections 3.9.2 and 3.10 and confirms that components and structures are
designed in accordance with applicable codes and standards fn SRP Section 3.9.3. The
MTEB verifies, upon request, the compatibility of the materfals 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 systenm.

ACCEPTANCE CRITERIA - o

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 {f the integrated design fs in accordance with the following criteria:

1.  General Design Critericn 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.  Genera) Design Criterion 3, as related to protection agajnst fire hazards,

3. General Desfign Criterfon 4, as related to structures housing the facilfty and the
facility itself being capable of withstanding the effects of external missiles and
internally generated missiles, pipe whip, and jet impingement forces assocfated with
pipe breaks, such that safety functfons will not be precluded.

4. General Design Criterion S, as related to shared structures, systems and components
important to safety being capable of performing required safety functions. e
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§. General Design Criterion 61, as related to the fact)ity desfgn for fuel storage and
handling of radicactive materfials.

6. Genera) Design Criterion 62, as related to the prevention of criticality by phyi?cal
systems or processes utilizing geometrically safe configurations.

7. Genera) Design Criterfon 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 radfation 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 V.29, as related to the sefsmic desfign 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.

1. Regulatory Guide 1.715, as related to the protection of structures, systems, and
components fmportant 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 $n III.1 and III.2
below.

For those areas of review fdentified in subsection 1 of this SRP section as being the
responsibility of other branches, the acceptance criteria and their methods of application
are contatned in the SRP sections corresponding to those branches.

REVIEW PROCEDURES ‘

The pracedures 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 criterta will be utilized to verify
that the initia) design criteria and bases have been zppropriately implemented in the
final design. The OL veview 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.
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Upon request from the primary reviewer, the sgcondafy revféi'bfanches will provide {nput
for the areas of review stated in subsection 1. The primary reviewer obtains and uses L
such 1nput as required to assure that this review procedure is complete, a '

The review procedures given below are for a typical storage system. Any varfance of the
review, to take account of a proposed unique design, will be such as to assure that the
factflity design conforms to the criteria in supbsection II. The reviewer selects and
emphasizes material from this SRP section as may be sppropriate 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 §s reviewed to
determine that the design basis and facility description section has stated the
storage capacity provided by the design."lhe SARs for light water reactor applica-
tions have stated that the storage space provided is consistent with the max$mum
number of spent fuel assemblies unloaded from the core during the refueling cycle
plus the fuel contafned in a full core load (e.g., 1-1/3 core for a single unft
plant and 1-2/3 core for a dual unit facility). Recent 1ight 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. ASE 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 {s evaluated by CPB upon request. The facility design criteria,
safety evaluation, system description and the layout drawings for the spent fuel - e
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 mafntain the array, when fully
loaded and flooded with nonborated water, in a subcritfical 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 fn a design location.

¢. Fallures of nonsafety-related systems or structures not designed to sefsmic
Category I that are located in the vicinity of the spent fuel storage facility
are reviewed to assure that their faflure will not cause an fncrease in Keff to
exceed the maximum allowable. The SAR description section, the general arrange-
ment and layout drawings, and the tabulation of seismic desfgn classifications
for structures and systems are reviewed and evaluated to asswre that this
condition is met., A statement in the SAR establishing the above condition as a
desfgn 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
e 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 {s acceptable if justification is presented. The evaluation procedures
jdentified in SRP Section 9.1.4 are used to valfdate this statement.

e. The spent fuel storage poo) and racks are desfgned to preclude damage from
dropped heavy objects.

f. Sharing of storage facilities in multi-unit plants will not increase the poten-
tial for the ‘ess of poo) 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 verifv 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

o will be designed and constructed as & seismic Category I system. (CP)

b. If the spent fuel pool Tiner plate will not be designed and constructed to
seismic Category I requirements, the spent fuel pool liner plate {s reviewed to
verify that a f2ilur2 2% *he liner plate as a result of an SSE will not cause
any of the fo\lowing:(,)

4
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;

II)Ehe 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 constructfon permit applications docketed after November 17, 1977, which {s 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
fnduced fn the fuel poo) 1iner plate welds due to an SSE will usually be well below the
maximum allowable stress tevels and therefore liner faflure is not considered a 1ikely
event. Even in the event that a liner plate failed, 1t would not 1ikely 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 sefsmic design is not
considered a significant safety issue and backfit is not required.
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3. loss of abilfty to coo) the fuel due to flow blockage caused by a portfon
or one complete section of the Yiner plate falling on top of the fue)
racks; ) '

4. Damage to safety-related equipment as a result of the pool leakage; and

§. Uncontrolled release of significant quantities or radfcactive fluids to
the envi 'ons.

c. The essentia) 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. ASE 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 ver{fy 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 e
phenomena. Accordingly, the reviewer verifies that the loading pit has been designed
s$0 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 locading 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
{ntent. )

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 te withstand the loads from dropped heavy objects including the
shipping cask, and that the loading area is not an fntegral 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 1ikelihood of dropping "heavy loads fs done under SRP @
Section 9.1.4,
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EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions
of the following type, to be included fn 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 oquipment
storage pits. Based ofi 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," Genera) Design Criterion 61, “Fuel Storage and Hand)ing and Radio-
activity Control,”" General Design Criterion 62, "Prevention of Criticality in Fuel
Storage and Hand)ing," General Design Critarion 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 Desfgn 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,
"Jornado Design Classifi.ation," and, therefore, {s acceptable.

REFERENCES

1.

o

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Natural Phenomena.”

10 CFR Part 50, Appendix A, General Design Criterion 3, "Fire Protection.”

10 CFR Part 50, Appendix A, General Design Criterfon 4, "Environmental and Missile
Design Bases.”

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

10 CFR Part 50, Appendix A, General Design Criterion 61, "Fuel Storage and Handling
and Radioactivity Control.”

10 CFR Part 50, Appendix A, General Design Criterion 62, "Prevention of Criticality
in Fuel Storage and Handling.”

10 CFR Part 50, Appendix A, General Design Criterion 63, “"Monitoring Fuel and Waste
Storage.”
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12.
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Regulatory Guide 1.13, “Fuel Storage Facility Oesighinasis.“

Regulatory Guide 1.29, “"Seismic Design CIassification.*

Regulatory Guide 1.102, "Flcod Protection for Nuclear Power Plants.”
Regulatory Guide 1,115, "Protection Against Low-Trajectory Turbine Missiles.”

Regulatory Guide 1.117, "Tornado Design Classification.”
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NUREG-75/087
U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.3 SPENT FUEL POOL COOLING AND CLEANUP SYSTEM
REVIEW RESPONSIBILINIES

Priiary - Auxiliary and Power Conversion Systems Branch (APCSB)

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 REVIEM
A1l nuclear reactor plants include a spent fuel pool for the wet storage of spent fuel
assemblies. 1he 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 211 cases remains the same; that is, the
spent fuel assemdblies 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 {s 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.

¢. The ability to provide alternate cooling capabilfity and the associated time
required for operation.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidancs ot the Otfige of Nuctosr R ! lon staft Je fer the review of applications te senstruct and
sporete Auciesr power pmm These & are made 10 the putiic as psrt of the Commission‘s policy to inform the nuclesr industry snd the

s i public of regul l and policies. Siandard ceview plans sre not substitutes for regulatory guides or the Commission’s nuuhlhm snd
sempiiance with them e “I nwmd The stonderd review lan sactions are keved to Revision 2 of the dard Pormat and C ot Setery A L
for Nuclear Power Plants. Not oll pectiens of the Standard Fermet have a corresponding review plan.

Published standsrd review plana will be revised periedically. as riate, to ']
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[~ and h ter mp witt be idered and should ba sent te the U.S. Kuctear Raguistery C tssion, Cilice of Nuclear R
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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 L
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 faflures.
g. The instrumentation provided for initizting appropriate safety actions.
h. The ability of the system to maintain uniform pool water temperature conditions
and minimize corrosion products, fission products, and impurities {n the water.

The applicant's proposed technical specifications are reviewed for operating license
applicatfons 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 evalyation 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 {n accordance with
applicable codes and standards. The RSB determines that the assigned sefsmic and

quality group classifications for the system components are acceptable. The MTEB verifies
that {nservice 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.

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 criterfa:

2. 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 flcods, 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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¢. General Design Criterion 5, as related to shared systems and components important
to safety being capable of performing required saféty functions.
d. General Desfgn Criterion 44, to inciude:

(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 211 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 capabflity 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 conditfons 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 quility group classification of the system
and 1ts components. _

1. Regulatory Guide 1.29, as related to the sefsmic design classification of system
components.

m. Branch Technical Position APCSE 3-1, as 1t 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.




1I11. 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 2cceptance criterfa given in e
Section II of this review plan. For the review of operating license (oL) applications,
the review procedures and acceptance criterfa and bases have been appropriately implemented
fn the final design as set forth in the final safety analysis report. The review procedures
for OL applications include & determination that the content and {ntent of the technfical
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.

L em meemrenn, e L

The review procedures given below are for a‘typical 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 I1. In the review, the spent fuel pool cooling and cleanup system
is evaluated with respect to 1ts 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 pert2ining to the design bases and criteria
and the safety evaluation section. The SAR section on the system functional performance
requirements is a1so 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 e
will be followsd to detect and correct these conditions should degradation become exces- ‘
sive. The reviewer, using failure modes and effects analyses, determines that the
system {3 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 2lso reviewed to see that
they show the means for accomplishing {solation 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
autcmatically 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 systeme

will be designed and constructed as a sefsmic category I system.




¢. The stated quantity of fuel to be cooled by the spent fuel cooling system {s 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 1iquid level in the pool is
maintained. The assoctated parameters for the decay heat load of the fuel assem-
blfes, 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 spent 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 appr&kimately 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
classifiﬁation table to assure that the primary makeup system is designed as a
seismic Category I system. The secondary (backup) system need not be 2 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 assocfated hookups
are consistent with heatup times or expected leakage from structural damage.

g. Destgn provisions have been made that permit appropriate inservice {nspection
and functional testing of system components important to safety. It will be accept-
able 1f 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.

The review verifies that the system has been designed so that system functions will

be maintained, as required, 1n 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 fajlure modes and effects analyses to determine
the following:

a. The faflure 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 2s well as to the SAR tab-
uvlation 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 essentia) portions of the spent fuel pool coolfng system are protected from
the effects of floods, hurricanes, tornadoes, and fnternally or externally gener-
ated missiles. Flood protection 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 o
Tocated in 2 seismic Category I structure that 1s 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 missfles is acceptable.
The location and design of the system, Structures, and pump rcoms (cubfcles) are
reviewed to determine that the degree of protection provided is adequate.

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 1s 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. : '

¢. 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 radiocactivity. Radio-
activity monitors and conductivity monitors located in the system discharge lines
are acceptable means for implementing this requirement.

The essential portions of the system must be protected from the effects of high and O
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 1n Section 3.6 of the SAR, and the procedures for reviewing

this information are given in the corresponding review plans.

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 drawingé,
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.

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 compariscus with previouslyﬁipproved systems
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are used to verify that where a non-safety-related system interconnects or {nterfaces
with the cooling system, fts faflure 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&Ds and assocfated 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 poo]Q

d. 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 can2) 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.

1V. 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 a)1 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 makeup, 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
dfagrams, piping and instrumentation diagrams, and descriptive information for the
system and the supporting systems that are essentfal 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 {s in conformance with the
design criteria and design bases.  (0L)]

"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 Commission's regulations as set forth in the
general design criteria, and to applicable regulatory guides, tranch technical positfons,
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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V. RETERENCES

1.

(S

10.

1.

12.

10 CFR Part 50, Appendix A, Genéra! Design Criterfon 2, "Design Bases for Protection
Against Natural Phenomena."

4

10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures, Systems
and Components.” '

10 CFR Part 50, Appendix A, General Design Criterion 44, "Cooling Water."

10 CFR Part 50, Appendix A, General Design Criterfon 45, "Inspection of Cooling Water
System."

10 CFR Part 50, Appendix A, General Design Criteribn 46, "Testing of Cooling Water
System.” '

10 CFR Part 50, Appendix A, General Desi§n Criterion 61, "Fuel Storage and Handling and
Radioactivity Centrol.” " '

10 CFR Part 50, Appendix A, General Design Criterion 63, "Monitoring Fuel and Waste
Storage.”

Regulatory Guide 1.13, "Fuel Storage Facility Design Basis." 9

Regulatory Guide 1.26, "Quality Group Classificatifon and Standards for Water-,
Steam-, and Radioactive Waste-Containing Components of Nyclear Power Plants.”

Regulatory Guide 1.29, "Seismic Design Classification,” Revision 1.

Branch Technical Position APCSB 3-1, “Protection Against Postulated Piping Failure in
Fluid Systems Qutside Containment,” attached to Standard Review Plan 3.6.1.

®

9.'.3‘8

o g o




.5. NUCLEAR REGULATORY COMMISSION

u
STANDARD REVIEW PLAN

. OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.4 FUEL HANOLING SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB) 0
Secondary - Structural Engineering Branch (SEB)

Mechanical Engineering Branch (MEB)
Materials Engineering Eranch (MTEB)

Instrumentation and Control Systems Branch (ICSB) t
Radiolegical Assessment Branch (RAR) |
Power Systems Branch (PSB) .

"

1. AREAS OF REVIEW
The ASBE reviews the fuel handling system (FHS) consfsting of al) components and equipment
used in moving fuel from the recefving 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, incluaing the areas of movement over and around the fixed locations
of safety-related facilities during fuel handling, is reviewed to determine that the
varfous handling operations can be performed safely. The main emphasis in the FHS review
is on critical load handling in which inadvertent operaticns or equipment malfunctions,
either separately or in combination, could cause a release of radfoactivity or prevent

O safe shutdown of the reactor.

1. The ASB reviews the transporting, hoisting, and rigging operations in the fuel han- |
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 fntegrated system:

a. Performance and load handling requiremenrts 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 STA\NDAHD REVIEW PLAN

Stondard seview plans are prepared for the guldance of the Otfice of Nuclear Resctor Ragulation staft ble for the review of sppiicat|
é o b P *pp! jons 10 eenstruct and
operste nucies: power plants. These s ars mads 10 the public su part of tha Commission’s policy to Infarm the nuclear Industry and the

gonersl pudlic of reguistory 9 ond dard review plans are not substitutes for regulatory guides or the Commissien’s
regulations and
g eempliance with them is et required. The stendard review plan sections are keyed to Revislon 2 of the Stsndard Fermat end Content of Safety Analysis Reponts

for Nuclesr Power Plams. Kot sll sectiens of the Standard Fermet heve 8 sorresponding review plan,
Published srandard review plans will ba revised periodicalty. 8 appropri *° d
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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. |

The SEB will determine the acceptability of the design analyses, procedures, and criteria

used to establish the ability of seismic Category 1 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 (PHF), 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. T[he 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.

11. 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 9
general design criteria, regulatory guides, and safety standards and engineering codes. |
Listed below are specific criteria as they relate to the FHS.

The FHS §s 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, and if the design conforms to the following criteria:

1.  Genera) Design Criterion 2, as related to the abflity 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 compenents, machinery; and subsystems,
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6. Branch Technical Position ASB 9-1, as related to:

5. Engineering society desfgn standards, codes, or {ndustry standard specifications

applicable to the selection of components and subsystems.

a. Cranes whose purpose 1s 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 radicactive materials,
then the crane should be designed (including associated rigging and connections
1o 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.

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 {s 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 varfations in the designs of
proposed handling systems; hence, there will be ‘variations 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 I1. For operating license (OL) |
reviews the procedures are used to verify that the design criteria and bases have bzen
appropriately implemented in the FHS final design.

Upon request from the primary reviewer, the secondary review branches will provide fnput
for the areas of review stated in subsectfon 1. The primary reviewer obtains and uses

such input as required to assure that this review procedure fs 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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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.

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 fndustria) or marufacturing associatfon standards selected and used are
adequate and appropriate for the FHS,

Crane information presented in the SAR {s 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 1ifting 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, 1f dropped by the crane, will cause the most damage), its weight and
center of gravity, 1ifting points, stability, and handling speeds, are compared
with the performance specifications tc 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 anh independent
analysis to determine acceptability of the system.

b. The instrumentation and control system, including the 1imit 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

1imits loads or limits crane load movement, assuming a single failure, without
affecting the function of essential equipment or causing the release of
radiocactivity.

€. The description of operating and test procedures presented in the SAR is reviewed

to determine that load proof-testing, design-rated lcad testing, nondestructive
testing, preventative checks, and examinations of hookup are in accordance with
the requirements of the safety standards set forth in ANSI standards.

For cranes that have been designed to be single faflure-proof, the reviewer determ"esl

that the design conforms to Branch Technical Position ASB 9-1,
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The fnformatfon presented in the SAR for the fuel handling equipment, including the
equipment storage areas, fs reviewed to determine that & seismic event cannot result
in damage to spent fuel or essential equipment.

The fuel transfer carrfage design §s reviewed to determine the means of preventing
damage to fue) assemblies due to movement of the carriage when the "upender" is in
the vertical position.

The review for OL applications includes a determination that the content and intent
of the technica) specifications are in agreement with the requirements for system
testing, minimum performance, and surveillance developed as a result of the staff's
review.

EVALUATION FINDINGS
The reviewer verifies that the information provided and his review support conclusfons of
the following type, to be included in the staff's safety evaluation report:

"The fuel handling system includes all coﬁponents 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 s in conformance with the
Commission's regulatifons as set forth in General Desfgn Criterion 2, "Desfgn Bases
for the Protection Against Natural Phenomena," General Design Criterion 5, "Sharing
of Structures, Systems, and Components,” and meets the guidelines fn Regulatory
Guide 1.29, "Seismic Design Classification,” and Branch Technfcal Position ASB 9-1,
"Overhead Handling Systems for Nuclear Power Plants,” and therefore i{s acceptadble.”

REFERENCES

1.

10 CFR Part 50, Appendix A, General Design Criterion 2, “"Design Bases for Protection
Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Desigﬁ Criterion 5, "Sharing of Structures,
Systems and Components."

Regulatory Guide 1.29, “"Seismic Design Classification.”

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 -1 |
OVERHEAD HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS

A.  BACKGROUND .
Overhead handling systems are used for handling heavy ftems at nv~lear power plants. The
handling of heavy loads such as a spent fuel cask raises the poss .i1ity of damage to the
load aid 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 §s 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 systefms:

1. - Overhead handling systems used to handle the spent fuel cask should be designed such
that travel directly over spent fue! 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. Ovarhead handling systems used to handle heavy loads inside contafnment 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 contafnment need not be
single failure-proosf 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 1ift and transfer a load from one locaticn to another.
Primary load-bearing components, equipment, and subsystems such 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.
It the hoisting system (rafsing and lowering) includes two mechanical holding brakes,
each with better than full-load stopping capacity, that are automatfcally activated when
electric power is off or when mechanfcally tripped by overspeed or overload devices, a
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critical Yoad wil) be safely held or controlled tn case of failure {n the fndividual
load-bearing parts of the bcistinq machinery. Faflure of the bridge or trolley travel to
stop when power is shut off or an cverspeed or overload condftion due to malfunction or

faflure in the drive system can be prevented and controlled by appropriate safety and
1imit devices and brake systems,

Since the crane industry has not yet developed codes or standards that adequately cover
the design, operatfon, 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 fnadvertent operstion or malfunctfon of the mechanical
supporting and moving components of the handling system.

9.1.4-6a Rev. 1
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BRANCH TECHNICAL POSITION

Overhead handling systems intended to provide single failure-proof handling of loads should
be designed so that noc 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 operatfon. 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.

5. The cperating 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
operatfon. Fracture toughness for the steel structural materials should be -
considered. Plate thickness, with 2 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.

¢. The crane should be classified as seismic Category I and should be capable of

retafning 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 thefr runways with or with-
out the design load during operation or under seismic loadings. The design rated
load plus operationdl 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 wefight for the design of the bridge.

d. A1l weld joints for load-bearing structures, including those susceptidble 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
8. 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 Yoad 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.

¢. Means should be provided for devices which can be used {n repafring, adjusting, or
replacing failed components or subsystems when failure of an active component or
subsystem has occurred and the load s supported and retained in the safe (temporary)
posftion with the system fmmobile. 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 1ifting

device, designed so that each attaching point will be able to support a static load
of 3W (W is weight of the desfgn rated load), without permanent deformation other
than that due to localized stress concentrations in areas for which additional
materfal has been provided for wear.

b. Lifting devices such as 1ifting beams, yokes, laddle or trunnion type hooks, slings.
toggles, or clevises 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 shouid
be no greater than 5 fpm.

d. The head and load blocks should be designed to mafntain a vertical load balance
about the center of 1ift from the load block through the head block, and should
have a dual reeving system. The load block should maintain alfgnment and 2 posi-
tion of stability with efther system and be able to support 3W and maintain load
stability and vertica) 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 configuratibn
of ropes and vope 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 (INRC) or comparable
classification.

The stress in the lead 1ine to the drum during hoisting at the maximum design
speed with the design rated load should not exceed 20X of the manufacturer's
rated strength of the rope. The static stress in rope (load 1s stationary)
should not exceed 12-1/2% of the manufactirer's rated strength. Line speed
during hoisting (raising or lowering) should not exceed 50 fpm.

The max$mum fleet angle from drum to lead sheave in the Yoad block should not
exceed 3-1/2 degrees at any point during hofsting and there should be only one
180° 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 1f 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 IMRC classification wire rope, pitch
diameter of the lead sheave should be 30 times rope diameter for the 180° reverse
bend, 26 times rope diameter for running sheaves, and 13 times rope diameter for
equalizers. The pitch dfameter 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 drum or separate drums with a sheave or beam equalizer, or any other
combination which provides two separate and complete reeving systems.

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 1s 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 manufacturer's plant. Each reeving system and each one of the load
attaching devices should be assembled with approximately & 6 inch clearance
between head and load blocks and should support 200% of the design rated load
without degradatfon 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.

Means should be provided to sense such 1tems as electric current, t..-.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,

The c¢ontrol systems may be designed as combination electrical and mechanical (0
systems and may fnclude 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 s-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 consider hoisting (raising and lowering) of

211 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.

The mechanical and structural components of the hoisting system should have the
required strength to resist failure should "two-blocking"l/ or "load hangup"g/
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 hofsting 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.

The load hoisting drum on the trolley should be provided with structural and @
mechanical safety devices to ﬁrevent the drum from dropping, disengaging fron its

holding brake system, or rotating, should the drum or any portion of its shaft or

bearings fail.

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
requiremeat to hoist the design rated load at the maximum desigr hoist speed.

The minimum hoist braking system should include one power control braking sysfem
(not mechanical or drag brake-type) and two mechanical holding brakes. Tie holding
brakes should be activated when power is off and should be automatically tripoed
by mechanical means on overspeed to the full holding position if 2 malfunction
occurs in the electrical brake controls. Each holding brake should be designed to
125% - 150% of maximum developed torque at the point of application {location of

- the brake in the mechanical drive). ‘he minimum design requirements for braking

1/“Two-blocking“ §s an inadvertently continued hotst which brings the load and head block assem-
blies into physical contact, thereby preventing further movemant of the load block and
creating shock loads to rope and reeving system.

g/'Load hangup” occurs when the load block or load {s stopped during hoisting by entanglement {
with fixed oblects, thereby overlcading the hoisting system. ‘
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systems that will be operable for emergency lowering after a single brake faflure
should be two holding brakes for stopping and controlling drum rotatfon. Provisions
should be made 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 cperation 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 1ifted with all components positioned and anchored on the
trolley machinery platform, '

0. Increment drives for hoisting may be provided by stepless controls or fnching
motor drives. P\uggingél should not be permitted. Controls to prevent plugging
should be included in the electrical circufts and the control system. Floating
pointﬂl 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 110% 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 {tems as variable speed or

Q fnching motor drives. Control and holding brakes should each be rated at 100% of
maximum drive torque at the point of applicatfon. If two mechanical brakes are
provided, one for control and one for holding, they should be adjusted with one
brake 1n 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” posftion in the event of a malfunction in the
power supply or an overspeed conditfon. Provisfons should be made for manual
operation of the brakes. The holding brake should be designed so that §t 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 {dentfcal dfameters. Trolley and bridge
speeds should be lim{ted. A maximum speed of 30 fpm for the trolley and 40 fpm
for the bridge {s 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

E/P\ugging {s the momentary epplication of full 1ine power to the drive motor for the purpose of
promoting a 1imited movement.

The point 1n the lowest range of movement control at which power 1s on, brakes are off, and

e motors are not energized.
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bridge. Additional cabs located on the trolley or 1ifting devices should have
complete control syétems similar to the bridge cab., Manual controls for hoisting
and trolley movement may be provided on the trolley. HManual 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 hofst (raising or
lowering) and for trolley and bridge travel movements. Buffers for bridge and
trolley travel should be included.

Safety devices such as iimit type switches provided for malfunction, inadvertent
operation, or failure should be in additfon to and separate from the control
devices provided for operation.

The operating requirements for all travel movements (vertical and horizontal
movements or rotation, singly or fn combination) for permanent plant cranes
should be clearly defined in the operating manual for hoisting and for troiley
and bridge travel. The designer should establish the maximum working load (MWL).
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 auxilfary-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.

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 fnclude the replacement of such items as motor drives, blocks, and
reeving system. After constructfon 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 1s used as permanent plant equipment.

Installation instructions should be provided by the manufacturer. These should
include 2 full explanation of the crane handling system, 1ts controls, and the

limitations for the system, and should cover the requirements for {nstallatfon,
testing, and preparations for operation.

2.1.4-12
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4. Mechanical Checks, Testing, and Preventive Maintenance

b.

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 fnstallatfon the proper assembly of electrical and structural components
should be veriffed. 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 should provide & manual of information
and procedures for use in checking, testing, and crane operation. The manual
should also describe & 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, rnondestructive 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.

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 result 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
handiing system should demonstrate the ability to lower and move the design rated
Toad 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 dblock 1imit 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 fnertiz 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 & test in which the load block attaching points are secured
to & fixed anchor or excessive 10ad. The drum should be capable of one full
revolution before starting the hoisting test.

90104‘13



c.

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 sfde of the crane for each @
hoisting unit. It 1s recommended that eriticel locad handling cranes should be
continuously maintatined at 95% of DRL capacity for the MWL capacity.

REFERENCES

.

Regulatory Guide 1.50, "Control of Preheat Temperature for Welding of Low-Alloy
Steel."

"Table of Engineering, Manufacturing, and Operating Standards, Practices, and
References," attached to this position.
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AISE

ATSC

ASME

ASTM

ANS1

IEEE

AWS

EEI

SAE

CMAA

NEMA

WRTB

MHI

WRC

| TABLE OF
ENGINEERING, MANUFACTURING, AND OPERATING STANDARDS,
PRACTICES, AND REFERENCES

1

Association of Iron and Steel Engineers (Std. No. 6).

electrical, mechanical, and structural components.

General {tems for overhead
cranes and specifically for drums, reeving systems, blocks, controls, and

American Institute of Steel Construction, "Manual of Steel Construction.”
Runway and bridge design loadings for {mpact, and structural supports.

American Society of Mechanical Engineers. References for testing, materials, and

mechanical components.

American Society for Testing Materials. Testing and selection of materials.

American National Standards Institute (A10, B3, B6, B15, B25, B30 and N45 series).
N weries ot ANSI standards for quality control. ANSI consensus standards for

design, manufacturing, and safety.

Institute of Electrical and Electronics Engineers. Electrical power and control

[}

systems.

American Welding Society (D1.1.72 - 73/74 revisions).
and standards for crane structure and weldments.

Edison Electrical Institute. Electrical systems.

Fabrication requirements

Society of Automotive Engineers, "Standards and RecommendeJ Practices.”
Recommendations and practices for wire rope, shafting, lubrication, fasteners,

materials selection, and load stability.

Crane Manufacturers Association of America (CMAA 70). Guide for preparing functional
and performance specifications and component selection.

National Electrical Manufacturers Assocfation. Electrical motor, control, and

component selections.
¥

Wire Rope Technical Board and their manufacturing members.

reeving system, and reeving efficiencies.

Selection of rope

Materials Handling Institute and their member associations and association
members such as American Gear Manufacturing Assocfation for gears and gear
reducers and Antifriction Bearing Manufacturers Assocfation for bearings selection.

Welding Pesearch Council, "Control of Steel Construction to avoid Brittle

Fracture,” and Bulletin #168, "Lamellar Tearing."
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U.S. NUCLEAK REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

"*.C
SECTION 9.2.) STATION SERVICE WATER SYSTEM
REVIEW RESPONSIBILITIES
Primary - Auxiliary Systems Branch (ASB) i

Secondary - Reactor Systems Branch (RSB)
Instrumentation and Control Systems Branch (ICSB) |
Structural Engineering 8ranch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
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 Genera) 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 Yow 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 ASB reviews the characteristics of the $WS 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 & loss-of-coolant
accident (LOCA) with the loss of offsite power. Since the SWS normally has l

requirements that relate to cooling functions during normal plant ocperation 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 malfunctfon, a failure of a i
component, or the loss of & cooling source will not reduce the safety-related
functional performance capabflities of the system. Specifically, the system {s
reviewed to verify that:

USNRC STANDARD REVIEW PLAN
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a. System components and piping have sufficient physica) separatfon 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. Desfgn 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 portfons 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 systeus.

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
fncluding the capability for detection and control of radicactive leakage into
and out of the system and prevention of accidental releases to the environment.

¢. Measures to preclude long-term corrosion and organic fouling that would tend
to degrade system performance.

" d. Provisfons for system and component operational testing, including the instru-
mentation and control features that determine and verify that the system {s
_ 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. |
Segondary reviews are perfermed by other branches and the results used by the ASB to l
complete the overall evaluation of the system. The RSB identifies essential components

associated with the reactor ccolant 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 tornade 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 evaluate the system controls, instrumentation, and |
power sources with respect to capabilities, capacity, and relfabflity for supplying
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power during normal and emergency conditions to safety-related pumps, valves and other
components,

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 cyiteria;and regulatory guides. Listed below are
specific criterfa 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:

General Design Criterion 2, &s related to structures housing the system and the
system ftself being capable of withstanding the effects of natura) phenomena, such
as earthquakes, tornadoes, hurricanes, and floods.

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
internallf generated missiles, pipe whip, and jet impingement forces associated
with pipe breaks.

Genera) Design Criterion 5, as related ‘to the capability of shared systems and

components important to safety beinq capable of performing required safety
functions.

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.

p. 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 isclate components, subsystems, or piping {f required so
that the system safety function will not be compromised.

General Design Criterion 45, as related to design provisions to permit inservice
inspection of safety-related components and equipment.

General Design Criterion 46, as related to design provisions to permit operational
functional testing of safety-related systems and components.

Regulatory Guide 1.26, as related to the quality group classification of systems
and components.
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111.

8. Regulatory Guide 1. '3, 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 misstles.

i

11. Branch Technical Position ASB 3-1, as related to breaks fn high and moderate energy
piping systems outside containmenti

For those areas of review {dentified in subsection I of this SRP section as befng the
responsibility of other branches, the acceptance criteria and their methods of appli-
cation are contained in the SRP sections corresponding to those branches.

REVIEW PROCEDURES

The procedures set forth below are used during th: 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 II. For review of operating 1icense (0L) applications, the review procedures |

and acceptance criteria are utilized to verify that the initfal design criteria and

bases have been appropriately implemented in the final design as set forth in the final

safety analysis report. i e

Upon request from the primary reviewer, the secondary review branches will provide input
for the areas of review stated in subsectfon 1. 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 varfous SWS desfgns provided, there will be varfations 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 fdentical 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 tn subsection II. Also, the reviewer
will need to refer to SRP sections for other systems that would fnterface 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 §s reviewed to determine that the system description and piping and |
instrumentation diagrams (P&IDs) show the SWS equipment that §s used for normal
0 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 jystem 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&I1Ds 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

e 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 provisfons 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 isclation valves that would be required by thfs 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,
tornadees, 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 fajlure
mode and effects analyses, and the results of reviews performed under other SRP
sectfons to verify the following: ‘

o a. The fajlure 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-scismic Category 1 structures that house, support, or are close to
essential portions of the SWS, will not preclude operatfon of the essential
portions of the SWS. Reference to SAR Chapter 2 describing site features and
the general arra.gement and layout drawings will be necessary as well as the
SAR tabulation of sefsmic design classifications for structures and systems.
Statements in the SAR that verify that the above conditions are met are
acceptable. (CP) ) '

The essentfal 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
detai) under the Section 3 serfes of the SRP. The reviewer will utilize the
procedures fdentified in these SRP sections to assure that the analyses
presented are valid. A statement to the effect that the system is located in
a sefsmic Category ] structure that §s 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 vocms
{cubicles) are reviewed to determine that the degree of protection provided is
adequate.

The SWS pumps will nave 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 fndependent calculation verifying the applicant's conclusion
will be necessary for acceptance,

Provisions are made in the system to detect and control leakage of radioactive
contaminatfon into and out of the system. It will be acceptable if the system
P&1Ds 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,

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 5AR and
the procedures for reviewing this information are given in the corresponding
SRP sections.

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 auxilfary electric power source. The SAR s 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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ninfmum 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 relfability.

g. Provisions are made for protection of the essential service water supply from
potentia) 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 informatfon, P&IDs, 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 fai.,ure mode and effects analysis
presented in the SAR to assure function of required components, traces the avail-
abiiity 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 situatfon 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 te 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, desfgn 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 cof 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 Design Bases," General Design Criterfon 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 Radicactive 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 Technica) Position ASB 3-1, "Protection

Against Postulated Piping Failures in Fluid Systems Outside Containment," and
therefore is acceptable.
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V.  REFERENCES 4

1. 10 CFR Part 50, Appendix A, ‘Genera) Design Criterion 2, "Design Bases for Protection
Agatnst Natural Phenomena.” :

2. 10 CFR Part 50, Appendix A, General Design Criterfon 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."

S. 10 CFR Part 50, Appendix A, General Design Criterfon 45, "Inspection of Cooling
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6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water
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7.  Regulatory Guide 1.26, 'Quality Group Classification and Standards For Water-,
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8. Regulatory Guide 1.29, "Seismic Design Classificatfon." |

9. Regulatory Guide 1.102, “Flood Protection for Nuclear Power Plants.”
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8 % U.5. NUCLEAR REGULATORY COMMISSION
<
&) STANDARD REVIEW PLAN
%, faga® «® 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 - Fcactor Systems Branch (RSB)
Electrical, Instrumentation and Control Systems Branch (EI1CSB)
Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
1. 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 1s 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 auxiliary cooling systems to provide adequate

cooling water to safety-related ECCS components and reactor auxiliary equipment for all

planned operating conditions. The review in-'udes the following points:

a. The functional performance requirements of the system including the ability to
withstand adverse environmental occurrences, operabilfty requirements for normal
operation, and requirements for operation during and subsequent to postulaied
accidents.

b. Multiple performance functions (if required) assfgned 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 (NPSK) for the auxiliary
cooling pumps. '

e. The sizing of the system for core cooling and decay heat loads and the associated e
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 1 component failures on the seismic Category I
portion of the system,

¢. 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 corrasion and organic fouling.

e. The requirements for operational testing and inservice inspection of the system.
it
f. Instrumentation and control’ 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 veview 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 fdentify 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 minfmum 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 notural phenomena such as the safe shutdown earthquake (SSE), the
probable maximum flood (PMF), and tornado missiles. The MEB will review the seismic quali- e
fication of components and confirm that the system is designed in accordance with roplicable
codes and standards. The MTEB will verify that inservice inspection requirements are met
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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 essentia) electrical components required for
proper operation.

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, fs 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 {s 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: ’

2. 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.

¢. 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:

2. Structural integrity and system leak tightness.

9.2.2-3
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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, e
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 systew
components.

9. Branch Technical Position APCS8 3-1, as related to high and moderate energy breaks in
piping systems outside containment.

An adcitional basis for determining the 2zceptability of 2 cooling water system will be the
degree of similarity of the design with that of previously reviewed plants with satisfactory
operating experience.

111.  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 ard
acceptance criteria will be utilized to verify that the initial design criteria and bases e
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,

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
eccident 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 e
procedures to take account of a propused unique design will be such as to assure that the

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




The information provided in the SAR pertaining to the design bases and design criteria,
and the system description sectfon are reviewed to veri{fy 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:

2. 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.

¢. Provide cooling for decay heat removal equipment.

d. Provide cooling for emergency core conling pump bearings or other emergency core
cooling equipment necessary to prevent or mitigate the consequences c¢f an accident.

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,

The reviewer, using the results of failure modes and effects analyses, determines that
the system is capable of custaining 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 conditfons. The system
P&IDs 1ayout drawings, and component descriptions and characteristics are then reviewed
for the following points:

a. Essentizl portions of the CWS are correctly identified and are isolable from the
non-essential portions of the system. TheP&IDs are raviewed 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 1s 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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The system is designed to cope with 1iquid expansfon or to provide water makeup

as necessary. Where the cooling water systems are closed loop systems, surge tanks
are generally provided to accommodate 1iquid volume changes due to changes in
temperature or leakage and to receive systéh 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 & 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 2 header rupture the loss of the entire contents of the surge tank will
not result.

Net positive suction head (NPSH) requirements for the cooling water pumps are met
during normal operations and 2ccident conditions, including conditions of extreme
Jow 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.

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 anzlysis 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.

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 {f the
system drawings show the necessary test recirculation lcops around pumps or iso-
lation valves that would be required by this program.

Essentfal 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 faflure 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 fnformation are given in the
corresponding review plans.

Essential components and subsystems (i.e., those necessary for safe shutdown) can
function as required in the event of 2 loss of offsite power. The system design
will be acceptable in this regard i1f the essential portions of the CWS meet mini-
mum system requirements as stated in the SAR assuming a2 concurrent faflure of a
single active component, including 2 single failure of any auxiliary electric
power source. The SAR s 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.

A

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 fmmediate area of the system.

b. Components and headers of the sysiem are designed to provide individual isolation
capabilities to assure system function, control system leakage, and allow system
maintenance. ’

¢. 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
monftors and conductivity monitors should be located in the system component dis-
charge lines to detect leakage. An alternate means {s to prevent leakage from
occurring by operating the system at higher pressure to assure that leakage is
in the preferred direction.

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-
112e the pfocedures fdentified 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 {s 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 {s acceptable. The location
and destgn of the system, structures, and pump rooms (cubfcles) are reviewed to
determine that the degree of protection provided is adequate.

5. The descriptive information, PAIDS 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 situvation 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-
mentatfon 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, and the
requirements for continuous cooling (if necessary) during a1l conditions of plant opar-
ation. (CP)] [The review has fncluded 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)]

"The bas{s for acceptance in the staff review has been conformance of the applicant's
designs and desfgn 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 cocling water systems conforms to all ’
applicadle regulations, guides, staff positions, and industry standards, and is @
acceptable.”
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V.

REFERENCES

1.

3.

4,

7.

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterion 4, “Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Desfgn Criterion 5, "Sharing of Structures,
Systems, and Components."

10 CFR 50, Appendix A, General Design Criterion 44, "Cooling Water."

10 CFR Part 50, Appendix A, General Design Criterion 45, Inspection of Cooling ﬁater
System."

10 CFR Part 50, Appendix A, General Design Criterfon 46, "Testing of Cooling Water
System.”

Regulatory Guide 1.26, "Quality Group Ciassifications and Standards for Water-, Steam-,
and Radioactiv> Haste-Containing Components of Nuclear Power Plants."

Regulatory Guide 1.29, "Seismic Design Classification,” Revision 1.

Branch Technical Position APCSB 3-1, "Protection Against Postulated Piping Failure
in Flufd Systems Outside Containment,” attached to Standard Review Plan 3.6.1.
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NUREG-75/087
U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.3 DEMINERALIZED WATER MAKEUP SYSTEM
REVIEW RESPONSIBILITIES
Primary = Auxiliary Systems Branch (ASB) l

Secondary - Structural Engineering Branch (SEB) |
Mechanical Engineering Branch (MEB)
Materfals 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 (DWMS) 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 piant demingralized water requirements is reviewed.
The desfgn of the DWMS is generally not safety-related; the review §s primarily directed
toward assuring that a failure or ma)function of the system could not adversely affect

essentfal systems requirements in accordance with General Design Criteria 2, 4 & 5.

1. The ASB review of the DWMS system includes the following consfderations:

a. Capability of the system to effectively store, handle, and dispense al) chemi-
cals utilized in the demineralizing and regeneratfon process.

b. Capability of the DWMS to operate within the environment to which it is exposed.

€. 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 fsolation capabilities
provided, fncluding the abflfty to detect corrosive solutions and the valving
necessary to isolate the system.

2. The ASB 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 faflure 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 AS8 to
complete the overall evaluaticn of the system. The secondary reviews are as follows,

USNRC STANDARD REVIEW PLAN
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The SEB determines the acceptability of the design analyses, procedures, and criteria

used to establish the abflity 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 (PMF), and tornado missiles. The MEB Q

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 I
verifies that inservice inspection requireménts are met for system components and, upon
request, verifies the compatibility of the materfals of construction with service
conditions. The ICSB & PSB determine the adequacy of the design, installation, faspec- |
tion, and testing of al) essential electrical components (sensing, control, and power)
required for proper operatfon. The ETSB verifies that the limits for radfoactivity
concentrations are met,

I11. 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, cr floods. |

2. General Design Criterion 4, with respect to the system befng 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-1, if any portion of the system is deemed to be
safety-related, and Position C-2 for nonsafety-related functions.

6. Appendix 1 of Regulatory Guide 1.56, for an acceptable standard for purity of the
demineralized water produced by the DWMS.

9.2.3-2
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7.  Regulatory Guide 1.102, as related to the fleod protection provided for nuclear I
power plants.

8. Regulatory Guide 1.117, as related to the misside protection provided for nuclear ‘
power plant's structures, systems and components.

g, 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 fdentified in subsection I of this SRP section as being the
responsibilfty of other branches, the acceptance criteria and their methods of application
are contained in the SRP sections corresponding to those branches.

. 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 II. For the review of cperating license applications,

the review procedures and acceptance criteria are utflized to verify that the fnftial
design criteria and bases have been appropriately fmplemented in the final desfgn as
set forth in the final safety analysis report.

Upon reguest from the primary reviewer, the secondary review branches will provide {nput
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 {s complete.

The reviewer selects and emphasizes material from this SRP section, as may be eppropriate
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 scurce is
required for safe shutdown or for accident conditions. In confirming this design éspect, I
an analysis is made in which it is assumed that any DWMS pipe fails or component malfunc-
tions or fafls in such a manner as to cause maximum damage to other equipment located
nearby. The system will be considered nonsafety-related if §ts failure does not affect

the ability of the reactor facility to achieve and maintain safe shutdown conditions.

1. The ASE evaluates the system design: Informatfon and drawings and, utilizing engi-
neering judgment, operational experience, and performance characteristics of similar,
previcusly approved systems, to verify that:

a. The system s 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 {nto the system design to properly
store, handle, and dispense corrosive and toxfc chemicals effectively and
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gafely so that a hazardous condition does not result from mishandling or
leakage.

d. The components ut{ltzed are compatible with the associated chemicals.

e. The potential for leakage and accidental spills has been minimized.

f. 1In the event of a leak or spill, there would not be &n adverse effect on
safety-related systems or components.

g. Instrumentation (e.g., a conductivity menitor) has been provided together with
the capability to isclate the system should planned operating conditions be
exceeded.

h. iping has been provided as necessary to direct solutfons 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 conclusfons of the fbllowing type, to be included in the staff's safety
evaluation report:

"The demineralized water makeup system includes al} components and piping associated
with the system from the service or munfcipal 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)] [The review has determined that the applfcant'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
auxilfary supporting systems to the commissfon's regulations as set forth in the
general design criteria, and to applicable regulatory guides, staff technical
positfons, 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 Missile Design Bases."

3. General Desfign Criterion 5, "Sharing of Structures, Systems, and Components."

4. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,
Steam-, and Radfcact{ve-Waste-Contafining Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, “"Seismic Design Classification."
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Regulatory Guide 1.56. Appendix, "Maintenance of Water Purity in Boiling Water
Reactors."

Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants.”
Regulatory Guide 1.117, “Tornado Desfgn Classification.”

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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g':'* %‘,:,’ U.S. NUCLEAR REGULATORY COMMISSION
< __ _ _
©® N STANDARD REVIEW PLAN
'4’0 ‘**‘.s@i OFFICE OF NUCLEAR REACTOR REGULATION
SECTION 9.2.4 POTABLE AND SANITARY WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxfliary Systems Branch (ASB)
Secondary - None

1.  AREAS OF REVIEW
At the construction permit (CP) stage of review, ASB reviews the information in the
applicant's safety analysis report (SAR) in tle specific areas that follow. At the
operating Yicense (OL) stage, ASB 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.

o I11. ACCEPTANCE CRITERIA

1. ASB accepts the PSWS design if there are no interconnections between the PSWS
and systems having the potential for containing radfcactive material.

2. Where necessary the potable water system should be protected by an air gap.

111. 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 the PSWS, ASB considevs the design criterfa to prevent cross con-
nections, as described $n 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 radicactive materials.

1V, EVALUATION FINDINGS
ASB 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
evaluatfon report:
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"The potable and sanitary water systems (PSWS) include all components and piping
from the supply connection to the municipal or other water source to 211 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-76/087

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 (MEB)

Structural Engineering Branch (SEB)

Materials Engineering Branch (MTEB)

Hydrology-Meteorology Branch (HMB)

Instrumentation and Control Syitems Branch (ICSB)

Power Systems Branch (PSB)

I. 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-
veir, 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
temperstures 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 fellowing consfiderations:
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 cocling water, at appropriate temperatures
and with any required chemfcal 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 UNS is 21so reviewed to assure

USNRC STANDARD REVIEW PLAN
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i that adverse environmental conditions inéludinq freezing will not preclude
the safety function of the UHS,

|
. e. Sharing of cooling water sources in multi-unit statfons. @ .

f. Applicable design requirements such as the high and low water levels of the
source tc determine their compatibility with the service water system.

! 2. ASB reviews the station heat fnput provided in the SAR for the design of the UHS I
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 1icense applica-
tions as they relate to areas covered in this SRP section. . |

secondary reviews will be performed by other branches and the results used by the ASB

to complete cverall evaluatfon 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 earthguake

(SSE), the prcbable maximum flood (PMF), and tornado missiles. The MEB reviews the

sefsmic qualification of components and confirms that the system {s designed {n accord-

f,' ance with applicable codes and standards. The MTEB verf{fies that fnservice fnspection

- requirements are met for system components and, upon request, veriffes the compatibility

of the materials of construction with service conditfons. The ICSB and PSB determines |

the adequacy of the design, fnstallatfon, 1nspéction, and testing of electrical compo-

nents and instrumentation required for UHS operation. The HMB verifies the ultimate \

heat sink water levels, meteorclogical and natural phencmena criterfa and transient

analysis of the cooling water inventory as detafled 1n SRP Section 2.4 series. |

g4 II. ACCEPTANCE CRITERIA :

o Acceptability of the design of the ultimate heat sink, as described in the applicant's

!é Safety Analysis Report (SAR), including related sections of Chapters 2 and 3 of the

i SAR, 1s based on specific general design criteria and regulatory gufdes and on independ-

3 ent calculatfons and staff judgments with respect to system adequacy. I

: The design of the ultimate heat sink §s acceptable {f the system and the asscciated
' ; complex of water gsources, including retaining structures and canals or condufts
connecting the sources with the statfon, are i{n accordance with the following criterfa:

vy — .

1. General Design Critoarion 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, hurricangs. and floods.
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2. Genera) Design Criterion 4, relative to structures housing the systems and the
system 1tself being capable of withstanding the effects of external missiles and
internally generated missiles, pipe whip, and jJet 1mpingehent forces associated
with high and mcderate energy pipe breaks.

3. Genera) Design Criterion 5, as related to shared systems and components important
to safety befng cepable of performing required safety functions.

4. Genera) Desfgn Criterion 44, as related to:
a. The capability to transfer heat loads from safety-related structures, systems,
and cemponents 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 componént fatlure cofncident with 1oss of offsite
power,

c. The capability to isolate components, systems, or piping 1f required so that
safety -functions are not compromised.

5. Genera) Design Criterion 45, as related to the design provisfons to permit
intervice inspection of safety-related components and equipment.

6. Ceneral Design Criterfon 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 {n ultimate heat sink's
spray pond.

11. Regulatory Guide 1.102, as related to the protection of structures, systems, and
components {mportant to safety from the effects of flooding.

12. Regulatory Guide 1.117, as related to the protection of structures, systems, and
components fmportant to safety from the effects of tornado missiles,

9.2.5-3 Rev. 1




I11.

13. Branch Technical Position ASE 9-2, as'related to the methods for calculating heat
release due to fissfon product and heavy element decay.

For those areas of review fdentified {n subsection I of this SRP section as being the
responsi{bility of other branches, the acceptance criter{a and thef{r methods of applica-
tion are contained fn the SRP sections corresponding to those branches.

REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine
that the design critertie and bases and the preliminary design as set forth in the
preliminary safety analysis report meet the acceptance criteriz given in subsection 1.
For operating license (OL) reviews, the procedures are used to verify that the fnitial
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
fntent 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 pro?ide
input for the arsas of review stated in subsection I. The primary reviewer obtains and
uses such input as required to assure that this review procedure is complete.

Avaflability of an adcquate supply of water for the ultimate heat sink is & basic
requirement for &ny nuclear power plant. There are varicus methods of satisfying the
requirement, e.g., a large body of water such as a&n 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 locatfon. For the purpose of this SRP section, typical proce-
dures are established for use in identifying the essentfal 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 overill 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
fncluding 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 evaluatfon of the applicant's calculated heat
loads. The UHS heat loads include heat due to decay of radfcactive material,
sensible heat, pump work, and the heat load from the operation of the statfon
auxilfary systems serving and dependent upon the UHS.

i
1
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b. Operational data from plants of similar design confirm, where possible, the
heat input values given for sensible heat, pump work, and station auxiliary
systems.

The reviewer verifies that:

a. The total essential station heat load and 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, ' l
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.

Plants utflfzing 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 phencmena 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 fajlure 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 {n the quantities and at .empera-
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 basfs. This is verified
by performing fndependent calculations.

9.2.5-5 . Rev. 1



d. The towers can provide the design cooling water temperature under the worst
combinatfon of adverse environmental conditfons including freezing, and that
the supply of water §n the basins can provide a 30-day capabflity for long-
term cooling at the required temperature without makeup unless acceptable
makeup capabilities can be demonstrated. This is verified by {ndependent
calculations.

e. Cooling tewers or spray ponds used as & UHS and designed to withstand the
effects of tornado missiles need not be designed to seismic Category 1 {f
another UHS s also available that is designed to meet the sefsmic 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
ftems | and 2, above, and in addition the reviewer determines:

a. By evaluation of the S5AR information or independent calculaticns, 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.

¢. That man-made earth dam, dike, or other structure design bases fn the SAR
fnclude 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 destgn 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 fnlet 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 sufficfent fnformatfon 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 revfew fncluded the size, type of cooling supply (i.e.,
large body of water, ocean, lake, natural or man-made reservoir, river, pond, or

Rev. 1 9.2.5-6




cooling tower), and makeup sources to the ultimate heat sink. Based on the review
of the &pplicant's proposed design criterfa, 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 1s tn conformance with the Commission's
regulatfons as set forth in General Design Criterfon 2, *Desfgn Bases for Protec-
tion Against Natura) Phenomena," Genera) Design Criterion 4, “Environmental and
Missile Design Bases," General Design Criterion 5, “Sharing of Structures, Systems,
and Components,” General Desfgn Criterion 44, "Cooling Water Systems," General
Design Criterion 45, "Inspection of Cooling Water Systems," and General Design
Criterion 46, "Testing 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 Classffication,” Regulatory Guide 1.72,
“Spray Pcol Plastic Piping," Regulatory Guide 1.102, "Flood Protection for Nuclear
Power Plants,” Regulatory Guide 1.117, "Tornado Desfgn Classffication,” and Branch
Technical Position ASB 9-2, "Residual Decay Energy for Light Water Reactors for
tong-Term Cooling,' cherefore is acceptable.

V.  REFERENCES

1.

10 CFR Part 50, Appendix A, General Design Criterion 2, “Design Bases for Protec-
tion Against Natural Phenomena."

10 LFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterfon 5, “Sharing of Structures,
Systems, and Components."

10 CFR Part 50, Appendix A, General Design Criterfon 44, "Coolfng Water System."

10 CFR Part 50, Appendix A, General Design Criterfon 45, "Inspection of Cooling
Water System.”

10 CFR Part 50, Appendix A, General Design Criterfon 46, "Testing of Cooling Water
System."

Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water,
Steam, and Radiocactive 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.”
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12.

13.

Regulatory Guide 1.72, “*Spray Pond Plastfic Piping.”

Regulatory Guide 1.102, "Flood Protecticn for NHuclear Power Plants.”

Regulatory Guide 1.117, "Tornado Design Classification.”

Branch Technical Position ASB 9-2, "Residual Decay Energy for Light Water Reactors

for Long-Term Cooling.”
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BRANCH TECHNICAL POSITION ASB §:2 |

RESIDUAL DECAY ENERGY FOR LIGHT WATER
REACTORS FOR LONG-TERM COOLING

A. BACKGROUND
The Auxiliary Systems Branch has developed acceptable assumptions and formulations i
that may be used to calculate the residual decay energy release rate for 1ight water
cooled reactors for long-term cooling of the reactor facility.
Experimental data (Refs. 1 and 2) on total beta and gamma energy releases for long half-
1ife (> 60 seconds) fissfon 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 exclusfon of short-l1ived fission products, the decay heat rate can be predicted
to within 10 percent of experimental data (Refs. 3, 7, and 8).
The short-1ived 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-
taintfes can be treated in the zero to 103 second time range by a suitably conservative
mu1tiplying factor.
8. BRANCH TECHNICAL POSITION
1. Fisston Product Decay
For finite reactor operating time (to) the fraction of operating power, ;'o (to. ts),
to be used for the fission product decay power at a time ts after shutdown may be
calculated as follows:
P 1 n=11
Fo (=0 t) = mp I Aexpl-gqts) M
nl
Eo(t,t) = 0+K) F (= t)-F (
Fo ‘%o’ s Po (= t5) = (=0 5 + &) (2)
where:
p

Fo = fraction of operating power

t. = cumulative reactor operating time, seconds

t, = time after shutdown, seconds

K = uncertainty factor; 0.2 for o < t. < 10° and 0.1 for 10° st 10’

An' a, = fit coefficients having the following values:
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2.

‘ -]
A_n e, (sec™ ')

n

] 0.5980 1.772 x 10°
2 1.6500 5.778 x 107
1 3.1000 - 6.743 x 10”2
4 3.8700 6.214 x 1073
5 2.3300 4.739 x 107
6 1.2900 4.810 x 1070
7 0.4620 | 5.344 x 10”8
8 " 0.3280 5.716 x 1077
9 0.1700 1.036 x 107
10 0.0865 2.959 x 1078
n 0.1140 7.585 x 10710

The expressions for finite reactor operation may be used to calculate the decay energy
from a complex operating history; however, in accident analysis 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.

Heavy Element Decay Heat
The decay heat generation due to the heavy elements U-239 and "P'239 may be calculated
according to the following expressions (Ref. 6):

o e
P (U-239) = 2.28 x 1073 ¢ =22 [1 - exp(-4.91 x 1074 ¢ )] [exp(-4.51 x 1074 ¢ )]  (3)
) 9¢25 [ o s

]
P(NG239) & .17 x 1073 ¢ 25—
%f2s

{0.007 [ - exp(-4.91 x 107 ¢)]
(*]

o [exp(-3.41 x 10'6 ts) - exp(-4.91 x 1074 ts)]

+ [1 - exp(~3.41 x 1076 t,)] [exp(-3.41 x 1076 ts)]} (4)
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where:

2-1%53221 = fraction of operating power due to U-239

P (N_-239) \

o = fraction of operating power due to NP-239
to = cumulative reactor cperating time, seconds
ts = time after shutdown, seconds
c = conversion ratio, atoms of Pu-239 produced per atom of U-235 consumed
925 = effective neutron absorption cross section of U-235
%¢28 = effective neutron fission cross section of U-235

g

The product of the terms C . ;;i% can be conservatively specified as 0.7.

The nuclear parameters for energy production by the heavy elements U-239 and N _-239
are relatively well known. Therefore, the heavy elemsnt decay heat can be calculated
with 2 conservatively estimated product term of C - o-gi-without applying any other
uncertainty correction factor. f25

Figures 1, 2, and 3 give the residual decay heat release {n terms of fractions of
full reactor operating power based on 2 reasonably realistic reactor operating time of
16,000 hours. '
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SECTION 9.2.6 CONDENSATE STORAGE FACILITIES
REVIEW RESPONSIBILITIES
Primary = Auxiliary Systems Branch (ASB) | ‘%

Secondary - Reactor Systems Branch (RSB)
Effluent Treatment Systems Branch (ETSR)
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 recefver for excess
water generated by other systems such as the main condenser hotwell, the 1iquid radwaste 1
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. ODepending
upon its specific function in the plant under review, the CSF may or may not be safety- .
related. The ASB review covers the CSF from the condensate storage tank up to the
connections or interfaces with other systems to assure conformance with the requirements
o of General Design Criteria 2, 4, 5, 44, 45 and 465,

1. The ASB reviews Lhe capability of the CSF to supply water to varfous auxiliary i
systems and to recefve return water from other systems.

2. The ASB reviews the CSF to verify that: (
a. Faflures 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 ¢ffects of natural
phenomena, including cold weather protectfon, so that the event will not
adversely affect the safety function of the system.

¢. Component redundancy necessary to assure CSF safety functions s provided.

d.  System components meet desfgn code requiremants consistent with the component
quality group and seismic desfgn classifications.
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e. Provistons 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 {solatfon means
are provided. ‘

g. Provisions for automatically transferring from & normal water supply that {s
nonsafety-related to an assured seismic Category 1 source if required.

3. The applicant's proposed technical specifications are reviewed for cperating
1icense applicatfons, as they relate to areas covered in this SRP sectien. |

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 fdentify 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 ETS8 will verify that the limits for
radfoactivity 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 fn accordance with applicable codes and standards. The MTEB will verify that
inservice inspection requirements are met for system components and, upon request, will
ver{fy 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 radfation levels exposure to I

personnel will be mafntained as low as is reasonably achievable.

11. 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. . ‘ I
1.  For reactor systems where the condensate storage facility is an ultimate means of
water supply for safe shutdown or accident mitigation, the CSF is acceptable if the
integrated facility design is in accordance with the following criteria:

a. General Design Criterfon 2, as related to the system being capable of
withstanding the effects of natural phenomena such as earthquakes, tornadoes,
hurricanes and floods.

fiii
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b. General Design Criterion 4, with respect to the system befng capable of
withstanding the effects of external missiles and internally generated
nissiles, pipe whip, and jet impingement forces associated with pipe breaks.

c. General Desfgn Criterion 5, as related to the capability of shared systems
and components to perform required safety functions.

d. General Cesign Critericn 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
fajlure 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. Genera! Design Criterion 46, as related to design provisions made to permit
operational functional testing of safety-related systems and components to
assure structural integrity, system leak tightness, cperability and perform-
ance of active components, and capability of the integrated system to func-
tion as intended during normal, shutdown, and accident conditfons.

g. .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
anuclear power plants.

i
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 2
safety-related water source is required for safe shutdown or accident mitiga-
tion, then the changeover feature (automatfc) 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 fs not an ultimate means
of water supply for safe shutdown or accident mitigation, the design of the CSF is
acceptable if the {ntegrated facility design s in accordance with the following e
criterion: D

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 criterfa and their methods of applica-
tion are contained in the SRP sections corresponding to those branches. :

I1I. REVIEW PROCEDURES
The procedures below are used during the construction permit (CP) review to determine
that the design criteria and bases and the preliminary desfgn 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 inft{al design criteriz and bases have been appropriately implemented in the
fina) 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 survefllance 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 stateu in subsection I. The primary reviewer obtains and l
uses such input as required to assure that this review procedure {s 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 thg plant are reviewed to verify that faflure

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 criterfa given in subsection II. |

1.  The Safety Analysis Report is reviewed to determine that the facility description,

and piping and instrumentation diagrams (F&1Ds) delineate the CSF equipment that is | @
used for norma) operation, abnorma) operaticn, and accident conditfons as follows:
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a. The facility function2) requirements and the minimum flow requirements for
supplying water to the auxfliary feedwater system and other safety-related A

0 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- |
{ty is capable of sustaining the loss of any active component and of meeting
minimum flow requirements to the safeiy-relnted systems.

2. The facility P&IDs, layout drawings, and component descriptions and characteristics
are reviewed to determine the following:

a. Essentia) portions of the CSF are correctly fdentified 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 fsclation valves separating
seismic Category I portfons from the nonsefismic portions, are classified

0 Quality Group C and seismic Category I.

¢. Design provisions have been incorporated that permit appropriate inservice |
inspection and functional testing of system components important to safety.
It will be acceptable 1if the SAR delineates a testing and inspection program
and {f 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 mafntained, 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 faflure of porticns of the'facility or of other systems not designed to
seismic Category I standards and located close to essential portions of the
factlity, or non-seismic Category I structures that house, support, or are
close tc 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 tc the SAR tabulatiocn of seismic design
classificatfons for structures and facilities, will be necessary. ' Statements

@ in the SAR to the effect that the above conditfons are met are acceptable. (CP)

9.2.6-5 Rev. 1




. Rev. 1

b.

The essential portfons 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 tn detafl under the SRP sections for Chapter 3 of the
SAR. The location and design of the facilfty 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 {s 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.

The CSF provides sufficient net positive suction head (NPSH) at safety-related
pump suction locations considerfng low condensate storage tank water levels.
The SAR should indicate the minimum water level c¢f 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.

The condensate storage tank is equipped with {nstrumentation 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.

The condensate storage tank overflow piping {s 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 faflure; for a
nonsafety-related storage facility, the need for & seismic Category I dike or
retentfon basin is reviewed.

The essentia) 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.

Functions of the essential components and subsystems of the CSF (§.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.

The condensate storage tank has design provisions that automatically transfer,

as required, from a normal nonsafety-related source to 2 sefismic Category 1
source,
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4, The descriptive information, P&IDs, system drawings, and faflure modes and effects
analyses in the SAR are revieved to assure that essential portfons of the CSF will
function as needed follewing design basis accidents, assuming a concurrent single
active component failure. The reviewer evaluates the {nformation presented in the
SAR to determine the abflity of required compecnents 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 accfdent sftuation for
the required time spans. For each case, the design will be acceptable {f mintmum
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 fncluded in the .staff's safety
evaluation report:

"The condensate storage facilfty (CSF) includes all components and piping asso-
clated with the facility to the points of connectfon or $nterfaces with other
systems. [The review has determined the adequacy of the applicant's proposed
design criieria and bases for the condensate storage facility and the requirements
for sufficient water supply to safety-related systems during norma), abnormal, and
accident conditions (CP).] [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, desfgn criterfa, and design bases for the condensate storage
facility and supporting systems to the Commissfon's regulations as set forth'iﬁ

the applicable general design_criteéia. 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 fs acceptable.”

V.  REFERENCES

1. 10 CFR Part 50, Appendix A, Genefal 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
fesign Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, “Sharfng of Structures,
Systems, and Components." s
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10 CFR Part 50, Appendix A, General Design Criterfon 44, "Ccoling Water."

10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection of Cooling
Water System.”

10 CFR Part 50, Appendix A, Genera) Design Criterion 45, "Testing of Cooling Water
System."

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 Gufde 1.102, "Flood Protection for Nuclear Power Plants.®

Regulatory Guide 1.117, “Tornado Design Classification."

Branch Technicai 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 Pfping Outside Containment,"
attached to SRP Section 3.6.2. !

Branch Technica) 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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SECTION 9.3.1 COMPRESSED AIR SYSTEM
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversfon 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 21so to plant
equipment used only for normal facility operation. APCSB reviews the entire compressed afr
system since there may be cases where two systems or subsystems are provided, f.e., &
safety-related control afr system (SRCAS), and a staticn service system for non-safety-
related equipment. If the two systems are interconnected, then the arez of review will
extend from the safety-related portion to the outermost fsolation valve on 211 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 {dentify the safety-related air operated devices that are
supplied by the system, and whether each requires a source of supply 2ir in order to
perform the safety-related function.

2. APCSB then reviews to determine that:

a. A fallure of 2 component, or the loss of a compressed afr source does not negate
the safety-related functional performance of the system.

b. The system components and pipes have sufficient physfcal separation or barriers
to protect the essentfal portions of the system from missiles, and from the effects

of breaks and cracks fn high and moderate energy fluid system piping close to the
SRCAS.

3. The APCSB reviews the system to determine that the effects of faflure of non-seismic
Category 1 equipment or components will not affect the functioning of the SRCAS.

USNRC ESTANDARD REVIEW PLAN
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4. APCSB reviews the design of the SRCAS with respect to the following:
a. Capability to fsolate portions or components of the system in case of component
malfunction. :

b. Instrumentation and control features provided to determine and verify that the
system {s operating in a correct mode (e.g., valve position indfcation, 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 1ine 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 micsiles. The MEB will review the
seismic qualificatfon of components and confirm that the system fs desfgned 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.

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 fs fn 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. deneral Design Criterion 5, as related to the capability of shared systems and compo-
nents fmportant to safety to perform required safety functions. !
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4. Regulatory Guide 1.26, as related to the quzlity group classification of systems and
components.

§. Regulatory Guide 1.29, as related to the seismic desfgn 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.

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 {n the preliminary
safety analysis report meet the acceptance criteria given in Section Il 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 applficant are
in agreement with the requirements for system testing, minimum performance, and survefl-
lance developed as a result of the staff's review.

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 & safety-related control air
system (SRCAS). For cases where there are variatfons 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 11. The reviewer will select and emphasize mate-
rial from this plan as appropriate for a particular case.

1. The SAR s reviewed to identify from information in the system description section and
the piping and instrumentatfon 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 faflure 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 fndependent calculations, that the minimum system requirements (as stated
in the SAR) are met for these fatlure conditions.

3. The system P&IDs, layout drawings, and component descriptions and characteristics are
reviewed to determine the following:

e a. Essential portions of the SRCAS are correctly identified and are isclable from
the non-essentfal portfons of the system. The P&IDs are reviewed to verify that
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they clearly indfcate the physical division between each poriion. System drawings
are also reviewed to verify that they show the means for accomplishieg isolation
and the system description is reviewed to 1dent1fy minimum performance requirements
of the isolatfon valves. For the typical system, the drawings and descriptions

are reviewed to verify that two automatically operated 1solation valves in series
separate non-essential portions and components from the essential portions.

b. Essential portions of the SRCAS, including the {solation valves separating
essential from non-essential portions, are classified Quality Group C or higher
and seismic Category I. 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&IDs indicate points of change
in any design classification.

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 1 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 o
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 locatfon 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 s§stem is located in 2 seismic Category I
struciwure 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.

¢. 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 & concurrent failure of & single active
component, including an emergency power source. The SAR information is reviewed
to veriry that for each SRCAS component or subsystem affected by the loss of
offsite power, system capability meets or exceeds the minimum requirements. e\
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&1Ds, SRCAS drawings, pnd fatlure modes and effects
analyses in the SAR are reviewed to assure that the SRCAS will function following
design basis accidents assuming 2 concurrent single active faflure. The reviewer
evaluates faflure modes and effects analyses presented §n 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.

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 afr 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 auxilfiary supporting systems {s 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 afr 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

applicadble regulations, guides, staff positions, and industry standards, and is
acceptable.”
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V.  REFERENCES

1.

2.

3.

10 CFR Part 50, Appendix A, General Design Criterfon 2, "Design Bases for Protection
Against Natural Phenomena.”

)
10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile -
Design Bases.”

10 CFR Part 50, Appendix A, General Design Criterion §, "Sharing of Structures, Systems,
and Components.”

Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-, Steam-
and Radfoactive-Waste-Containing Components of Nuclear Power Plants,” Revision 1.

Regulatory Guide 1.29, “Seismic Design Classification,” Revision 1.

Branch Technical Positions APCSB 3-1, "Protection Against Postulated P§ping Faflures
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 Pi{ping Outside
Containment,” attached to Standard Review Plan 3.6.2.
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% U.8.NUCLEAR REGULATORY COMMISSION ]

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION
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SECTION 9.3.2 PROCESS SAMPLING SYSTEM : 1_1
Primary = Effluent Treatment Systems Branch (ETS8) ]
Secondary = None

1. AREAS OF REVIEW
ETSB reviews the following information in the applicant's safety analysis report
{SAR):

&

1.  The design cbjectives and design criteria for the precess sampling system (PSS)
are reviewed at the construction permit (CP) stage. During the cperating Vicense
(OL) stage of review, ETSB review consists of confirming the design accepted at
the CP stage and evaluating the adequacy of the epplicant’s technical specifications
fn these areas. The review includes fdentffication of the process streams to be .
sampled and the parameters to be determined through sampling (e.g., gross beta- }
gamma concentration, borfc acid concentration).

i

2. The system description for the PSS s reviewed at the operating 1fcense (OL)
stage. The review includes (2) piping and instrumentation dfagrams (P&IDs),
{b) provisions for obtaining representative samples, (c) location of sampling
‘ points and sample stations, and (d) provisfons for purging sampling lines.

.3, The sefsmic design and quality group classifications of piping and equipment,
and the bases for the classificatfons chosen are reviewed at the CP stage. At
the OL stage, the review includes design’ 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 1imit radicactive
releases by 1imiting reactor coolant losses are reviewed at the CP stage.

Sampiing‘and menitoring systems for radwaste processing systems are reviewed by ETSS
under SRP Section 11.5. Secondary reviews are performed by the following branches: |
€SB, under SRP Section €.2.4, reviews the design of isolatfon provisions of those |
portions of the PSS that penetrate primary contafnment; and AS8, under SRP 3.6.1, reviews |
the design with respect to the effects of externally or {nternally generated missiles,
pipe whip, and jet impingement forces assoctfated with postulated pipe breaks in high
energy fluld systems or leakage cracks in moderate energy fluid systems.
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ACCEPTANCE CRITERIA
The applicant's design should be such that the Pss has ‘the capabilfty for sampling

1.

O P A T B P A a4

211 normal process systems and princfpal components, fncluding provisions for
cbtaining samples from at least the following points-

&. For a pressurized water reactor (PWR):

Reactor coolant. |
Refueling (borated) water storage tank.

ECCS core flooding tank.

Concentrated boric acid storage tank.

Boric acid mix tank.

Boron fnjection tank.

Chemfcal additive tank.

Spant fuel pool,

Secondary coolant.

Pressurizer tank.

Steam generator blowdown (if applicable).
Secondary coolant condensate treatment waste]

Sumps inside containment. |
Containment atmosphere. |
Offgas storage tanks. |

b. For a boiling water reactor (BWR):

Main condenser evacuation system offgas. '
Reactor coolant.
Standby 1iquid control system tank.
Sumps inside containment.
Spent fuel pool.

. Drywell atmosphere (Mark I & II).
Cryogenic sti1l tnlet 1ine.

Other sample points that may be included in the PSS but do not require remote
sampling are given fn SRP Section 11.5.

The required analysis and frequencies should be given in the plant technica)
specifications.

ETS8 will use the following guidelines for determining the acceptability of the
system functional design: .

a. Provisions should be made to assure representative samples from Viquid -
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, samp]e points should

Ceaz2
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c.

fl

g‘

be located in turbulent flow zones. Provisions fér tihpfing‘sﬁouid bé in
accordance with the guidelines in Regulatory Guide 1.21, position C.6. |

Provisions should be made to assure representative samples from gaseous
process streams and tanks in accordance with ANSI N13,1-1969.

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.

Provisions should be made for purging sampling lines and for reducing
plateout in sample lines (e.g., heat tracing).

Provisions should be made to purge and drain sample streams back to the
system or orfgin or to an appropriate waste treatment system.

Isolation valves should fail in the closed position.

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 1ines and components
should conform to the classification of the system to which each sampling line
and component is connected (e.g., & sampling 1ine connected to & Quality Group A
and seismic Category 1 system should be designed to Quality Group A and seismic
Category I classifcation) as described fn Regulatory Guides 1.26, 1.29 and 1.143.
Components and piping downstream of the second fsclation valve can be designed
to Quality Group D and nonseismic Category I requirements.

REVIEW PROCEDURES

The reviewer will select and emphasize material from this review plan, as may be appro-
priate for & particular case.

1. In the review of the process sampling system, ETSB compares the 'ist of process
sampling points contained fn che SAR with the sampling points identified in
Subsection II.1, above, %o assure that the required process sampling points
have been provided.

2. ETSR compares the capability of the system to obtain representative samples of
process fluids and the locatfons of sampling points with the guidelines for
cbtaining representative samples of fluids contained in position C.6 of Regulatory
Guide 1.2) and with the principles for obtaining representatfve samples of gases
contained n ANSI N13.1-1969,
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3. ETSB compares the teismic 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 (o

the content and intent of the technical specifications are in agreement with the
requirements developed 2s a result of the staff's review.

§. ETSB verifies that provisfons have been made to Yimit the potential for reactor
coclant loss from the rupture of a sample Yine and provides AAB with estimates
of RCS flufd losses that would result from sample line rupture,

EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the review
supports conclusfons of the following type, to be fncluded in the staff's safety
evaluation report: w

“"The process sampling system includes piping, valves, heat exchangers, and other

components assocfated 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 provisfons proposed to sample al) principal

fluid process streams associated with plant operaticn and the applicant's proposed

design of these systems. The review has included descriptive information for I

the process sampling system and the location of sampling points, as shown on

piping and instrumentation diagrams. ' /"

"The dasis for acceptance in our review has been conformance of the appliicant's
design for the provess sampling system to applicable regulations, guides, and I
industry standards. Based on our evaluation, we find the proposed system to be
acceptable.”
. A

REFERENCES

1.  Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactivity in
Solid Wastes and Releases of Radicactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled KNuclear Power Plants.” ' l

2. Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,
Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants." |

3.  Regulatery Guide 1,29, "Seismic Design Classification.” I

4.  ANSI N13.1-1969, "Guide to Sampling Airborne Radfoactive Materfals in Nuclear
Facflities," Amerfcan National Standards Institute (1969).

5. Regulatory Guide 1.143, "Design Guidance for Radicactive Waste Management Systems,
Structures and Components Installed in Light-Water-Cooled Nuclear Reactor Power
Plants."
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U.S. NUCLEAR REGULATORY COMMISS!ON o
<
@ % STANDARD REVIEW PLAN
%, OFFICE OF NUCLEAR REACTOR REGULATION

LT ..C

SECTION 9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM
REVIEW RESPONSIBILITIES '
Primary - Auxiliary Systems Branch (ASB) |

Secondary - Effiuent Treatment Sgstems Branch (ETSB)
Containment Systems Branch
Radiological Assessment Branch RAB)
Power Systems Branch (PSB) |

I. AREAS OF REVIEW .
The equipment &nd floor drainage system (EFDS) s designed to assure that waste
14quids, valve and pump leakoffs, and tank drains are directed to the proper area for
processing or disposal. The ASB reviews the equipment and floor drafnage system,
including the collection and disposal of 1iquid effluents outside containment. This
includes piping and pumps from equipment or floor drains to the sumps, and any addf-
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 21l waste 1iquid
effluents so that they will be processed in & controlled and safe manner. ASS
will determine that: v

2. The systim is capable ef handling the volume of lezkage expected, including .
the capacities of the sumps, drzin tanks, and sump pumps.

b. The system is capable of preventing a backflow of water that might result
from maxfmm flood leve1§ to areas of the plant containing safety-related
equipment.

¢. There is no potential for inadvertent transfer of contaminated fluids to 2
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 §s capable of

USNRC STANDARD REVIEW PLAN
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collecting, sampling, &nalyzing, and processing the effluents from the EFDS consistent

with the requirements for disposal of radwaste materfal, The CSB will verify that

portions of the drain system penetrating the containment barrier are designed with 0)
acceptable isolation features to maintain containment integrity for 211 operating

conditions including accidents. RAB will verify that the system will meet cccupational

radiation protection criterfa of Regulatory Guide 8.8. PSB verifies that power

supplies for safety-related portions of the EFDS meet criteria appropriate to its

safety function.

3
;,.
;
;.

11. ACCEPTANCE CRITERIA
1. Acceptability of the design of the equipment &nd floor drafnage 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 {nadvertent 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 1f portions of the EFDS are safety-
related:

a. If the system is capable of detecting leaks fn safety systems that utilize
the drainage system sumps, and is the only means for such leakage detection, e
it 1s considered safety-related in this regard. 0}

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 fn this area.

c. If the system {s connected so that an inadvertent transfer of contaminated
fluids to non-contaminated drainage systems can occur, it is consfdered
safety-related 1n 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 fn adverse
effects on essential systems or components (f.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, 1
and floods., : ;

. Rev. ‘ 9.3-3.2
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b. General Design Criterion 4, with respect to'ihéucapapjlity'bf withstaﬁding ‘f
the effects of external missiles and {nternally generated missiles, pipe
whip and jet fmpingement forces assocciated with pipe breaks.

¢. 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 fdentified in subsection 1 of this SRP section as being
the responsibility of other branches, the acceptance criterfa and their methods of
application are contained in the SRP sections corresponding to those branches.

REVIEW PROCEDURES 4

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
prelinfnary 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 initfal design criteria anc bases have .been appropriately implemented
in the final design as set forth in the final safety analysis report.

Upon request from Lhe primary reviewer, the secondary review branches will provide
fnput for the areas of review stated in subsection I. The primary
reviewer obtains and uses such tnput 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&IDs) show the EFDS layout and equipment,
fncluding pumps and valves necessary for routfng effluents, the minimum drain
tank capacity system flow requirements, connectfons tc areas containing safety-
related equipment or to non-contaminated drain systems, and any use made of the .
EFDS 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 II.2, above. These "essential®
portions of the EFDS are then reviewed on the basis of the criterfa of subsection
11.3, as §s described {n the paragraphs that follew.

9.3.33 ¢
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The EFDS performance requirements sectfon of the SAR s reviewed to confirm that

ft describes component allowable operatfonal degradatfon (e.g., drain blockage,

sump pump leakage, or faflures) for safety-related portions of the system and @
describes the procedures that will be followed to detect and correct these

conditions 1f they become excessive. The reviewer determines that essential

portions of the system can sustain the loss of any active component and meet

ninfmum system requirements. The system P&LIDs, layout drawings, and component

descriptions and characteristics are then reviewed for the following points:

a. Essential portions of the EFDS are correctly {dentified and are isolable
from the non-essential portions of the system to the extent required by
system performance requirements.

b. Essential portions of the EFDS 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 classificatfons have been
fncluded, and that the PLIDs indicate any points of change in piping quality
group classification.

The reviewer verifies that the system sifety 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, O)
to determine that:

a. Failure of non-essential portions of the system, or of other systems not
desfgned to seismic Category 1 Standards and located close to essential
portions of the system, or of non-sefsmic Category I structures that house,
sonport, or are close to éssential portions of the EFDS, will not prectude
op~ ztion of the essential portions of the EFDS. Reference to SAR Chapter
2 (wnich describes site features) and the genera) arrangement and layout
drawings will be necessary. Statements in the SAR to the effect that the
above conditions are met are acceptyble.

b. System capability to prevent drain or flcod water from backing up in the
drainage system into areas houstng safety-related equipment has been fncor-
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 radic-

active waste fluids to the radwaste area. It will be acceptable {1f the

system P&1Ds and design criteria show that the potential for inadvertent : ,
transfer of contaminated fluids to noncontaminated dratnage syét.em for O ‘
disposal has been precluded.

903.3'4
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d. Essential portions of the system are protected from the effects of high and
noderate energy Vine breaks. Layout drawings are reviewed to assure that i
no high or moderate energy piping systems are close to essentfal portions
of the EFDS, or that protectfon from the effects of faflure will be provided.
The means of providing such protection will be given in Section 3.6 of the
SAR, and the procedures for.reviewihg this information are given in the
corresponding SRP sectfons. : | f

4. The descriptive information, PLIDs, EFDS drawings, and failure modes and effects
analyses §n the SAR are reviewed to assure that essential portions of the system
can function as required following design basis accidents, assuming a concurrent
fatlure of a single active component. The reviewer evaluates the analyses
presented in the SAR to assure function of required components, traces the
availabflity 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.

EVALUATION FINDINGS
The reviewer verifies that sufficient information has been provided and his review
supports conclusions of the foilowing type, to be fncluded {n 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 assocfated 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 1iquids 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 fleoor

dratnage systems is in conformance with the design criteria and bases. {(OL))

"The basis for acceptance in th; staff review has been conformance of the appli- f
cant's designs and design criterfa for the essentfal pertions of the equipment 5
and floor drainage system and necessary auxiliary supporting systems to the
Commission's regulations as set forth in the genera) 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 applficable regulations, guides, staff positions, and industry
standards, and s acceptable.”
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s V. REFERENCES _
1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Natural Phencmena.” e)
-

2. 10 CFR Part 50, Appendix A, Genera) 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.”

5. Regulatory Guide 8.8, "Information Relevant to Maintaining Occupational Radfation
Exposure As Low As Practicable (Nuclear Reastors).”

6. Branch Technical Posftions 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 (FWR)
(INCLUDING BORON RECOVERY SYSTEM)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASEB)

Secondary - Core Performance Branch (CPB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materfals Engineering Branch (MTEB)
Effluent Treatment Systems Branch (ETSB)
Instrumentation and Control Systems Branch (1CS8)
Radiological Assessment Branch (RAB)
Power Systems Branch (PSB)
1. AREAS OF REVIEW
Pressurized water reactor (PWR) plants include a chemical and volume control system
(CVCS) 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 boren neutron absorber concentration in the
reactor coclant, and control the primary water chemistry. Further, the system provides
recycled cocolant for the demineralized water makeup system for normal operatfon and the
design may also provide high pressure injection flow to the emergency core cooling system
in the event of postulated accidents. The review 1s performed to assure conformance with

the requirements of General Design Criteria 2, 4, 5, 26, 27, 29 and 33.

1. The ASB reviews the systems from the letdown 1ine of the primary system to the
charging lines that provide makeup to the primary system and the reactor ccolant
pump seal-water system. The system. is reviewed to the fnterfaces with the
demineralized water makeup system and radioactive waste system.

2. The ASB reviews the functicnal 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 ASB reviews the system to determine that a malfunction, a single failure of an
active component, or the loss of a cooling source wil) not reduce the safety-related
functional performance capabilities of the system.

4. The system s reviewed with respect to the effects of postulated breaks or leakage
cracks in high and moderate energy piping cutstde containment.
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The system {s reviewed to determfne that quality group and seismic desfgn requirements
are met. The effects of fatiure of equipment or components not designed to withstand
seismic events on safety-related functions of the system are evaluated.

6. The ASB reviess the system design with respect to the capability to detect, collect, |
and control system leakage and to isclate portions of the system in case of excessive
leskage or component malfunctions. RAB reviews the system with respect to maintaining
occupational radiation exposure as low as practicable,

7. The ASB 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 operatfonal testing are evaluated, as are the §nstrumentation and
control features that determine and verify that the system is operating in the
correct mode.

9. The applicant's proposed technical speciffcations are reviewed for operating license
applications as they relate to areas covered fn this SRP section. (

10. The RSB, 1n 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 1imits or the system pressure criterfa and that adequate
time s avajlable for the reactor operator to terminate any dilutfon that may occur
before the shutdown margin has been lost.

Secondary reviews are performed by other branches and the results used by the ASB to |
complete overall evaluation of the system. The secondary reviews are as follows. The

CPB determines the adequacy of the specified boron concentratfons 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 1 structures
housing the system and supporting systems to withstand the effects of patural phenomena
such as the safe shutdown earthquake (SSE), the probable maximum flood (PMF), and torpado
missiles. The MEB reviews the sefsmic qualification of components and confirms that
components, piping, and structures are designed in accordance with appiicable codes and
standards, The HTEB verifies that fnservice 1ﬁspection requirements are met for system
components and upon request will verify the compatibility of the materials of construc-
tion with service conditfons. The ICSB and PSB evaluate the controls and instrumentatien,
and power sources, respectively, with regard to their capability, capacity, and re1iabilitgl
to perform safety-related functions during normal and emergency conditfons. The ETSB
reviews the CVCS and BRS to determine the source terms for possfble radioactive releases
and the processing of radicactive effluent from the BRS by the waste management systems.

The RAB will verify that the system meets radiation protection criterfa. @
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ACCEPTANCE CRITERIA

Acceptability of the CVCS and BRS design, as described {n the applicant's safety analysis
report (SAR), is based on specific general design criteria and regulatory guides. Listed
belew are the specific criteria related to the CVCS and BRS. '

The design of the CVCS and BRS is acceptable {f the integrated design of the system is in
accordance with the following criteria:

]C

6.

7.

10.

n.

Genera) 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.

General Desfgn Criterion 4, with respect to structures housing the system and the
system ftself being capable of withstanding the effects of external missiles and
internally generated missiles, pipe whip, and jet impingement forces associated with
pipe breaks.

General Design Criterion 5, as related to shared systems and components important to
safety being capable of performing required safety functions.

General Design Criterfon 26, as related to the CVCS capability to control the rate
of reactivity changes resulting from normal power changes and the capability to
maintain the reactor core subcritical under cold conditfons.

Genera) 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.

General -Design Criterfon 29, as related to the reliability of the CVCS to perform
its safety-related function.

General Design Criterfon 33, as related to the CVCS capability to supply reactor
coolant makeup in the event of small breaks or leaks fn the reactor coolant pressure

boundary so. that specified fuel design 1imits are not exceeded.

Regulatory Guide 1.26, as related to qualfity group classifications.

‘Regulatory Guide 1.29, as related to seismic design classifications.

Regulatory Gufde 1.102, as related to the protection of structures, systems, and
components fmportant to safety from the effects of flooding.

Regulatory Guide 1,117, as related to the protection of structures, systems, and
components {mportant to safety from the effects of tornado missiles.

9.3.4-3 oo Rewa

RO A

-

IR T R T R
A ek i s e a2 L & At e 1

b Lt e P
5 ¢ v

}
.




12.  Branch Technical Positfons ASB 3-) and MEB 3-1, as rélated te breaks in high and |
moderate energy piping systems outside containment.
@

For those areas of review identified fn subsection I of this SRP section as being the
respons{bility of other branches, the acceptance criteria and their methods of application
are contained in the SRP sections corresponding to those branches. :

11. REVIEW PROCEOURES
The procedures below are used during the construction permit (CP) review to determine
that the design criterfa and bases and the preliminary design as set forth in the
preliminary safety analysis report meet the acceptance criteria given in subsection I1I. f
For the review of operating license (OL) applications, the procedures are utilized to
verify that the inittal design criteria and bases have been appropriately implemented in
the final desfgn as set forth in the final safety analysis report.

The procedures for OL applications include a determination that the content and fntent of
the technical specifications prepared by the applicant are $n agreement with the require-
ments for system testing, minimum performance, and survefllance 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 fnputs as required to assure that this review procedure is complete. 0)

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 §s assumed that

the typical system consists of a regenerative heat exchanger to cool the letdown flow |
from the RCS before processing 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 regeneratfon
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, P4IDs, show the CVCS equipment that is used for rormal oper-
ation, and the minimum system heat transfer and flew requirements for normal plant
operation. The system performance requirements will alss be reviewed to determine |
that it limits expected component cperational degradation (e.g., pump leakage, heat ’)
exchanger scaling, resin deterioration) and descrides the procedures that will be =7
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followed to detect and correct these conditions when they become excessfve. The

reviewer, using the results of failure modes and effects analyses, comparisons with

previously approved systems, or {ndependent calculatfons, as appropriate, determines

e that the system can sustain the Yoss of any active component and meet the minimum
system vequirements for site shutdown or accident mitigation. The system P&LIDs,
layout drawings, and component descriptions and characteristics are then reviewed
for the following points: ’

a. Essentfal portions of the CVCS ‘are correctly fdentiffed and are verified to be
{solable from the non-essentfal portions of the system. The PLIDs will be
reviewed to verify that they clearly indicate physical divisions between such
portions and indicate design classification chinges. System drawings are also
reviewed to see that they show the means for accomplishing isclation and the
system description {s reviewed to identify minimum performance requirements for
the fsolation valves.

b. Essential portfons of the CVCS, {ncluding the fsolatfon valves separating
essential portions from non-essential) portions, are classified Quality Group C |
and sefsmic Category 1. Component and system descriptions {n the SAR are
reviewed to verify that the above seismic and safety classifications have been
included, and that the PLIDs indicate any points of change in piping quality
group classification.

o c. Design provisfons have been made that permit appropriate inservice inspection
and functional testing of system components important to safety. It will be
acceptable {f the SAR {information delineates a testing and inspection program
and {f the system drawings show the connectfons 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
mafntain the RCS water inventory within the allowable pressurizer level range
for 211 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&IDs that makeup tec the RSC can be accomplished via two redundant
appropriately designed flow paths. -

e, Using the results of evaluations performed by the CPB, the ASB verifies the i
adequacy of the system for reactivity control in the following areas:

(1) Boration of the reactor coolant system {s accomplished through efther of -
two flow paths and from efther of two boric acid sources. This {s verified
from the review of P&IDs and system description.

9345




Rev. 1

f'

S e AR e g NV Pt Cur T, AT S e e et e

(2) The emount of borfc acid stored fn the CVCS exceeds the amount requiﬁed to
borate the reactor ccolant system to cold shutdown concentratiosn, assuming
that the control assembly with the highest reactivity worth is held in the
fully withdrawn positfon, and to compensate for subsequent xenon decay
during any part of core Yife. This §s verified from a review of the SAR.

(3) The CVCS §s capable of counteracting the {nadvertent positive reactfvity
{nsertion caused by the maximum boron dilution accident.

The adequacy of the CVCS for control of water chemistry is verified by examina-
tion of the informaticn provided in the SAR, i.e., the allowable ranges for
primary coolant activity, total dissclved solids, pH, and maximum allowable
oxygen and halide concentrations,

The adequacy of resin overtemperature protection {s verified by reviewing the
system description and drawings to determine that temperature sensors are
provided that will actuate the demineralizer bypass or isolation valves.

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.

The cperating procedures and controls for boron addition and primary coolant
dilution are reviewed for adequacy.

The system P&IDs are examined to determine that all components and piping that
can contain borfc acid . {11 either be heat traced or wil) be located within
heated rooms to prevent precipitation of boric acid.

The reviewer verifies that the safzty function of the system wil) be maintained as
required in the event of adverse environmental phenomena such as earthruakes,
tornadoes, hurricanes, and floods, or in the event of certain pipe breaks or loss of
offsite power. The reviewer uses engineering judgeent, failure modes and effects
analyses, and the results of reviaws performed under other SRP sections, as
applicable, to determine the following:

The faflure of portions of the system or of other systems not designed to
sefsmic Category I standards and located close to essentfal portions of the
systen, or of non-seismic Category I structures that house, support, or are
close to essential portfons of the CVCS, will not preclude operation of the
essentfal portions of the CVCS. Reference to SAR sectfons describing site

features and the general arrangement and Jayout drawings will be necessary, as

well as the SAR tabulation of seismic desfgn classificatfons 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 preotected frqm the effects of fleods,
hurricanes, tornadoes, and internally or externally generated missiles. Flood
protection and missile protection criteria are discussed and evaluated in
detail under the SRP Scction 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 {s adequate. A statement to the effect that
the system {s 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 rocms 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 cf the system are
reviewed to assure that no high or moderate energy piping systems are close to
essentia) 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. Essaential 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 ac.eptable {f the CVCS meets minimum system reg.irements as
stated in the SAR assuming & faflure of a single active component, within the
system or in the auxiliary electric power source, which supplies the system.
The SAR §s 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 fn the SAR and
the results of faflure 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.

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 fn the SAR to assure
function of required components, traces the availability of these components on
system drawings, and checks that the SAR contains verffication that minimum

system flow and heat transfer requirements are met for each accident situatfon

for the required time spans. For each case, the desfgn will be acceptable if
ninimum system requirements are met.

The boron recovery system is not required for safe shutdown, or for the prevention
or nitigation of postulated accidents. The BRS will be reviewed for the following:
If the system tankage is of non-seismic Category I desfgn, 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 1imits. The facility design, including P&IDs,

are reviewed to assure that safety-related equipment will not be adversely affected
by flooding. ' e

IV. EVALUATION FINDINGS

The reviewer verifies that sufficfent informatfon 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) {ncludes
components and piping associated with the system from the letdown )ine of the primary
system to the charging 1ines 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 Criterfon 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 Capabflity,” General Design Criterfon 29,
"Protection Against Anticipated Operational Occurrences," General Design

Criterion 33, "Reactor Coolant Makeup," and meets the gufdelines contafned 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 Pos{tion ASB 5.5-1, "Fire Protection for Nuclear
Power Plants," and Branch Technical Fositions ASB 3-1 and MEB 3-1 and, therefore, is
acceptable.

V.  REFERENCES
1.

10 CFR Part 50, Appendix A, General Desfgn Criterfon 2, "Design Bases for Protection
Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Desfgn Criterion 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterfon §, “Sharing of Structures,
Systems, and Components."

10 CFR Part 50, Appendix A, General Design Criterton 26. "Reactivity Control System
Redundancy and Capability."
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6.

7.

8.

9.

10.

.

10 CFR Part 50, Appendix A, Genera) Design Criterion 27. “Combihed Reactivity Control
Systems Capability."

10 CFR Part 50, Appendix A, General Desfgn Criterion 29, Protection Agatnst
Anticipated Operational Occurrences.” ’

10 CFR Part 50, Appendix A, General Desfgn Criterfon 33, "Reactor Coolant Makeup.”

Regulatory Guide 1.26, "Quality Group Classificaticns and Standards for Water-,
Steam=-, and Radioactive-Waste-Containing Components of Nuclear Power Plants.” |

Regulatory Guide V.29, "Seismic Design Classification.” 1
Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants.”

Regulatory Guide 1.117, "Tornado Design Classification."

Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Failures
fn Fluid Systems Outside Containment,” attached to SRP Section 3.6.1, and MEB 3-1,

“postulated Break and Leakage Locations fn Fluid System Piping Outside Containment,”
attached to SRP Section 3.6.2. |
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SECTION 9.3.5 " STANDBY LIQUID CONTROL SYSTEM (EWR)
REVIEW RESPONSIBILITIES
Primary - Auxiliary Systems 8ranch (ASB) r _ B |
Secondary - Core Performance Branch (CPB)
Mechanical Engineering Branch (MEB)

Materials Engineering Branch (MTER)
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 fnto the reactor to effect shutdown.

This system has the capadbility for contrelling the reactivity difference between the

steady-state operating condition at any time {n core 1§fe and the cold shutdown cond{-

tion. The review covers the SLCS design to the point where the system connects to the

reactor coolant system (RCS). The ASB reviews the system to determine fts adequacy to

perform the shutdown function to assure conformance with the requirements of General

° Design Criterfa 2, &4, 21, 26 and 27. Other points reviewaed by ASB are as follows:

1. The functional performance characteristics of SLCS components and the effects of
adverse environmental cccurrences, abnormal operational conditfons, 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 fajlure of & 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 sefsmic desfgn requirements ire met for the
system.

o

The system design with respect to the capability to detect, collect, and control
system leakage and the capability to isolate portions of the system §n case of
excessive leakage or component malfuncticns.

.
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6. The capability of the system to prevent precipitatich of the neutron absorber in
components and 1ines containing the absorber solutions.

7. The provisfons for operational testing and the fnstrumentatfon and control features O
that verify that the system {s available to operate fn the correct mode.

8. The applicant's proposed technical specifications for operating Vicense applica-
tions as they relate to areas covered fn 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 cold shutdown at any time in core 1ife 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 abflity 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 {nspection '
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, fnstallation, inspection, "and testing of electrical components
(sensing, control, and power) required for proper operation.

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 fntegrated design of the system is in |
accordance with the following criteria: '

1.  General Design Criterion 2, as related to structures housing the system znd the
system {tself 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 impfngement forces associated
with pipe breaks.
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3. General Design Criterion 21, as related to system dégidﬁtFequiremgnts.fér high :
functional relfability, fnservice testabilfty, and capabilfty to meet the single
fajlure criterion. ‘ :

4, General Design Criterion 26, &s 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
mafntain the reactor core subcritical under cold conditions.

6. Regulatory Guide 1,26, &s 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 Positiens ASB 3-1 and MEB 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 of this SRP section as being the
‘responsibility of other branches, the acceptance criterfa and their methods of applica-
tion are contained in the SRP sections corresponding to those branches.

REVIEW PROCEDURES .

The procedures below are used during the construction permit (CP) review to determine
that the design criteria and bases and the pfeliminary design as set forth in the
preliminary safety analysis report meet the acceptance criterfa given {n subsection II.
For the review of cperating 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 determinatfon that the technical specifi-
cations prepared by the applficant are in agreement with the requirements for system

testing, minimum performance, and surveillance developed as a result of the staff's
review.

9.3.5-3 . | Rev. 1
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Upon request from the primary reviewer, the secondary review branches will provide
fnput 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. 0

For the purpose of this SRP section, & typical system is assumed for use as a guide. [
It §s assumed that the SLCS consists of a boron sclutfon tank, a test water tank, two
positive displacement pumps, two explosive valvas, and associated local valves and
controls. For cases where there are varfations 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 instru- |
mentatfon diagrams (P&IDs) delineate the SLCS equipment. The reviewer, using the
results of failure modes and effects analyses, comparisons with previcusly 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 mftigation. 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 sefsmic 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
tnformation delfneates a testing and inspection program and §f the system
drawings show the connections and special piping and equipment required by
this program.

¢. Using the results of the evaluatfon performed by the Core Performance Branch,
the ASB determines that the system has the capability to store the required |
quantity cf 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 ijmperfect mixing and leakage,
qnd dilution by the residual heat removal system.

d. The system PL4IDs 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. i -
The reviewer verifies that the safety function of the system will be mafntained as
required §n 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 faflure of systems not designed to seismic Category I standards and
located close to essential portions of the system, or of non-sefsmic 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-
jng 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 1s protected from the effects of flcods, hurricanes, tornadoes, and
internally or externally generated missles. Flood protection and missile
protection criteria are discussed and evaluated {n detail under tho SRP
Section 3 serfes. The location and the design of the system, struztures,
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 individua) cubicles or rooms that will withstand the effects of both
flodding and missiles is acceptable.

¢. 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 essentfal
portions of the SLCS or that pﬁotection 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
fn 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 offsfte power. The system
design is acceptable {f the SLCS meets minimum system requirements as stated
fn the SAR assuming a failure of a sfngle active component within the system
or in the auxiliary electric power source which supplfes the system; State-
ments in the SAR and the results of faflure modes and effects analyses are
considered fn assuring that the system meets these requirements. This will
be an acceptadble verification of system functional relfability.
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The descriptive information, P&IDs, layout drawings, and faflure modes and effects
analyses in the SAR are reviewed to assure that essentia) portions of the system
will function following desfgn basis accidents assuming a single active component
faflure. The reviewer evaluates the informatfon in the SAR to assure function of
required components, traces the availability of these components cn system drawings,
and checks that the SAR contains verificatfon that minimum system flow requirements
are met for each accident situation for the required time spans. For each case,
the destgn will be acceptable if minimum systems requirements are met.

Iv. [EVALUATION FINDINGS
The reviewer verifics that sufficient information has been provided and his review
supports conclusions of the fol' wing type, to be included in the staff's safety

evaluation repert:

"The standby liquid control system (SLCS) includes storage tinks. 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

1iquid control system, and the requirements for system functfons to provide reac-
tivity control during accident conditfons, the staff concludes that the design of
the siancby 1iquid control system is in conformance with the Commission's regula-
tions as set forth in General Design Criterfon 2, "Design Bases for the Protection
Against Natural Phenomena,” General Design Criterion 4, "Environmental and Missile
Design Bases," Genera) Design Criterfon 21, "Protection System Relfability and
Testing," General Design Criterion 26, "Reactivity Control System Redundancy and
Capability,” General Design Criterfon 27, "Combined Reactivity Control Systems
Capability," and meets the guidelines contafned fn Regulatory Guide 1.26, "Quality
Group Classifications and Standards for Water-, Steam-, and Radfoactive-Waste-
Containing Components of Nuclear Power Plants,” Regulatory Guide 1.29, "Sefsmic
Design Classification,” Regulatory Guide 1.102, "Ficod Protection for Nuclear
Power Plants,” Regulatory Guide 1.117, “Tornado Destgn Classification,* and Branch
Technical Positions ASB 3-1 and MEB 3-1, and, therefore, §s acceptable.

V.  REFERENCES

1.

Rev. 1

10 CFR Part 50, Appendix A, General Design Criterfon 2, *Design Bases for Protec-
tion Against Natural Phenomena." ‘

10 CFR Part 50, Appendix A, Genera) Design Criterfon 4, “Environmental and Missile
Design Bases."

10 CFR Part S0, Appendix A, General Design Criterfon 21, "Protection System
Reliability and Testability."

10 CFR Part 50, Appendix A, General Design Criterion 26, "Reactivity Control
System Redundancy and Capability."
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10 CFR Part 50, Appendix A, General Design Criterion 27:
Control Systems Capability." ’

Regulatory Guide 1.26, "Qualfty Group Classifications ind Standards for ﬂdierQ.
Steam-, and Radicactive-Waste-Containing Components of Nuclear Power Plants.* {

Regulatory Guide 1.29, "Sefsmic Design Classification.” . o
Regu1a;ory Guide 1,102, “Flood Protection for Nuclear Power Plants.*

Regulatory Guide 1.117, "Tornado Design Classiffcatfon."

Branch Technical Positions ASB 3-1, "Protection Against Postu1ated‘Piping Faflures
in Fluid Systems Outside Containment," attached to SRP Section 3.6.1, and MEB 3-1,

"postulated Break and Leakage Locatfons in Fluid System Piping Outside Containment,”
attached to SRP Section 3.6.2. {
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SECTION 9.4.1 CONTROL ROOM AREA VENTILATION SYSTEM
REVIEW RESPONSIBILITIES
Primary - Auxiliary Systems Branch (ASE) 1
Secondary - Instrumentation and Control Systems Branch (ICSB) ' |

Mechanical Engineering Branch (MEB)

5tructural Engineering Branch (SEB)

Materials Engineering Branch (MTEB) .

Power Systems Branch (PS8) |

1. AREAS OF REVIEW

The function of the control room ares ventilation system (CRAVS) is to previde & con-
trolled environment for the comfort and safety of control room personnel and to assure |
the operability of control room components during normal cperating, anticipated opera-
tional transient, and design Lasis 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 l
conformance with the requirements of General Design Criteria 2, 4, S and 19. The

review includes components such as afr intakes, ducts, afr conditioning units, filters,
blowers, isolation dampers or valves, and exhaust fans. The review of the CRAVS covers

the control room, switchgear and battery rcom, access control area, coantrel building
heating, ventilating, and air conditioning (HVAC) equipment room, and computer room.

1. The ASB reviews the CRAVS to determine the safety sfgnfficance of the systenm.
Based on this determination, the safety:}eiated portions of the system are reviewed
with respect to the functional performance requirements to maintain the habitability
of the control rcom area and cther 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, combusticn and other toxic products,
and the coincidental loss of offsite power. The ASB reviews safety-related por- i
tions of the system to assure chat:

a. A single active failure cannot result in loss of the system functional perfor-
mance capability.

b. Components and piping have sufficfent physical separation or barriers to
protect essential portions of the system from mfssiles, pipe whip, and fires. |

USNRC STANDARD REVIEW PLAN
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c. Failures of non-seismic Category 1 eqbipméntvbi‘cémponehts w11i no£ affect
the CRAVS. '

2. The AS8 also reviews safety-related portions of the CRAVS with respect to the
follewing: T

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 abflity to detect, filter, or expedite safe discharge of airborne contam-
{nants inside the control room.

c. The provisions for the detectfon and isolation of portions of the system in
the event of fires, failures, or malfunctions.

d. The ability of essentiai 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 accidenta)
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 effectivenass 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 evaluatian 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 probadble
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 §n accordance with applicable codes and standards. The MTEB veriffes that
jnservice 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 idequacy of the design, fnstallatfon, inspectfon, and test-
ing of 211 essential electrical components (sensing, control and power) required for
proper operation,

ACCEPTANCE CRITERIA
Acceptabilfty of the CRAVS 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 1if the integrated
design of the system is in accordance with the following criteria:

1. Generai Design Criterion 2, as related to structures hcusing the system and the
system itself befng capable of withstanding the effects of natural phenomena such
as earthquakes, tornadoes, hurricanes, and floods.

2. Genera) Design Criterion 4, with respect to structures housing the system and the
system itself being capable of withstanding the effects of exterpal missiles and
internally generated missiles, pipe whip, and jet i{mpingement forces associated
with pipe breaks.

3. Genera) 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.

S. 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 Positfons 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 subsectfon I of this SRP section as befng the

responsibility of other branches, the acceptance criteria and their methods of applica-
tion are contained in the SRP sections corresponding to those branches.

9.4.1-3 Rev. 1
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REVIEW PROCEDURES | |

The procedures below are used during the construction pé?ﬁit (CP) review to determine
that the design criterfa and bases and the preliminary design as set forth fn the
preliminary safety analysis report meet the acceptance criterfa given in subsection II. | O :
For the review ot operating Vicense applications, the procedures are used to verify

that the §nftia) design criteria and bases have been appropriately implemented in the
fina) design as set forth in the fina) safety analysis report. The procedures Jor OL
reviews include a determination that the cuntent 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 I. The primary reviewer obtains and
uses such fnput as required to assure that this review procedure is complete.

As a result of varfous CRAVS designs proposed by applicants, there will be varfations

in system requirements. For the purpese of this SRP section, a typical system with |
redundant subsystems is assumed with each subsystem having an {dentical essential

(safety features) portion. For cases where there are varjations from this typical
arrangement, the reviewer would adjust the review procedures given below. However, the
system design would be required to meet the acceptance criterta given in subsection II.
The reviewer wil) select and emphasize material from this SRP section as may be appro- I
priate for a particular case.

1. The SAR is reviewed to verify that the system description and piping and instrumen-
tatfon diagrams (P&I0s) show the CRAVS equipment used for normal and emergency |

operations, and the ambient temperature limits for the areas serviced. The system
performance requirements section {s reviewed to determine that it describes allow-
able component operational degradation (e.g., loss of cooling function, damper
Yeakage) 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 {s 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 identiffed 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 desfign classification changes. System drawings are also reviewed to
verify that they show the means for accomplishing isolatfon and the system
description is reviewed to {dentify minfmum performance requirements for the
isolation dampers. For the typical system, the drawings and descriﬁtfon are
reviewed to verify that two automatically operated fsolation dampers in e

1
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series separate non-essential portions and components from the essential
portions.

4

b. Essentia) portions of the CRAVS, including the ¥solation dampers separating

essential from non-essential portions are classified Quality Group C and |

seismic Category I. Component and system descripticns in the SAR that {den-
tify mechanical and performance characteristics are reviewed to verify that
the above classifications have been included and that the PLIDs {ndicate
points of change in design classification.

c. DOesign provisions have been made that permit appropriate inservice inspection
and functional testing of system components important to safety. It is
acceptable §f the SAR information delineates a testing and inspection program
and if the system drawings show the necessary test recirculation lcops arocund
pumps or isolation vaives that would be required by this progranm.

The reviewer verifies that the system has been designed so that system function
will be maintained as required in the event 6f 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:

2. lhe failure of non-essentfal portfons of the system or of other non-essertial
systems, structures or components located close to essentfal 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
sefsmic 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 porticns of the CRAVS are protected from the effects of floods,
hurricanes, tornadoes, and {nternally or externally generated missiles.
Flood protection and missile protection criterfa 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 {s located in a seismic Category I structure that §s 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 afrborne

contamination into the system. It fs acceptable if the following conditions
are met:
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(1) The system P&1Ds show monitors located fn 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 §solation of non-essential portions of the CRAVS by
two automatically actuated dampers in series 1s 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 afrcraft 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 Sectfon 3.6.1]

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 requiremenis. This will be an acceptable verifi-
cation of system functional reliability.

f. Essentfal 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.

The descriptive information, P&IDs, CRAVS drawings, and faflure modes and effects
analyses in the SAR are reviewed to assure that essential portfons of the system
can function following design bas{s accidents assuming & concurrent single active
failure. The reviewer evaluates the analyses presented fn the SAR to assure
function of required components, traces the ava$lability of these components on
system drawings, and checks that the SAR contains verificatfon that minifmum system

9.4.1-6
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isolation or filtration requirements are wet for each accident sftuation for the
required time spans. For each case the design will be acceptable {f minimum
system requirements are met.

EVALUATION FINOINGS

The reviewer verifies that sufficient information has been provided and his review
supports conclusions of the following' type, to be included fn 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 ventfla-
tion system and auxiliary supporting systems is fn conformance with the Commissfon'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-

1ines contained in Regulatory Guide 1.26, "Quality Group Classifications and
Standards for Water-, Steam-, and Radjoactive-Waste-Containing Components of
Nuclear Power Plants,” Regulatory Guide 1.29, "Selsmic 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.

REFLRENCES

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 Criterfon 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-Contafning Components of Nuclear Power Plants."

6. Regulatory Guide 1.29, "Seismic Design C*assification."




7. Regulatory Guide 1.117, "Tornado Desfgn Classification.”

8. Branch Technical Posftion ASB 9.5-1, "Fire Protection for Nuclear Power Plants," |
attached to SRP Section 9.5.1. e

9. Branch Tecinical Positions ASB 3-1, "Protection Against Postulated Piping Faflures

in Fluid Systems Outside Containment,” attached to SRP Sectfon 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
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SECTION 9.4.2 SPENT FUEL POOL AREA VENTILATION SYSTEM
REVIEW RESPONSIBILITIES
Primary - Auxiliary Systems Branch (ASB)

Secondary = Mechanical Engineering Branch (MEB)
Mater ia's Engineering Branch (MTEB)
Structural Engineering Branch (SEB) ‘
Instrumentation and Control Systems Branch (1CS8)
Power Systems 8ranch (PSB)
I.  AREAS OF REVIEW
The function of the spent fuel pool area ventilation system (SFPAVS) is to maintain
ventilatfon in the spent fuel pool equipment areas, to permit personnel access, and to
control airborne radioactivity in the area during normal eoperaticn, 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 statfon 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 conditior g units, filters,
blowers, {solatjon dampers, and exhaust fans. The review of tue SFPAVS covers all
areas containing or adjacent to the spent fuel pocl, including the spent fuel coocling
pump room,

1. The ASB reviews the SFPAVS to determine tﬁé safety significance of the system.
Based on this determination, the safety-related part of the system §s 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 actfve 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.

USNRC STANDARD REVIEW PLAN
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¢. Fatlures of non-seismic Categofy I equipment or components will not affect
the SFPAVS.

2. The ASE also reviews safety-related portions of the SFPAVS with respect to the N o
following: |

a. The capability to direct ventilatfon 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 faflures 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. TJo determine that the quality ﬁroup 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 (AAB) evaluates the radiclogical 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 cuntrol 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 réviewed 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 1 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 veriffes that inservice
inspection requirements are met for system components and, upon request, will verify the
compatibility of the materials of construction with service conditfons. The ICSB and PSB |
determine the adequacy of the design, installaticn, inspection, and testing of all essen-

tial electrical components (sensing, control and power) required for proper o'peration. |°
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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 {s acceptable {f the integrated
design of the system fs in accordance with the following criteria:

1. Genera) 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 flocds.

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 1imit 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 sectfon 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.

REVIEW PROCEDURES

The pr.cedures 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 criterfa given in subsection II.

9.4.2-3 . Rev. 1




For the review of cperating Vicense (OL) applicatfons, the procedures are used to

verify that the 1n1tiai design criteria and bases have been gppropristely {mplemented

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 fntent of the technical e
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
fnput for the areas of review stated fn subsection 1. The primary reviewer cbtains and l
uses such fnputs 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 vequirements. For the purpose of this SRP sectfon, a typical system is |
assumed which has fully redundant subsystems, each having an identical essential

(safety features) portion. For cases where there are varfations 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
fnstrumentation 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 faflure modes and effects analyses
as appropriate, determines that the safety-related porticn 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&IDs are reviewed to verify
that they clearly indicate the physical divisfons between such portions and
{ndicate design classification changes. System drawings are also reviewed to
verify that they show the means for accomplishing isolation and the system
description §s reviewed to identify minimum performance requirements for the
isclation dampers. For the typical system, the drawings and description are
reviewed to verify that two automatically operated §solation dampers in
series separate non-essential portions and components from the essentfal
portions.
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b. Essentfal portions of the SFPAVS, including the fsolation dampers separating
essential from non-essentfal portions, are classified Quality Group C and
seismic Category 1. Component and system descriptions in the SAR that iden-
tify mechanfcal and performance characteristics are reviewed to verify that
the above classifications have been fncluded, and that the P&IDs indicate any
points of change in design classificatiﬁh.

¢. 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.

The reviewer verifies that the system has been désigned 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-
uvates 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 1 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 sectfons
describing site features and the general arrangement and layout drawings will
be necessary, as well as the SAR tabulation of seismic desfgn classifications
for structures and systems,

b. The essential portions of the SFPAVS are protected from the effects of floods,
hurricanes, tornadoes, and {nternally- 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 contaminatiun from the system. It is acceptable {f the following

conditions are met:

(1) The capability for isolating ncn-essential portfons of the SFPAVS by
two automatically actuated dampers in series is shown in the P&IDs.
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{(2) The SFPAVS has provisions to filter radfoactive contamfnants 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 ventilat{on exhaust ducts.
A statement {n the SAR that the technical specifications will require
that the SFPAVS be operating whenever fuel handling operations are in
progress is required.

d. The essentfal 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 cubsystems necessary for preventing the release of radfoactive
contaminants can functfon as required in the event of loss of offsite power.
The system design will be acceptable if the SFPAVS meets minfmum system
requirements as stated in the SAR assuming a faflure of a single active
component, within the system itself or in the auxiliary electric power source
which supplies the system. The SA@ {s 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 faflure 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 avaflabflity of these components on
system drawings, and checks that the SAR contains verification that minimun system
isolation or filtration requirements are met for each accident situatfon 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 informatfon 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 spent fuel poo) area ventilation system (SFPAVS) fncludes alt components and
ductwork from air intake to the point of discharge where the system connects to
the gaseous cleanup and treatment system or statfon vents. Based on the review of
the appiicant'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 ventilatfon system and supporting
systems is in conformance with the Commission's regulatfons as set forth in
General Design Criterfon 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 1.13, "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, "Sefsmic Design Classification,” Regulatory

Guide 1.117, "Tornado Desfgn Classification,” Branch Technical Position ASB 9.5-1,
“F{pe Protection for Nuclear Power Plants,”" and Branch Technical Posftions ASB 3-)

and MEB 3-1 and is, therefore, acceptable.

REFERENCES
Y. 10 CFR Part 50, Appendix A, Genera) Design Criterion 2, "Design Bases for Protec-
tion Against Natural Phenomena." ‘

2. 10 CFR Part 50, Appendix A, Genera) Deﬁign Criterion 4, "Environmenta) and Missile
Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components.”

4. Regulatory Gufde 1.13, "Fuel Storage Facility Design Basis."

5. Regulatory Gutde 1.26, "Quality Group Classifications aﬁd 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 ASE 9.5-1, “?ire 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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STANDARD REVIEW PLAN

0 OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.4.3 AUXILIARY AND RADWASTE AREA VENTILATION SYSTEM
REVIEW RESPONSIBILIVIES

Primary - Auxilfary Systems Branch (ASB) {

Secondary - Instrumentation and Control Systems Branch (1cs8) i
Mechanical Engineering Branch (MEB)
Power Systems Branch (PSB) |
1. AREAS OF REVIEW
The ASE reviews the auxiliary and radwaste area ventilation system (ARAVS) from afr |
intake to the point of discharge where the sysiem connects to the gaseous cleanup and
treatment system or station vents to assure conformance with the requirements of General
Design Criterfa 2, 4 and 5. The review includes components such as afir intakes, ducts,
afr conditioning units, blowers, isolation dampers, and roof exhaust fans. The review
of the ARAVS covers the radwaste areas and contrclled access nonradicactive areas and
their relationship to safety-related areas in the auxiliary building. ji

1. The ASB reviews the functional performance requirements and the afr 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 cperation,
during adverse environmental occurrences, and during and subseguent to postulated
accidents, including the loss of offsite power. The ASE 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 essentfal portions of the system from missiles, pipe whip, and fires. |

c. Faflures of non-seismic Category ] equipment or components will not result {n
unfiltered releases of radioactive contaminants.

2. The ASB alsc reviews safety-related portfons of the ARAYS with respect to the |
following: ' '
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a. The capability to direct ventilation afr from areas of low radicactivity to
areas of progressively higher radfoactivity.

b. The capability to detect the need for isclation 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.

¢. 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 1limits 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 specificatfons are reviewed for operating
license applications as they relate to areas covered {n 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- e
tures are designed in accordance with applicable codes and standards. The ICSB and PSB

will determine the adequacy of the design, installatfon, inspection, and testing of all
electrical components (sensing, control and power) required for proper operation.

11. 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 l
design of safety-related pertions of the ARAVS is acceptanle if the integrated design
of the system is in accordance with tre 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 {tself 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 V
' 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 desfgn classification of system
components, :

§.  Regulatory Guide 1.117, as related to the protection of structures, systems and
components impo-tant 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 Posftions 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
respensibility of other branches, the acceptance criteria and their methods of applica-
tion are contained in the SRP sections corresponding to those branches.

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 Repert meet “he 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 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 ARAVS designs proposed by applicants, there will be variations
in system requirements. For the purpose of this SRP section, a typical system 1s |
assumed which has fully redundant subsystems, each having an identical essential
(safety features) portion. For cases where there are variatfons from this typical
arrangement, the reviewer would aujust the review procedures given below. However, the
system design would be required to meet the acceptance criteria given fn subsection II.

The reviewer will select and emphasize materfal 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 ARAVS equipment used for normal operation, and
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2.

3.

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 lezkage) 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
fn spite of the faflure of any active component.

The system P&10s, 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 drawihgs are also reviewed to verify
that they show the means for accomplishing fsolation and the description is
reviewed to identify minimum performance requirements for the isclation
dampers. For the typical system, the drawings and description are reviewed
to verify that two automatically operated {solation dampers in serfies
separate pon-essential portions and components from the essential portions.

b. Essential portions of the ARAVS, including the fsclation dampers separating
essential from non-essential portions, are classified seismic Category I and
Quality Group C. Component and system descriptfons in the SAR that identify
mechanical and performance characteristics are reviewed to verify that the
above sefsmic classification has been included, and that the P&IDs indicate
any points of change in design clase: fication,

The reviewer verifies that the essentfal 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 cther systems not

designed to seismic Category 1 standards and located close to essential
portions of the system, or of non-seismic Category I structures that house,
suppart, or are close to essential portfons of the ARAVS, will not preclude
operation of the essential portions of the ARAVS. Reference to SAR sections
describing site features and the general arrangement and layout drawings will
be necessary, as well as the SAR tabulatfon of seismic design classifications
for structures and systems, Statements fn the SAR that verify that the above
conditfons are met are acceptable. (CP)

b. The essential portions of the ARAVS are protected from the effects of floods,
hurricanes, tornadoes, and internally and externally generated missiles.
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Flood protection and missile protection criterfa are discussed and evaluated

in deta$l under the Section 3 series of the SRP. The Vocation 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 2 seismic Category I structure that {s
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 fleoding and missiles 1s acceptable.

¢. The essential portions of the system are protected from the effects of high
and moderate energy line breaks. Layout drawings are reviewed to assurc that
no high or moderate energy piping systems are close to essential portions of
the ARAVS, 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.

1

d. Components and subsystems, 6ecessary 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 ARAVS meets minimum
system requirements as stated in the SAR assuming a failure of a single
active component within the system or in the auxilfary electric power source
which supplies the system. The SAR 1s 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 potentfal radiocactivity tc areas of higher potential
radicactivity. Statements in the SAR and the results of fajlure modes and
effects analyses are considered in verifying that the system meets these
requirements. This wil) be an acceptable verification of system functional
relfability.

4. The descriptive information, P&Ips. ARAVS drawings, and fa{lure 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 fn 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.

EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and his review

supports conclusions of the following type, to be fncluded in the staff's Safety
Evatuation Report:
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"The auxi)iary and radwaste area ventilation system (ARAVS) includes 21l components
and ductwork from air intake to the point of discharﬁé where the system connects

to the gaseous cleanup and treatment system or statfon vents. Based on the review
of the applicant's proposed design criteria, desfign bases, and safety classifica-
tion for the auxiliary and radwaste area ventilation system and the requirements
for systen 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, "Environmenta) and Missile Desfgn 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 Radicactive-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 8ranch Technical
Positions ASB 3-1 and MEB 3~1 and is, tﬁerefore. acceptable.

V.  REFERENCES

1.

Rev. 1

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protec-
tion Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components.”

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 Classificatfon."

Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"
attached to SRP Section 9.5.1,

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 Gutside Containment,®
attached to SRP Section 3.6.2.

9.4.3-6




S Van

o At ua,,‘q) NUREG-75/087
,_3* ”o’:, U.S. NUCLEAR k !GULATORY COMMISSION
< , _ -
'; STANDARD REVIEW PLAN
‘;‘o'*‘.‘\\" OFFICE OF NUCLEAR REACTOR REGULATION
SECTION 9.4.4 TURBINE AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES \
. e 1

Primary = Auxiliary Systems Branch (ASB) o

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 ventilatfon 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 afir intakes, ducts, ccoling units, l
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 performaﬁce requirements and the methods and equip- |
ment provided for afr 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 afr conditioning of the turbine area, desfgned to normal {industrial
standards, and those systems that provide for control and filtration of small
quantities of radioactive gas leakage 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 portfons of the system are
reviewed with respect to funtfonal 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 Desfign Criteris 2, 4 and 5. 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

b. Components and piping have sufficient physical separatfon or barriers to
protect essential portions of the system from missfles, pipe whip and fires. |

-
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c. Faflures of non-seismic Category 1 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 diréct ventilation air from areas of low
radiocactivity to areas of higher radicactivity levels.

b. The capability to detect the need for isolation and to isolate safety-related
portions of the system in the event of fires, faflures, or malfunctions, and
the capability of the isolated system to function under these conditions.

c. To determine that the gquality 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 radfoactive
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 sectfon.

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 cumponents and confirm that the components, pipfng, and struc-
tures are designed in accordance with applicable codes and standards. The ICSB and PS8
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.

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 .: acceptable {f the jintegrated 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 {tself being capable of withstanding the effects of natural phenomena such
as earthquakes, tornadoes, hurricanes, and floods.
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2. General Desigr Criterion &4, with respect to structures housing the system and the
system itself being capable of withstanding the effects of externa) missiles and
fnternally generdted missiles, pipe whip, and jet impingement forces associated
with pipe breaks.

3. Genera) 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.

S. 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 fmportant 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.

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 used to
verify that the initial design criterfa 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 a2 determination that 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 subsectfon I. The primary reviewer obtains and
uses such inputs as required to assure that this review procedure fs complete.

As a result of various TAVS designs proposed by applicants, there will be vartations in

system requirements. For the purpose of this SRP section, a typical system fs assumed
which has fully redundant subsystems, each having an identical essential (safety-related)
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portion. For cases where there are variatfons from this typical arrangement, the
reviewer adjusts the review procedures given below. However, in such cases, the system
design must stfl) meet the acceptance criterfa given in subsection II. The reviewer
selects and emphasizes material from this SRP secticn as may be appropriate for a
particular case,

1.

Rev. 1}

The SAR {s reviewed to verify that the system description and piping and instru-
mentatfon diagrams (P&IDs) show the TAVS 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 léakage) 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 coﬁponent that is required for the
prevention of unacceptable releases of radfoactive contaminants teo the environment.

The system P&IDs, layout drawings, and component descriptfons and characteristics
are then reviewed to determine that:

a. Essential portions of the TAVS are correctly fdentified 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 {solatfion 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 isotation 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 1. 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.

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

desfigned 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 essentiat porticns of the TAVS, will not preclude
operation of the essential portions of the TAVS. ﬁeference‘to SAR sectfions
describing site features and the general arrangenent and layout drawings will
be necessary, as well as the SAR tabulation of se:smic 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 {nternally and externally generated missiles.
Seismic design, floud 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 {s adequate. A
commitment in the SAR to the effect that the system §s located in a sefsmic
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
wil) withstand the effects of both flooding and missiles, is acceptable.

c. The essential portions of the system are protected {rom the effects of high
and moderate energy line breaks. Layout drawinys are reviewed to assure that
no high or moderate energy piping systems are close to essentfal portions of
the TAVS or that protection from the effects of faflure 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
the SRP.

d. Components and subsystems necessary for preventing unacceptable releases of
radicactive 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 radicactivity to areas of higher potential
radicactivity. Statements in the SAR and the results of failure modes and
effects analyses are considered fn verifying that the system meets these
requirements. This will be an acceptable verification of system functional
reliability.

4, The descriptive informatfon, P&IDs, TAVS drawings, and fatlure modes effects
analyses in the SAR are reviewed to assure that essential portions of the system
can function following desfgn basis accidents assuming a concurrent single active
fatlure. The reviewer evaluates the analyses presented in the SAR to assure the
function of required components, traces the avatlability of these components on
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system drawings, and checks that the SAR contafns verification that minimum system
fsclatfon or filtration requirements are met for each accident sftuation for the
required time spans. For each case the desfgn 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 {s 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 Criterfon 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 Radfocactive-
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.

Rev. 1

10 CFR Part 50, Appendix A, Genera1¥Design Criterion 2, "Design Bases for Protec-
tion Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharfng of Structures,
Systems, and Components."

Regulatory Guide 1.26, "Quality Group Classifications and Standards for Water-,
Steam-, and Radiocactive-Waste-Containing Components of Nuclear Power Plants."

Regulatory Guide 1,29, "Sefsmic Design Classification.”
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Regulatory Guide 1.117, “Tornado Design Classification.”

Branch Technical Position ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"
attached to SRP Sectfon 9.5.1.

Branch Technical Positions ASB 3-1, "Protectisn 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 9.4.5 ENGINEERED SAFETY FEATURE VENTILATION SYSTEM
REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (AS8)

Secondary - Instrumentation and Control Systems Branch (ICSB)
Machanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
Structural Engineering Branch (SEB)
Power Systems Branch (PSB)
1. 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 ASB 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 5. 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 safeﬁy-related equipment. These include the
service water pump house, diesel generator area, emergency core cooling system (ECCS)
pump rooms, component cooling water pump room, auxiljary feedwater pump area, and other
ereas containing equipment essential for the safe shutdown of the reactor or necessary
to prevent or mitigate the consvquences of an accident.

1.  The ASB 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 tu postulated acci-
dents, including the loss of offsite power. The AS8 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.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidence of the Otfice of N R L1 lon statt ible for the review of appHications te construct and
operste nucissr power plants. These & ors made bie to the public as m of the Commission’s pelicy 18 inferm the nucisar industry and the
geners public of reg d and policles. Stondard raview plans sre not mumnu for regulatery guides ¢ the Commission®s reguietions and
Mpﬁw«mnmhmuwm The mtandard review plan sactions are keyed to Revision 2 of the Standard Farmet end C. of Safety Anslysis Reporty
for Nuclenr Power Plants. Not all sections of the S:andard Fermet have s corresponding review plan.

Published standard review plans witt be revised pericdically, es eppropri te ¢ and to reflect new information and enperience.

nd ions for bmp will be ond should be sent te the U.S. Nuciear Kagviatery Commission, Office of Nuclesr Reacter
Raeguletion, WuMumn 0.C. 30858,
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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.

c. Fallures of non-seismic Category I equipment or components will not result in
damage to essential portions of the ESFVS,

The ASE also reviews safety-related portions of the ESFVS with respect to the
follow'ng:

a. The ability of the heating and cooling systems tc 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 {n 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 gnticipated 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, or' to actuate standby components (redundant
equipment) in the event of a failure or malfunction, as needed.

f. Yo determine that the quality group and seismic design requirements are met
for the system.

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).

The Effluent Treatment Systems Branch (ETSB) evaluates the effectiveness of the
ESFVS 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 contaminatfon from the system,
as described in SRP Sectfon 11.5. '

i
The Radiclogical Assessment Branch (RAB) reviews and evaluates the radiation
protection criteria of the ESFVS, as described in SRP Section 12.3.

9.4.5-2




6. The applicant's proposed technical specifications ire reviewed for operating
1icense applications as they relate to areas covered in this SRP section.

o 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 abflity 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 missfles. The MEB 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 fnservice 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 PSB
determine the adequacy of the desfgn, fnstallation, inspection, and testing of all
electrical components (sensing, contro) and power) required for proper operatfon.

I1. ACCEPTANCE CRITERIA
Acceptability of the ESFVS design, as described in the applicant's Safety Analysis
Report {SAR), is based on specific general design criterfa and regulatory guides.

The design of safety-related portions of the ESFVS {s acceptable if the integrated

design of the systems is in accordance with the following criteria:

system itself being capable of withstanding the effects of natural phenomena such
as earthquakes, tornadoes, hurricanes, and floods.

‘ 1.  General Design Criterion 2, as related to structures housing the system and the

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 system
components.

5.  Regulatory Guide 1.29, as related to the seismic design classification of system
components.

6.  Regulatory Guide 1.117, as related to the protecticn of structures, systems and
components important to safety from the effects of torpade 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 Pasitions ASB 3-1 and MEE 3-1, as related to breaks in high and e
moderate energy piping systems outside containment.

For those areas of review identified in subsection I of this SRP section as befng the
responsibility of other branches, the acceptance criteria and their methods of applica-
tion are contained in the SRP sections corresponding to those branches.

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
praliminary safety analysis report meet the acceptance criteria given in subsection II. |
fo.. the review of operating license (OL) applications, the procedures are utflfzed 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 technica)l
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
fnput for the areas of review stated in subsection 1. 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 varfations 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 l
reviewer will select and emphasize material from this SRP section as may be appropriate

for & 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 faflure 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&I0s, layout drawings, and component descriptions and characteristics
are then reviewed to determine that: '

a. Essentia) portions of the ESFVS are correctly fdentified and are fsolable
from non-essential portions of the system. The P&IDs are reviewed to verify
that they clearly fndicate the physical divisfons between such portions and
indicate design classification changes. System drawings are also reviewed to
see that they show the means for accomplishing fsclation, 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-essentfal 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 descripticns 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 fnservice inspection
and functional testing of system components important to safety. It is
acceptable {f the SAR information delineates a testing and inspection program
and 1f the system drawings show the necessary test recirculaticn loops around
fans or isclation dampers that would be required by this program.

The reviewer verifies that the system has been designed sc 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 moces 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 desfgn classificatfons 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 missfles.
Flood protection and missile protection criteria are discussed and evaluated
in detail under Section 3 series of the SRP. The location and the desfign 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 1s located in a seiéﬁic Category I structure that {s
tornado missile and flood protected, or that components of the system will be
Jocated in individual cubicles or rooms that will withstand the effects of
both flooding and missiles is acceptable. '

The total system has the capabilfity to detect and control leakage of airborne
contamination from the system. It s 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 cperations.

(2) The capability for isolating nonessential portions of the ESFVS by.twa
automatically actuated isolation dampers in series is shown on the
PLIDs.

(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.

The essentfal 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 ESFVS 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 {nformation are given in SRP

Section 3.6.

Essentfal 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 supplfes the system. The SAR {s 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 fn the SAR and results of
failure modes and effects analyses are considered fn verifying that the
system meets these requirements. This will be an acceptable verification of
system functional reliability.

The descriptive information, P&LIDs, ESFVS drawings, and failure modes and effects
analyses in the SAR are reviewed to assure that essentfal portions of the system
can function following des®gn dasis 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 availabiiiiy of these components on
system drawings, and checks that the SAR contains verification that minimum system

o {solatfon or filtration requirements are met for each accident situation for the
required time spans. For each case the design will be acceptadble if minimum
system requirements are met.

IV. EVALUATION FINJINGS ‘
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 cf 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 faflure 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
{s in conformance with the Commission's regulatfons as set forth in General Desfign
Criterion 2, "Design Bases for Protection Against Natural Phenomena," Genera)
Design Criterion 4, “"Environmental and Missile Design Bases," General Design

0 Criterion S, "Sharing of Structures, Systems and Components," and meets the guide-
1ines contained in Regulatory Guide 1.26, "Quality Group Classifications and
Standards for Water-, Steam-, and Radioactive-Waste-Containing Components of
Nuclear Power Plants," Regulatory Guice 1.29, "Sefsmfc Design Classification,”
Regulatory Guide 1.117, "Toraado Design Classification,” Branch Technical Position
ASB 9.5-1, "Fire Protection for Nuclear Power Plants," dnd Branch Technical
Positfons ASB 3-1 and MEB 3-)1 and is, therefore, acceptable.

V.  REFERENCES
1. 10 CFR Part 50, Appendix A, Genera} Design Criterion 2, "Design Bases for Protec-
tfon Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, £~ - -~ Design Criterion 4, "Environmental and Missile
Design Bases.”

3. 10 CFR Part 50, Appendix A, General Design Criterfon 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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Regulatory Guide 1.29, "Seismic Desfgn Classification.”
Regulatory Guide 1.117, "Tornado Design Classification.”

Branch Technical Positfon ASB 9.5-1, "Fire Protection for Nuclear Power Plants,"
attached to SRP Section S.5.1.

Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Faflures
in Fluid Systems Qutside Containment,” attached to SRP Section 3.6.1, and MEB 3-1,

“postulated Break and Leakage Locations in Fluid System Piping Outside Contafnment,"
attached to SRP Section 3.6.2.
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SECTION 9.5.1 FIRE PROTECTION PROGRAM

REVIEW RESPOMSIBILITIES

Primary =~ Auxilfary Systems Branch (AS8)

Secondary - Structural Engineering Branch (SEB)

Mechanical Engineering Branch (MEB)
Instrumentation and Control Systems Branch (I1CS8)
Power Systems Branch (PSB)

AREAS OF REVIEW
The purpose of the fire protection program (FPP) is to provide assurance, through a

defense-in-depth design, that & fire will not prevent the performance of necessary
safe plant shutdown functfons 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, administrative 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
2 review of the description of the fire protection system desfign showing the system
characteristics and layout which define the "five prevantion” and "fire protection”
poertions of the program. i

The ASE reviews the total fire protection program described {n the applicant's Safety
Analysis Report (SAR) with respect to the criteria of Branch Technical) Pesition
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 wf management; fire protection administrative controls
and quality assurance program; fire drigade training activities and coordination
with offsite fire fighting organizations, fncluding thefr capability in assisting
i{n the extinguishment of plant fires.

2. Evaluation of potentfal 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 radicactive releases to the environment.

UENRC STANDARD REVIEW PLAN

Stendard review pi e sre prepered for the guidance of the Otfice st Nuctesr R, L1 lon steff ibie for tha review of spplications 1o sonstruct and
mrn- L m plants. m« lmn ars nuo aveilstie te ths public os 'm of the Commission’s policy to Inform the nucles? industry and the
T t public of reg Y P and p dard review plans sre Aot substitutes for regulstory guides o¢ the Cammissions mulmom and
sempliancs with tham s pet trod. The stand: 4 reviow plan tans are heyed to Rovision 2 of the Standard Farmet and © ot Sataty Anatyst
foe Nucloar Pawer Plants. Net ol sections of the Btandard Fermat have 8 eerrespending review plen,

Published stenderd review plans witt Be teviced pariedically, as approprl [ and %o rsflact now Int: ton snd ot

P

[ tor K witl be idered and sheuld ba ssnt 10 the U.8. Nuctssr Kegulatory Commission, Otfice of Nuciesr Reactor
Ragulation, Wuhlnﬂn.b c.m

NUREG-75/087

Rev. 2




3. Plant layout, egress routes, facility arrangements, and structural design features
which control separation or isolatfon of redundant safety systems and selectfon
of the methods for fire detection, control and extinguishing; control of fire 4
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, suppressfon, contrcl, 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 {nstrumentatfon dfagrams (P&IDs); including
redundancy of equipment; the FPP design criterfa and failure modes and effects
analysis (impairment).

6. On multiple unit applications, the additiona) fire protection and control provi-
sfons during construction of the remaining 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 e organfzational 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. O

9. Operating License Branch (OLB) will evaluate the fire protection brigade trafning
programs under SRP sectfon 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 1icense stage (FSAR).

Secondary reviews are performed by other branches and the results are used by ASB to
complete the cverall evaluation of the fire protection program.

ICSE and PSB will review the electric power, and instrumentation and control features of the'
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 faflure 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 IE equipment exposure to fire fighting medfum

as well as fire effects. SEB will, upon request, verify the acceptability of the design |
analyses, procedures and criteria used for sefsmic 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, review that portion of the hose standpipe system
which should remajin functional following a postulated SSE. and confirm that system
components, piping and structures are designed in accordance with applicable seismic
design criteria.

ACCEPTANCE CRITERIA
The applicant's fire protection program is acceptable if it {s 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.

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 thc 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 tc determine that the proposed fire
protection program §s able to maintain the abiljty to perform safe shutdown
functions and to minimize radiocactive releases to the environment.

3. ASB reviews the FPP P&IDs and plant layout drawingé 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 &nd flame control are in accord with the BTP gufdelines
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 2 single failure.

5. For muItiple unit sites, ASB determines that protection is provided to operatfng
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, fncluding division of responsibility on fire protection matters.

6. ASB 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.

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 s the design and location of safety-related structures
and systems to ainimize the probability and effect of fires and explosions; use of
noncombustible and heat resistant materials whenever practical; and provisfon 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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A. INTRODUCTION

General Desfgn Criterion 3, "Fire Protection," of Appendix A, "General Design Criterfa
for Nuclear Power Plants,” to 10 CFR Part 50, "Licensing of Productfon and Utilfzation
Facilities," requires that structures, systems and components {mportant to safety be
designed and located to minimize, consistent with other safety requirements, the probabfl-
fty and effect of fires and explosions. Noncombustible and heat-res{stant materials are
required to be used wherever practical throughout the unit, particularly in locaticns 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
ninimfze the adverse effect of fires on structures, systems and components fmportant to
safety and that firefighting systems be designed to ensure that their failure, rupture or
inadvertent operation does not significantly impafr the safety capabilfity of these struc-
tures, systems and components. :

This Branch Technical Position (BTP) presents guidelines acceptable to the MNRC staff
for implementing this criterion in the development of a fire protection program for nuclear
power plants. The purpose of the fire protectfon program is to ensure the capabflity to
shut down the reactor and maintafn it in a safe shutdown conditfon 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 fts assocfated 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 Criterfon 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 1ife 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. OISCUSSION

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, cne may fnfer 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 fts cperating 1ife. Although '
WASH-1400, "Reactor Safety Study. - An Assessment of Accident Risks in U.S. Commercial
Nuclear Power Plants,” dated October 1975, conclqded that the Browns Ferry fire did not
affect the validity of the overall risk assessment, the staff concluded that cost-effective

v
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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 Editfon, 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. The Nuclear Energy Liability and Property Insurance Association (NELPIA) and the
Mutual Atomic Ltnergy Reinsurance Pool (MAERP) have prepared & document entitled “Specifica-
tions for Fire Protection of New Plants,” which gives general conditions and valuable
criterfa. A special review group organized by NRC under Or. 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 8rowns Ferry Fire,” in February 1976, which
contains recommendations apulicable to all nuclear power plants. This BTP 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 feaihres. personnel, eguipment 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 {s 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 responiible for engineering
and design of fire protection systems that provide fire detection, annuncfation, 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 manua) 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 {nvestigations
warrant emphasis and are discussed below.

1. 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. Detectiry fires quickly, suppressing those fires that occur, putting them out
quickly, and 1imizing 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 consfderable 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 ftself. 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-
{ty 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 personne) 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 abjlity to safely shut down the plant and -
minimize radicactive 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 fs needed to fdentify 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 §s vital to reactor safety, fire and
water damage to safety systems is reduced by the more efficient applicatfon 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 highiconcentration of electric zables 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-
pility of fire-related damage to redundant safety-related equipment. Fire areas should be
established to separate redundant safety divisfons and fsolate 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.. ment and the control room, it is necessary
to employ other measures to prevent a fire from causing the loss of function of safety-
related systenms.

within fire areas containing components of a safety-related system, special attention
should be given te 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 Vimiting the amount of combustible materfals, fnstalling 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 cf the ventilation systems can Yimit 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 fsolating a given fire area. The
capability to ventilate, exhaust or isolate is particularly important to ensure the habit-
abjlity 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 applicatfon by a natfonally
recognized testing laboratory.

Automatic - self-acting, operating by fts own mechanism when actuated by some imper-
sonal influence such as a change in current, pressure, temperature or mechanical
configuraticn.

Conbustible Material - material that does not meet the definftion of noncombusiible.

Control Room Complex ~ the zone served by the control room emergency ventilation
system {see SRP Section 6.4, "Habitabil{ity Systems").

Fire Area - that portion of a building or plant that is sepzrated from other areas by
boundary fire barriers. ‘

Fire Barrier - those components of construction (walls, flcors and their supports),

including beams, joists, columns, penetration seals or closures, fire doors and fire
dampers that are rated by approving laboratories §n 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 combustfbles within a given fire
area or fire zone.

Fire Brigade ~ the team of plant personnel assigned to firefighting and who are equipped
for and trained in the fighting of fires.

Fire Detectors - & device designed to automatically detect the presence of fire and
initfate an alarm system and other appropriate action (see NFPA 72E, "Automatic Fire
Detectors"). Some typical fire detectors are classified as follows:

Heat Detector - & 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, ultraviclet or visible
radfatfon produced by a fire.

Line-Type Detector - a device in which detection ts 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 fncludes
system and facility design, fire prevention, fire detection, annunciation, 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 & standard fire exposure before the first critical point {n
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 €-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 Yicensee 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 ehcloses pricary éontainment. 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
{ts spread. The system, usually activated by heat, includes & controlling valve and 2
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 Installaticn of
Sprinkler Systems":

Wet-Pipe System

Dry-Pipe System

Preaction System

Deluge System

Combined Dry-Pipe and Preaction System
On-0ff 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. o

Water Spray System - a network of piping similar to 2 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 Protecticn 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 experfence in fire protection and personnel prepared by training and experfence 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 protecticon program requirements, including considera-
tien of potentia) hazards associated with postulated fires, with building layout and systems
design.

(2) Design and maintenance of fire detectfon, suppression and extinguishing
systems.

{3) Fire prevention activities.

(4) Training and manual firefighting activities of plant personnel and the fire
brigade.

(5) 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 €, "Recommendations for Organization of Industrial Fire Loss Prevention,"
contains useful guidance for the organizatfon 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 potentia)
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 ignitfon source s 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 detafled fire hazard analysis should be made during inftial 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.

9.5.1-17 Rev. 1




(2) The fire hazard analysis should be a systematic study of (a) all elements of
the fire protectfon program befng proposed to ensure that the plant design has {ncluded
adequate fdentification and evaluation of potential fire hazards, and (b) the effect of
postulated fires relative to maintaining the ability to perform safe shutdown functions and
minimizing radicactive releases to the environment.

(3) Experienced judgment §s necessary to {dentify 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 initiatfon, 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 {dentify 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 BTP 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 positfon and should present alternatives for staff review. Justifica-

Q 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

{1) 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, {ts 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
e 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,
jce 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 fncluded 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. Simultaneocus 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 tires need not be postulated to occur
simultaneously in more than one reactor unit. The effects of fires involving facilitfes
shared between unfts and fires due to man-created site-related events that have a reason-
able probability of occurring and affecting more than one reactor unit (suck/' a4 an aircraft
crash) should be considered.

e. lmplementation of Fire Protection Programs

(1) The fire protection program (plans, personnel and equipment) for buildings
storing new reactor fuel and for adjacent fire areas that could affect the fue! 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 fer 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 Proveution

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 adfacent 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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¢. Normal and abnormal conditions or other anticipated operations such as modifica-
tions (e.g., breaching fire barriers or fire stops, fmpairmeht'df fire detection and suppres-
sion systems) and transient fire load conditions such as those assocfated 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) Wwork 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 technigues 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. Open 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 suftatle 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 funictions. The guidance in Regulatery Guide 1,101, “Emergency Planning
for Nuclear Power Plants,” should be followed as applicable.

(1) Successful firefighting requires testing and maintenance of the fire protec-
tfon equipment and the emergency 1{ghting and communication, as well as practice as brigades
for the pecple who must utilize the equipment. A test plan that 1ists the individuals and
thefr responsibilities in connection with routine tests and inspections of the fire detec-
tion and protection systems should be developed. The test plan should contain the types,
frequency and detailed procedures for testing. Procedures should also contain fustructions
on maintaining fire protection during those perfcds when the fire protection system {s
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, {t must operate as a tean. All members
nust know what thefr individual duties are. They must be familfar 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) soc that a)) 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 sbjectives 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 operaticn, 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 responsibflities and duties are
delfneated 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 precautfons 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-
clated with & nuclear power plant site.

(4) NFPA 27, "Private Fire Brigade," should be followed in organization, training
and fire drills, This standard also fs applicable for the tnspection and maintenance of
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firefighting equipment. Among the standards referenced in this document, NFPA 197, "Train-
ing Standard on Inftial Fire Attacks," should be utflized as epplicable. NFPA booklets and
pamphlets 1isted §n NFPA 27 may be used as applicable for trainihg references. In addition,
courses in fire prevention and fire suppression that are recognized or sponsored by the
fire protection industry shuuld be utflized.

3. Quality Assurance Program

The qualfty assurance {QA) programs of applicants and contractors should ensure that
the guidelines for design, procurenent, 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 contrel of the QA organfzation. This control con-
sists of (1) formulating a fire protection QA program that incorporates suitable require-
ments and fs acceptable to the management responsible for fire protection or verifying that
the program incorporates suitable requirements and is acceptable to the management responsi-
ble for fire protection, and (2) verifying the effectiveness of the QA program for fire
protection through reviaw, 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 eriteria listed below.

a. Design and Procurement Oocument 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 fnstructfons, proce-
dures or drawings and should be accomplished in accordance with these documents.

¢. Control of Purchased Material, Equipment and Services

Measures should be established to ensure that purchased materjal, 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 installaticn drawings and test procedures for accomplish-
ing the activities.
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e. TYest and Test Control

A test program should be established and implemented to ensure that testing is @
perforned and verified by inspection and audit to demonstrate conformance with design and
system readiness requirements. The tests should be performed in accordance 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 fdentiffcation of ftems that
have satisfactorily passed required tests and inspections.

g. Nonconforming Items

Mzasures should be established to control ftems that do not conform to specified
requfrements to prevent i{nadvertent use or instaltation.

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 materfal and nonconformances, are promptly identified, reported,
and corrected.

i.  Records

Records should be prepared and mafntained to furnish evidence that the criterfa
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. Gerzecal Plant Guidelines

a. Buflding Design

(1) Fire barriers with a minfmum fire resistance rating of three hours should be
used, except as noted in other paragraphs, to:
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(2) 1solate 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 Criterfon 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 materfals, 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/ib or less when tested under
ASTM D-3286 or NFPA 259.!

Materials that are acceptable for use as fnterior finish without evidence of
test and 1isting 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

1The concept of using a potential heat release limit of 3500 Btu/1b is similar to the
"1imited combustible” concept with its 1{ke limit, as set torth in NFPA 220.




. Glass, glass blocks
. Brick, stone, concrete blocks, plain or painted

Steel and aluminuﬁ panels, plain, painted, or
enameled

Vinyl tile, vinyl-asbestos tile, Yinoleum, or asphalt tile on concrete
floors.

(5) Metal deck roof construction should be noncombustible, listed as “acceptable
for fire" in the UL Building Materials Directory, or listed as Class I in the Factory
Mutual System Approval Guide.

(6) Suspended ceflings and thefr 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) Bufldings containing safety-related systems should be protected from exposure
or spill fires fnvolving outdoor ofl-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-
sfon systems are installed. Floor drains should also be provided in other areas where hand
hose lines may be used 1f .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 gontaining combustible 1iquids 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 radiocactivity should be collected, iampled and analyzed before
discharge to the environment.

(10) Floors, walls and ceilings separating fire areas should have a minfmum 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 ftself. Door openings should be protected with equivalently rated doors, frames
and hardware that have been tested and approved by a natfonally recognized laboratory.

Such doors should be normally closed and delay-alarmed with alarm and annuncfation 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 afr 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 materfal, automatic fire suppression should be provided to 1imit 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 materfals should not be used
for other applications unless suitable noncombustible materials are not available.
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(4) Storage and usage.of flammable Yiquids should, &s 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 czble trays. Only metallic tubing should be
used for conduit. Thin-wall metallic tubing should-:not be used. Flexible metailic tubing
should only be used in short lengths to connect to equipment. Other raceway¥" 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 fn 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 statfons 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 §s 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 fire 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. Manval hose standpipe systems may be
relied upon to orovide the primary fire suppression (in 1ieu of automatic water suppression-
systems) for safety-related cable trays of a single division that are separated from redun-
dant safety divisions by 2 fire barrier with a minimum rating of three hours and are normally
accessible for manual firefighting if a1l of the fellowing conditions are met: |

(2) The number of equivalent? standard 24-inch-wide cable trays (both
safety-related and nonsafety-related) in a given fire area s 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 1ine-type heat detectors are provided in the cable trays.

“Trays exceeding 24 inches should be counted as two trays; trays exceeding 48 fnches 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-
tfonal spray nozzles arranged so that adequate water coverage fs 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 1t 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 barrfiers, 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 suppressfon 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 barrfer 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 efither 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 isolatfon or pressure differentials
should be qualified by test to maintain the barrier fntegrity under the conditions specified
above.

(4) Fire stops should be installed every 20 feet along horfzontal 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 {f 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 preopagation of a fire for

“Penetration qualification test criterfa are under development. Guidance is currently
available §n 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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2 ninimum perfod of thirty minutes when tested for the largest number of cable routings and
maximum cable densfity.

{(5) Electric cable constructions should, as a minimum, pass the flame test in
the current I1EEE Std 383. (This does not imply that cables passing this test will not
require fire protection.)

{6) Cadle 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 systenms,

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 inftfal stages of plant design. Considera-
tion should be given to the installation of automatic suppression systems as a means of
1imiting smoke and end heat generation. Smoke and corrosive gases should generally be
discharged directly outside to an 2rea that will not affect safety-related plant areas.

The normal plant ventilation system may be used for this purpose {f capable and avaflable.
To facilitate manual firefighting, separate smoke and heat vents should be provided in
specific areas such as cable spreading rooms, diesel fuel ofl 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 materfals to the environ-
ment should be monftored 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 radicactive smoke or gases should be evaluated to
ensure that {nadvertent operatfon or single fafilures will not violate the radiologically
controlled areas of the plant design. This requirement fncludes 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) Engincered safety feature filters should be protected in accordance with the
guidelines of Regulatory Guide 1.52. Any‘filter7that includes combustible materials and is
a potentfal exposure fire hazard that may affect safety-related components should be pro-
tected as determined by the fire hazard analysis.

. (5) The fresn afr supply intakes to areas containing safety-related equipment or
systems should be located remote from the exhaust air cutlets and smoke vents of other fire
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areas to minimize the possibility of contaminating the inlake afr with the products of
combustion.

o (6) Stairwells should be designed to minimize smoke inffltration during a fire.

(7) Self-contained breathing apparatus using full-face positive-pressure masks
approved by NIOSH (Nationa) Institute for Occupational Safety and Health--approQal 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 afr by a mani-
fold system piped from a storage reservoir {f practical. Service or rated operating life
should be a minimum of one-half hour for the self-contained uniis,

i
At least two extra air bottles should be located on sfite 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. Specfal 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. Lighting and Communication

N

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 1ighting consisting of fluorescent or sealed-beam units
with fndividua) eight-hour minimum battery power supplies should be provided in areas that
nust 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 fndependent of the normal plant communication
system should be installed at preselected statfons.
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(4) A portadble radio communications system should be provided for use by the
fire brigade and other cperations 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 radic communication units
should be protected from exposure fire damage. Preoperational and pericdic testing should
demonstrate that the frequencies used for portable radio communication will not affect the
actuation of protective relays.

§. Fire Detection and Suppression

a. Fire Detection

(1) Area fire detectfon systems should be provided for all areas that contain,
or present potentfal 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
1ine-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 2oned detection systems are used in a given fire area, local
means should be provided to fdentify which detector 2one 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 provisfons of Section 2220 of
NFPA 72D. This can be accomplished by:

(2) Using normal offsite power as the primary supply with & four-hour
battery supply as secondary supply; and

(b) Having capability for manual connectfon to the Class 1E 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.
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b. Fire Protection Water qup1y Systems

(1) An underground yard fire main loop should be fnstalled to furnish antici-
pated water requirements. NFPA 24, "Standard for Outside Pr:lection,” gives necessary
guidance for such installatfon. It references other design codes and standards developed
by such orgar.fzations as the American National Standards Institute (ANSI) and the Amerfcan
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 that 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 Positioh C.5.c.(4).

(2) A common yard fire main loop may serve multiunit nuclear power plant sites
1f cross-connected between units. Sectional control valves should permit maintaining
independence of the individual loop around each unft. For such {nstallations, 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 50X pumps or two
100X 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 IE 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 sectionali12¢-5 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, faflure 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 frestwater supplies have been exhausted. If
tanks are used, two 100X (mfnimum of 300,000 gallcns each) system capacity tanks should be
fnstalled. They should be so interconnected that pumps can take suction from e{ther or
both. However, a leak fn one tank or its piping should be fsolable so that 1t will not
cause both tanks to drasn. Water supply capacity should be capable of refilling efther
tank in eight hours or less.

Common tanks are permitted for fire and sanitary or service water storage.
when this §s 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 NKFPA 13 or
NFPA 15. The fire water supply should be capabﬁe 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 a2 common
water supply is permitted for fire nrotection and the ultimate heat sink, the following
conditions should also Le 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 instal]ation{shoulq be sufficient to provide an effec-
tive hose stream to any onsite location where fixed or transfent combustibles could jeopard-
fze 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 auxiliary equipment recommended in NFPA 24, “Outside Protection,” should
be provided as needed, but at least every 1,000 feet. Alternatively, mobfle 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 standpfpes should have connections
to the plant underground water main so that no single active failure or crack in a moderate-
energy line can impafr both the primary and backup fire suppression systems. Alternatively,
headers fed from each end are permitted fnside buildings to supply both sprinkler and
standpipe systems, provided steel piping and fittings meeting the requirements of ANSI B3l.1,
"power Piping," are used for the headers up to and fncluding 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 suppressfon systems serving a single fire area should
have fndependent connections to the yard main systems. E€ach sprinkler and standpipe system
should be equipped with 0S&Y (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) Contrel and sectfonalizing valves in'the fire water systems should be elec-
trically supervised or administratively controlled. The electrical supervision signal
should indicate in the control room. A1l valves in the fire protection system should be
periodically checked to verify position (see KFPA 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, Yined fire hose and suitable
nozzles should be previded in all buildings on 211 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, spacing, 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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statfons should be analyzed for SSE loading and should be provided with supports to ensure
system pressure integrity. The piping and valves for the porticn of hose standpipe system
affected by this functional requirement should, as a minimum, satisfy ANSI 831.1, "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 sefsmic Category 1
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
statfon), and (b) designed to the same standards as the sefsmic Category I water system; it
should not degrade the performance of the seismic Category I water systenm.

(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. Al
hose nozzles should have shutoff capability. (Guidance on safe distances for water applica-
tfon to 1ive electrical equipment may be found in the "NFPA Fire Protection Handbook.")

(6) Certain fires, such as those involving flammable Viquids, respond well to
foam suppression. Consideration should be given to use of mechanical low-expansion foanu
systems, high-expansion foam generators, or aqﬁéous film-forming foam (AFFF) systenms,
including the AFFF deluge system. These systems should comply with the requirements of
NFPA 11, NFPA 11A and NFPA 11B as applicable.

d. Halon Suppression Systems

Halon fire extinguishing systems should, as & 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 automatfc 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 additfon to the guidelines of NFPA 12A and 128, preventive maintenance and

testing of the systems, including check-weighing of the Halen cylinders, should be done at
least quarterly. !

Particular consideration should alsc be given to:

(1) Minimum required Halon concentration, distribution, soak time, and ventila-
tion control;

(2) Toxfcity of Halon;

Rev. 1 9.5.1-36




(3) Toxicity and corrosive characteristics of the thérmal decomposition products
of Halon; and

(4) Location and selection of the activating detectors.

e. Carbon Dioxide Suppression Systems

Carbon dioxide extinguishing systems should, as & minimum, comply with the require-
ments of NFPA 12, "Carbon Ofoxide 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 COz concentration, distribution, soak time, and ventilation

control; it

{(2) Anoxfa and toxicity of COZ;
(3) Possibility of secondary thermal shock (cosling) damage;

(4) Conflicting requirements for venting during C02 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
tire 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 tor Specific Plant Areas

a. Primary and Secondary Contafinment

(1) Normal Operation - Fire protection requirements for the primary and secondary
containment areas should be provided for hazards fdentiffed by the fire hazard analysis.
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Examples of such hazards include lubricating ofl er hydraulic fluid system for the primary
coolant pumps, cable tray arrangements and cable penetrations, and charcoa) 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 activitfes in the
containment areas »hould function in conjunction with total containment requirements such
as ventflation and control of contaminated 1iquid and gaseous release.

In primary containment, fire detection systems should be provided for each
fire hazard. The type of decection used and the location of the detectors should be the
most suitable for the particular type of fire hazard fdentified by the fire hazard analysis..

A géneral area fire detection capability should be provided in the primary
containment as backup for the above-described hazard detection. To accomplish this, suft-
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
other fire hazards fdentified 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. Hanagement 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 extiﬁguishers 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 fsolatfon requirements
of General Design Criterion 56 and should be seismic Category I and Quality Group B.

Adequate self-contafined breathing apparatus should be provided near the
containment entrances for firerighting and damage control personnel. These units should be
independent of any breathing &apparatus or afr supply systems provided for general plant
activities and should be clearly marked as emergency equipment.
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b. Control Room Complex

The contro) 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 noncémbustible construction with a fire resist-
ance rating of one hour. Ventilatfon system cpenings 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 {s used for fire suppression,
these dampers should be strong enough to suppert 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, consocle, 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
rcom. A hose station should be installed immedidtely 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 éonsoles.
If redundant safe-shutdown equipment is located {n the same control room cabinet or console,
additional fire protection measures should Le provided. Alarm and local indicaticn should
be provided in the control room.

Breathing apparatus for control room operators should be readfly available.

The ocutside air intake(s) for the control room ventilation system should be
provided with smoke detectfcn capability to alarm §n 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
ventflation system s acceptable; however, provision should be made to permit isolation of
the recirculating portion of the norma) ventilation system. Manually operated venting of
the coatrol room should be avajlable to the operators.
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A1l 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 underflcor and cefiling spaces should meet the separation criteria given
in Regulatory Guide 1.75. Air-handling functions should be ducted separafely from cable
runs in such spaces; {.e., if cables are routed in underflcor or ceilingrspaces, these
spaces gshould not be used as air plenums for véntilation of the contrel room. Fully enclosed
electrical raceways in such undertloor and cefling spaces, §f over one square foot in
cross-sectional area, should have automatic fire suppressfon {nside. Area automatic fire
suppression should be provided for underfloor and ceiling spaces if used for cable runs
unless all cabie {s 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 directicnal
water spray system. Deluge and open spray systems should have provisions for manual opera-
tion at a remote statfon; however, there should be provisions to preclude fnadvertent
operation. Location of sprinkler heads or spray nozzles should consider cable tray arrange-
ments and possible transient combustibles tc ensure adequate water covarage for areas that
could present exposure hazards to the cable system. Cables should be cesigned to allow
wetting down with water supplied by the fire suppression system without electrical faulting.

Open-head deluge and open directfional spray systems should be roned.
The use of foam §s acceptable.

Automatic gas systems (Halon or coz) may be used for primary fire suppressfon 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 fnstalled 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
fnstalled, 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 should be provided for each redundant division.
Cable spreading rooms should not be shared 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 upon 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 & 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
Positfon 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 & fire exposure hazard to,
safety-related equipment.

e. Switchgear 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 shouid alarm and annunciate in the control room and
alarm locally. Cables entering the switchgear room that do not terminate or perform a
functicn 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 safety-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 rcom 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 explosfons.
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 penetrattfons and cpenings. OC
switchgear and $nverters should not be located fn these baitery rooms. Automatic fire
detection should be providea to alarm and annunciate in the control room and alarm locally.
Vent{lation systems in the battery rooms should be capable of mafntaining the hydrogen
"concentration well Lelow 2 vol-X. Loss of ventilation should be alarmed in the control

room. Standpipe and hose and portable extinguishers should be readfly available ocutside
the room,

h.  Turbine Building

A

The turbine building shonld be separated from adjacent structures contafning
safety-related equipment by a fire barrier with 2 minimum rating of three hours. Openings
and penetrations in the fire barrfer should be minimized and should not be located where
the turbine ofl 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.

§. Diesel Generater Areas

Diesel generators should be separated from each other and from other areas of the
plant by fire barriers having a minfmum fire resistance rating of three hours.
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Automatic fire suppression should be fnstalled to combat any diesel generator or
Jubricating ofl fires; such systems should be designed for cperatfon when the diesel is
running without affecting the diesel. Automatic fire detection should be provided to alarm
and annunciate in the control room and alarm locally. Hose statfons and portable extin-
guishers should be readily avaflable outside the area. Drainage for firefighting water and
rneans 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 {n 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 djesel generator room in a diked enclosure
that has sufficien§ capacity to hold 110X of the cortents of the day tank or is drained to

a safe location.

j. Diesel Fuel 0l 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, 1f located within 50 feet, they should be housed fn a separate building with
construction having a minimum fire resistance rating of three hours. Potential ofl spflls
should be confined or directed away from buildings containing safety-related equipment.
Totally buried tanks are acceér’ '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 {f required for manual firefighting operation (see Position C.4.d).

V. MNew Fuel Area

Hand portable extinguishers should be lccated 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 contro) 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 a. ta pre-
clude criticality for any water density that might occur during fire water applfcation.

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 barrfiers, automatic fire suppressfon 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 Mafntenance of Nuclear Power Quality Assurance Records").
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q. Cooling Towers

Cooling towers should te 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 noncembustible 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, auxilizry bofler rooms, fuel of!
tanks, and flammable and combustible 1iquid storage tanks should be so located and protected
that a fire or effects of a fire, including smoke, wil) not adversely affect any safety-
related systems or equipment.

7. Special Protection Guidelines

a. Storage 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 lon-Exchange Resins

Unused fon exchange resins should not be stered in areas that contain or expose
safety-related equipment.

¢. Hazardous Chemfcals

Hazardous chemicals should not be stored in areas that contain or expose safety-
related equipment.

d. Materials Containing Radioactivity

Materials that collect and contain radicactivity such as spent fon exchange
resins, charcoal filters, and HEPA filters should be stored in closed metal tanks or con-
tainers that are located in areas free from fgnition sources or combustibles. These mate-
rials should be protected from exposure to fires in adjacent areas as well. Consfderatfon

should be given to requirements for remova) of decay heat from entrained radicactive
materfatls.
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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 positien.

3. Plants for which (a) CP applications were docketed prior to, but were not §ssued a CP,
by July 1, 1976; or (b) constructicn 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 APCSE 9.5-1 dated May 1, 1976; or (c) this position.

Rev. 1 90 5. 1.4‘8

S

ETDEPPAIT SOV Y



REFERENCES

o National Fire Protection Association Codes and Standards

NFPA 4-1577, "Organization of Fire Services."

NFPA 4A-1969,

NFPA 6-1974, "Industrial Fire Loss Prevention.”

"Fire Department Organization.”

NFPA 7-1974, "Fire Emergencies Management."

NFPA 8-1974, “Effects of Fire on Operations, Management Responsiblity.”

NFPA 10-1975, "Portable Fire Extinguishers, Installatfon, Mafntenance and Use."

KFPA 11-1975,

NFPA 11A-1970,

NFPA 11B-1974, "Synthetic Foam and Combined Agent Systems.™

NFPA 12-1973,

’ NFPA 12A-1973,

NFPA 12B8-1973,

NFPA 13-1976,
NFPA 14-1974,
NFPA 15-1973,
NFPA 20-1973,
NFPA 24-1973,
NFPA 26-1958,

NFPA 27-1975,

"Foam Extinguishing Systems."

"High Expansion Foam Systems.”

“Carbon Dioxide Systems."

*Halon 1301 Systems.”

“Halon 1211 Systems."
“Sprinkler Systems."
"Standpfpe and Hose Systems.”
"Water Spray Fixed Systems."
“Centrifugal Fire Pumps."
*Outside Protection."
"Supervision of Valves."

*Private Fire Brigade.®

9.5.1-47

Rev. 1




u.s.

NFPA 30-1673, “Flammable Combustible Liquids Code."

NFPA 51B-1976 "Cutting and Welding Processes.”

NFPA €9-1973, "Explosion Prevention Systems."

NFPA 70-1975, "National Electrical Code."

NFPA 720-1975, “Proprietary Protective Signaling Systems."

NFPA 72£-1974, "Automatic Fire Detectors."

NFPA 80-1975, “"Fire Doors and Windows."

NFPA 92M-1972, "Waterproofing and Draining of Floors."

NFPA 197-1966, "Inftial Fire Attack, Training, Standard On."

NFPA 204-1955. “Smoke and Heat Venting Guide."

NFPA 220-1975, "Types of Building Construction.*

NFPA 251-1975, “Fire Tests, Building Construction and Materfals.”

NFPA 259-1976, "Test Method for Potentential Heat of Building Materials.”
NFPA 8021974, "Recommended Fire Protection Practice for Nuclear Reactors."

Nuclear Regulatory Commission Documents

NUREG-0050, "Recommendations Related to Browns Ferry Fire,” Report by Specfal Review
Group, February 1976.

WASH-1400 (NUREG-75/014), "Reactor Safety Study - An Assessment of Accident Risks in
U.S. Commercial Nuclear Power Plants," October 1975.

NUREG-75/087, "Standard Review Plan for the Review of Safety Analysfs Reports for
Nuclear Power Plants."

Section 9.5.1, "Fire Protection Program.*

Rev. 1 9.5.1-48 !




Sectfon 3.6.1, “Plant Design for Protection Against Postulated Piping Faflures in
Fluid Systems Outside Containment."

Section 6.4, "Habitabflity Systems.”
Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50,
“ticensing of Production and Utilizatfon Facilities,” General Design Criterion 3,

“Fire Protection.”

Regulatory Guide 1.6, "Independence Between Redundant Standby (Onsite) Power Sources
and Between Their Distribution Systems.™

Regulatory Guide 1,32, “Criteria for Safety-Related Electric Power Systems for Nuclear
Power Plants."

Regulatory Guide 1.39, “Housekeeping Requirements for Water-Cooled Nuclear Power
Plants.”

Regulatory Guide 1.52, "Design, Testing and Maintenance Criteria for Engineered Safety
Feature Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Power Plants."

Regulatory Guide 1.75, “Physical Independence of Electrical Systems."

Regulatory Guide 1.88, "Collection, Storage and Maintenance of Nuclear Power Plant
Qualfity Assurance Records."

Regulatory Guide 1.101, "Emergency Planning for Nuclear Power Plants.”

Other Documents

ANSI Standard 831.1-1973, "Power Piping."

ASTM D-3286, "Test for Gross Calorific Value of Solid Fuel by the Isothermal-Jacket
8omb Calorimeter (1973)."

ASTM E-84, “Surface Burning Characteristics of Building Materials (1976)."
ASTM E-119, “Fire Test of Buflding Construction and Materials (1976)."

1EEE Std 383-1974, “1EEE Standard for Type Test of Class IE Electric Cables, Field
Splices, and Connections for Nuclear Power Generating Stations,” April 15, 1974.

9.5.1-49 Rev. 1




MAERP-NELPIA, "Specifications for Fire Protection of New Plants.*

Factory Mutual System Approval Guide - Equipment, Materials, Services for Conservation
of Property.

"Internatfonal Guidelines for the Fire Protecticn of Nuclear Power Plants,” Natfonal
Nuclear Risks Insurance Pools, 2nd Report (IGL).

HFPA Fire Protectien Handbook.
Underwriters Laboratcories Rating List.

Underwriters Laboratories, "Building Materials Directory.”

= l 9. 5. 1-50
thru S,
Sol-64 o s




APPENDIX A* 'fO BRANCH TECHNICAL POSITION APCSB 9.5-1
"GUIDELINES FOR FIRE PROTECTION FOR NUCLEAR POWER PLANTS
DOCKETED PRIOR TO JULY 1, 1976" (AUGUST 23, 1976)

This Appendix A provides guidance on the prcoferred and, where applicable,

acceptable alternatives to fire protection dcsign for those nuclear power

plants for which applications for construction permits were docketed prior
to July 1, 1976,

The provisions of this appendix will appiy 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 wes.
issued prior to July 1, 1976, and operating
plants.

This appendix modifies, as deemed appropriate, the guidelines in Branch
Technical Position (BTP) APCSB 9.5-1, '"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.y., where the building and system designs are already
finalized and construction is in progress, or where the plant is in operation.
These alternative juidelines 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 iiiat 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; hewever, 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
Movember 18, 1976, as indicated by a vertical line in the margin.
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSIRUCTION AND

OPERATING PLANTS

ey

PRI SRR

. i

Pogitions

A. Overall Reguirementé of Nuclear Plant
Firc Protection Program

1.

Personnel

Responsiblity for the overall fire
protection program should be assigned
tc & 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 nuclcar 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 fur the operating plant should
be stated. Subsequently, the FSAR
gshould 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:

(2) coordination of building layout
and systems design with fire area

2/24/77 9.5.1-66

A.

Overall Requirements of Nuclear

Plant Fire Protection Program

“Positions

1.

Personnel

SAME
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APPLICATION DOCKETED BUT CONSIRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSIRUGTION AND
_OPERATING PLANTS

3.

requirements, including con-
sideration of potential hazards
assoclated with postulated
design basis fires,

(b) design and maintenance of fire
detection, suppression, and
extinguishing systems,

(¢) 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.)

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.

Backup

Total reliance should not be placed
on & single asutomatic fire suppression
system. Appropriate backup fire
suppression capability should be
provided.

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

t

2. Design Bases

SAME

3. Backup
SAME

4. Single Failure Criterion

A single failure in the fire
suppression system ghould not
impair both the primary and
backup fire suppression cap-
ability. For example, redun~
dant fire water pumps with in-
dependent power supplies and

2/24/77
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND
OPERATING PLANTS

3.

6.

2/24/77

fire protection system failures need
not be considered concurrent with
other plant accidents or the most
gevere 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 should, 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 & specific plant

site. The effects of lightning
strikes should be included in the
overall plant fire protection program.

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
normzl plant operation should meet the
guidelines specified in APCSB Branch
Technical Position 3-1, "Protection
Against Postulated Piping Failures in
Fluid Systems Outside Contaiment."

Fuel Storage Areas

The fire protection pr.gram (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.

9.5.1-68

6.

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
ghould be included in the overall
plant fire protection program.

Fire Suppression Systems

SAME

Fuel Storage Areas

Schedule for implementation of
modifications, if any, will be
established on a case-by-case
basis.
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7. Fuel Loading . 7. Fuel Loading
The fire protection program for an Schedule for implementation of
entire reactor unit should be fully modifications, if any, will be
operacional prior to initial fuel established on a case-by-case
loading in that reactor unit. basis.

8. Multiple-Reactor Sites 8. Multiple-Reactor Sites
On multiple-reactor sites where SAME

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.

@ 9. Simultaneous Fires 9. Simultaneous Fires

Simultaneous fires in more than one SAME
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 B. Administrative Procedures,
Fire Brigade Controls, and Fire Brigade
|1. Administrative procedures consistent | |1. SAME

with the need for maintaining the per-
formance 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

9.5.1-69 2/24/77
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PLANTS UNDER CONSTRUCTION AND
OPERATING PLANTS

3.

NFPA 4A ~ Organization for Fire
Department

NFPA 6 - Industrial Fire Loss
Prevention

NFPA 7 - Managemenc of Fire
Emergencies

NFPA 8 - Management Responsibility
for Effects of Fire on
Operations

NFPA 27 - Private Fire Brigades

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 malntenance periods. Regulatory
Guide 1.39, "Housekecping Require~
ments for Water-Cooled Nuclear Power
Plaants", provides guidance on house-
keeping, including the disposal

of combustible materials.

Normal and abnormal conditions or other
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
to assure adequate fire protection
and reactor safety. In particular:

(a) Work involving igmition ‘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

2/24/77 9.5.1-70
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4,

(b)

(c)

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 qualified in fire pro-
tection should directly monitor
the work and function as a fire
watch,

Leak testing, and similar pro-
cedures such as air flow deter-
muination, should use one of the
commercially available aeresol
techniques. Open flames or
combustion generated smoke should
not be permitted.

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.

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-

905-1-71
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5.

gidered in the overall fire pro-
tection program. However, the plant
should be designed to be self-suffi-
clent with respect to fire fighting
activities and rely on the public
response only for supplemental

or tackup capability.

The need for good organization,
training and equipping of fire
brigades a2t nuclear power plant sites
requires effective measures be imple-
mented to assure proper discharge of
these functions. The guldance in
Regulatoyy 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 pecple 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.

2/24/77 9.5.1-72
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(b)

| (e)

Basic training is a necessary
element Iin effective fire fighting
operation. In order for a fire
brigade to operate effectively,

it must operete 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
pernit 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.

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 and implemented
into the training of the local fire
department staff. Local fire de-
partments sh. '1d 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
uagsociated with a nuclear power
plant site.

NFPA 27, "Private Fire Brigade"
skould 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.

9.5.1-74

| (d) SAME
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Quality Assurance Program C. Quality Assurance Program
Quality assurance (QA) programs of appli- SAME

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 Brauch 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 assure
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
drawvings 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 gervices conform to the
procurement documents.

9.5. 1.-75 2/24/77
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4.

5.

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 procédures for
accomplishing the activities.

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.

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.

Non-Conforming Items

Measures should be established to
control items that do not conform to
specified requirements to prevent
inadvertent use of installation.

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 maintained
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) 1solate 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.

90 50]-77

Genergl Guidelines for Plant

Protection

1. Building Design

(1) SAME

(2) Alternatives:
(a) Redundant safety
related systems that

are subject to damage

from a single fire
hazard should be
protected by a com~
bination of fire
retardant coatings
and fire detection
and suppression
systems, or (b) a
separate gystem to
perform the safety
function should be
provided,

2/24/77
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(b)

(c)

@

(e)

2/24/77

In order to accomplish 1.(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.

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 miniuum

fire resistanes of three hours.
Cabling for redundant safety divi-
sions should be separated by
walls having three hour fire
barriers.

Interior 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).

Metal deck roof construction
should be non-combustible

(see the building matecials
directory of the Underwriters
Laboratory, Inc.) or listed as
Class I by Factor Mutual System
Approval Guide.

9-5.]‘78

(b)

(c)

(d)

(e)

SAME - Additional

fire hazards analysis
should be done after
any plant modification.

Alternative guidance
for constructed plants
is shown in Section E.3,
"Cable Spreading Room."

SAME

SAME. Where combustible
material is used in metal
deck roofing design,
acceptable alternatives
are (i) replace tom-
bustibles with non- ~
combustible materials,
(11) provide an suto-~
matic sprinkler system,
or (1i1) provide ability
to cover roof exterior
end interior with adequate
water volume and

pressure.
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APPLICATION DOCKETED BUT CONSTRUCTION
epsmrx‘ NOT RECEIVED AS OF 27/1/76

FLANTS ﬁﬁDER CONSTRUCTION AND
OPERATING PLANTS

(£)

(g)

(h)

Suspended ceilings and their
suppi.r.s should be of non-
combustible construction.
Concealed spaces should be devoid
of combustibies.

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.

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
transforners are without openings
and have a fire resistance rating
of at least three hours.

9.5.1-79

(£)

(g)

(h)

SAME, Adequate fire
detection and suppression
systems should be pro-
vided where full imple-
mentation is not
practicable.

SAME. Safety related
systems that are exposed
to flammnble oil filled
transformers should be
protected from the
effects of a fire by:
(1) replacing with
dry transformers
or transformers
that are insulated
and cooled with
non-combustible
liquid; or
(11) enclosing the
transformer with a
three-hour fire
barrier and in-
stalling automatic
water spray
protection.

Buildings containing
safety related systems,
having openings in ex-
terior walls closer than
50 feet to flammable

oil filled transformers
should be protected from
the effectes of a fire by:

(1) closing of the
opening to have
fire resistance
equal to three
hours,

(11) constructing a
three-hour fire
barrier between
the transformers
and the wall
openings; or

2/24/77

e e e e e e M
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND
OPERATING PLANTS

(1)

)

2/24/77

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 NFPA 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. Water drainage from areas
vhich may contain radioactivity
should be sampled and analyzed
before discharge to the environ-
ment. o

Floors, walls and cellings enclosin
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
rgting 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

9.5.1-80

y

(1) SAME,

)

(111) closing the
opening and pro-
viding the cap-
ability to main-
tain a water cur-
tain in case of a

fire. '

In operating :
plants or plants under i
construction, if

accumulation of water i
from the operation

of new fire suppression
systems does not create
unacceptable consequences,
drains need not be in-
stalled.

SAME. The fire hazard
in each area should be
evaluated to determine
barrier requireunents.

If barrier fire resis-
tance cannot be made
adequate, fire detection
and suppression should be
provided, such as: T

(1) water curtain
in case of fire,
(i1) flame retardant
coatings, @
(111) additional fire

barriers.
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSIRUCTION AND
| OPERATING PLANTS

2. Control of Combustibles

-or alarmed with alarm and annun-

ghould be normally closed and locked

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.'")

(a)

(v)

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 & 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 materizls

that may not be separable from the
remainder of its system are:

(1) Emergency diesel generator
fuel o0il day tanks

(2) Turbine-genrator oil and
hydraulic control fluid
systems

(3) Reactor toolant pump lube
oil system

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 outdoord
or in separate detached buildings
so that a fire or explosion will
not adversely affect any safety
related systems or equipment.

9.5.]’81

2.

Control of Combustible

(a) SAME

(b) SAME

2/24/77

RSN e e d
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PERMIT NOT RECEIVED AS OF 7/1/76 OPERATING PLANTS

(Refer to NFPA 50A, "Gaseous
Hydrogen Systems.')

Care should be taken to locate
high pressure gas storage con-
tainers with the long axis
parallel tc building walls. This
will minimi.ze the possibility

of wall peretration in the

event of a voriainer 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.")

(¢) The use of plastic materials (c) SAME
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,
then 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 t
equipment. o '

(d) Storage of flammable liquids should, (d) SAME
as a minimum, comply with the
requirements of NFPA 30, "Flammable
and Combustible Liquids Code."

2/24/77 9.5.1-82
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTIOR AND
_OPERATING PLANTS

3. Electric Cable Construction, Cable

Trays and Coble Penetrations

(a)

(b)

(c)

(d)

(e)

’4

Only non-combustible materials
should be used for cable tray
construction.

See Section E.3 for fire pro-
tection guidelines for cable
spreading rooms.

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.

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. o

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
fire in cable ventings. (Possible
cable derating owing to use of ~uch

9- 5‘]-83

3.

Electric Cable Construction,

Cable Tray~ and Cable

Penetratio. _

(a) SAME
(b) SAME
(c) SAME. VWhen 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

2/28/71

e w——c—
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTKUCTION AND
_OPERATING PLANTS

(£)

(8)

(h)

(1)

&)

2/24/77

coating materials must be con-
sidered during design.)

Electric cable constructions
should as a minimum pass the
current IEEE No. 383 flame test,
(This does not imply that cables
passing this test will not require
additdonal fire protection.)

To the extent practical, cable
construction that does not give off
corrosive gases while burning
should be used.

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. .

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.

Cables in the control room should
be kept to the minimum necessary
for operation of the controi room.
All cables entering the control
room should terminate there.
Cables should not be installed in
floor trenches or culverts in the
control room.

9.5.1-84

(£)

(g)

(k)

(1)

@

SAME. For cable in-
stallation in operating
plantes and plants under
construction that do not
meet the IEFE No. 383
flame test requirements,
all cables must be covered
with an approved flame
retardant coating and
properly derated.

Applicable to new
cable installations.

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.

SAME

SAME. Existing cabling
installed in concealed
{loor and ceiling spaces
should be protected with
an automatic total
flooding halon system.
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PLANTS UNDER CONSTRUCTION AND

o PERMIT NOT RECEIVED AS OF 7/1/76

4, Ventilation:

(a)

(b)

(c)

(d)

(e)

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 radicactive materials
should be monitored in the

fire area to determine if release
to the environment is within

the permissible, limits of the
plant Technical Specifications.

Any ventilation systexz designed to
exhaust smoke or corrosive gases
should be evaluatzd to ensure that
inadvertent operation or single
failures wild not violate the con-
trolled areas.of the plant design.
This requirement includes con-
tainment functions for protection
of the public and maintaining
habitability for operations
tersonnel,

The power supply and controls

for mechanical ventilation systems
should be run outside the fire
area served by the system.

Fire suppression systems should
be installed to protect charcoal
filters in accordance with Reg-
ulatory Guide 1.52, "Design
Testing and Maintenane Criteria
for Atmospheric Cleanup Air
Filtration."

The fresh air supply intekes to

. areas containing safety related

equipment or systems should be
located remote from the exhaust
eir outlets and smoke vents of
other fire areas to minimize

the possibility of contaminatirg
the intake air with the products
of combustion.

9.5.1-85

rOPERATING PLANTS

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

2/24/77
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS GF 7/1/76

PLANTS UNDER CONSTRUCTION AND
_OPERATING PLANTS

:
v/

(£)

(g)

(h)

2/24/77

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.

Smoke and heat: vents may be useful
in specific areas such as cable
spreading rooms and diesel fuel
oll storage areas and switch-

gear rooms, When natural-convec-
tion ventilation is used, a minimum
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. 8ee NFPA No. 204 for
additional guidance on smoke con-
trol.

Self-contained breathing appara-
tus, using full face positive
pressure masks, approved by NIOSH
(National Institute for Occupa-
tional Safety and Health - approval
formerly given by the U. 8.

Bureau of Mines) should be provided
for fire brigade, damage control
and control room personnel. Cons
trol room personnel may be fur-~
nished beeathing air by a manifold

9- 5']-86

.

(£)

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

(k)

SAME

e e st e
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PERMIT NOT RECEIVED AS OF 7/1/76 _OPERATING PLANTS

’ APPLICATION DOCKETED BUT CONSTRUCTION PLANTS UNDER CONSTRUCTION AND

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.

(1) Where total flooding gas extin- (i) SAME
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.")
S. Lighting and Communication ' 5. Lighting and Communication
Lighting and two way voice communi- SAME

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 2/24/77
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND
_OPERATING PLANTS

(b)

(e)

(d)

Suitable sealed beam battery
powered portable hand lights
should be provided for emergency
use.

Fixed emergency communication
should use voice powered head
sets at pre-selected stations.

Fixed repeaters installed to per~
mit use of portable radio communi-
cation units should be protected
from exposure fire damage.

l E. Fire Detection and "uppression

1.

2.

2/24/77

Fire

Detection

(2)

(b)

(c)

(C))

Fire

Fire detection systems should as

a minimum comply with NFPA 72D,
"standard for the Installation,
Maintenance and Use of Proprietary
Protective Signaling Systems."

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.

Fire alarms should be distinctive
and unique. They should not be
capable of being confused with
any other plant system alarms.

Fire detection and actuation
systems should be connected to
the plant emergency power supply.

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 guldance for such instalia-
tion. It references other design

9.5.1-88

lE.

Fire Detection and Suppression

1.

2.

Fire Detection

SAME.. Deviations from the
requirements of NFPA 72D should
be identified and justified.

Fire Protection Water Supply
Systems

(a) SAME. Visible location
marking signs for under-
ground valves is accep-
table. Alternative
valve position indicators
should also.be provided.
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APPLICATION DOCKETED BUT CONSTRUCTION
PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND
OPERATING PLANTS

(b)

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
isolate portions of the main for
maintenance or repair without
shutting off the entire system.

The fire main system piﬁiﬁg should
be separate from service or
sanitary water system piping.

A common yard fire main loop may
serve multi-unit nuclear power
plant sites, if cross-connected
between units. Secti.nai 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

eized for the largest single
expected flow. For multiple
reactor gites with widely separ-
ated plants (approaching 1 mile or
more), separate yard fire main
loops ehould be used.

9.5.1-89

(b)

For operating plants,
fire main system piping
that can be isolated
from service or sanitary
water system piping is
acceptable,

SAME. Sectionalized
systems are acceptable.

2/24/77



25

APPLICATION DOCKETED BUT CONSTRUCTION
- PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND ‘
 OPERATING PLANTS ‘_

(c)

(d)

2/24/77

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 50X pumps or two 100%
pumps). The connection. to the
yard fire main loop frca 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 Pviups.”

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
pilping should not cause both

9.5.1-80

(c) SAME

(d) SAME
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PLANTS UNDER CONSTRUCTION AND
'OPBRATING PLANTS

(e)

(£)

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.,

The fire water supply (total
capacity and flow rate) should be
calculated on the basis of the
largest expected flow rate for &
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.

Lakes or fresh water ponds of
sufficient size may quali.y sas
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:

 9.5.1-9)

(e) SAME

(f) SAME

2/24/77
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(g)

(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
degrede the function of
the ultimate heat sink.

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

sttems

(2)

2/24/77

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 ere 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

90 50]-92

(g) SAME

3. Water Sprinklers and Hose
Standpipe Systems

{(a) SAME
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OPERATING ?LANTS

|- ©

(®)

(c)

(CY)

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 ix wetted by
sprinkler water discharge should
be protcceed by water shields
or baffles.

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 locationg
in the plant (See NFPA 26,
"Supervision of Valves."™)

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."

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-%-inch

Q,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

| 2/24/717

e e et A A
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PLANTS UNDER CONSTRUCTION AND
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2/24177

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-%-inch
diameter for single hose con-
nections. These systems should
follow the requirements of NFPA
14, "Standpipe and Hose Systems"
tor sizing, spacing and pipe
support requirements.

Hose stations should be located
outside entrances to normally
unoccupied areas and inside
normally occupied aress. Strnd-
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 oe¢ 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

905.]794

equipped with a maximum
of 75 feet of 1-% 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 more than
100-foot intervals.
Individual standpipes
should be of at least
4-inch diameter for
multiple hose connections
and 2-%-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.
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(e)

(£)

for the portion of hose standpipe
system affected by this functional
requirement should at least sat-
isfy ANSI Standard B3l.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 normal
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.

The proper type of hose nozzle:; to
be supplied to each area shoulc
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.

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).

9.5.1-95

(e) SAME

(f) SAME

2/24/77
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4.

2/24/77

Halon Suppression Systems

The use of Halon fire extinguishing
agents should as a minimum comply

with the requirements of NFPA 12A

and 12B, “Halogenated Fire Extinguishing
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.

Carbon Dioxide Suppression Systems

The use of carbon dioxide extin-
guishing systems should as a minimum
comply with the requirements of
NFPA 12, "Carbon Dioxide Extin-
guishing Systems." .
Particular consideration should also b
be given to:

concentration

(a) minimum required co,

and soak time;

(b) toxicity of 002;

{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;

9.5.1-96

4. Halon Suppression.Systems

SAME

S. Carbon Dioxide Suppression

Systems
SAME
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6.

(e) design requirements from over-
pressurization; and

(f) possibility and probability

of CO, systems being out-of-

senvige.because of personnel

safety consideration. CO, sys-

tems are disarmed wheneve% peéple

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.

Portable Extinguishers

Fire extinguishers should be pro-

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

1.

Primary and Secondary Containment

(2)

Normal Operation

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

6. Portable Extinguishers

SAME

| F. Guidelines for Specific Plant Areas

1. Primary and Seéondqu
Containment

(a2) SAME except as noted.

2/24/77
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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 ®tontainment
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 accotiplish this, suitable
smoke detection (e.g., visual
obscuration, light scattering

and particle counting) should

be installed in the air
recirculation system ghead of

any filters,

9.5.1-98

OPERATING PLANTS e

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

N s s oo ittt
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(b)

Automatic fire suppression cap-
ability need not be provided in
the primary containment atmos-
pheres that are inerted during
normal operation. However,
speclal fire protection require-
ments during refueling and main-
tenance operations should be
satisifed as provided below.

Refueling and Maintenance

Refueling and maintenance opera-
tions in containment may intro-
duce additfonal 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
protec*jon 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
contrcl 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 1if it
is impractical to in-
stall standpipes with
hose stations.

2/24/771 -
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2. Control Room

The contrel 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.

Contrcl room cabinets and consoles
are subject to damage from two distinct

fire

(a)

(b)

hazards:

Fire originating within a
cabinet or console; and

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
plping 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,

2/24/77

9.5.1-100

2. Control Room

SAME

Hose stations adjacent to

the control room with portabl
extinguishers in the control
room are acceptable.

OW
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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 annuncilated 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 contrel 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.

9.5.1-301

_OPERATING PLANTS

Manually operated ventilation
systems are acceptable.

Uf such concealed spaces are
used, however, they should
have fixed automatic total
flooding halon protection.

Not applicable.

2/24/77
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3.

2/24/77

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 & 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 wetring 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 1is of a type capable of
being delivered by a sprinkler or deluge
system, such as an Aqueous Filn 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

(k) Aisle separation provided
between tray stacks should

be at least three feet wide and
eight feet high.

9.5.1-102

3. Cable Spreading Room

(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 systenm,
such as an Aqueous
Film Forming Foam
(AFFF).

@
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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 tiie
access requirements stated above

are met.

Electric cable construction should,

as a minimum, pass the flame test in
IEEE Std 383, "1EEE Standard for

Type Test of Class 1lE 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 coz) may be’

2/24/177




39

Y

APPLICATION DOCKETED BUT CONSTRUCTION ' PLANTS UNDER CONSTRUCTION AND 0} :
PERMIT NOT RECEIVED AS OF 7/1/76 OPERATING 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(l),
(2), (4), and (5) above,
an auxiliary shutdown
system with all cabling
independent of the cable
spreading room should be
provided.

For uultiple-reactor unit sites,
cable spreading rooms should not be
shared between reactors. Each cable
spreading room of each unit should
have divisional cable sepration as
stated above and be separated from
the other and the rest of the plant
by a wall with & 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 fice 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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5.

6.

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.

Y

Switchgear Rooms

Switchgear rooms should be
sepavated 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 stations and portable
extinguishers should be readily
available.

Acceptable protection for cables
that pass through the switchgear
room 1s 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.

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 linited

to those required for operatiom.
Portable cxtinguishers and manual
hose stations should be provided.

9.5.1-105

5.

6.

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 sghould alarm and
annunciate in the control room
and alarm locally. Fire hose
stations and portable ex-
tinguishers should be readily
available. :

Acceptable protection for
cagbles 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.

Remote Safety Related Panels

SAME

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 rating 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 concentratlion well below
2 vol. %Z 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 fire 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 0il
Storage 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 tvhe turbine

oil system

2/24177 9.5.1-106

7. Station Battery Rooms

SAME

8. Turbine Lubrication and Control
011 Storage and Use Aresas

SAME. When a blank wall is

not present, open head deluge
protection should be provided

for the turbine oil hezards

and automatic open head water
curtain protection should be
provided for wall openings. %

et
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9.

10.

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.

Dey 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.

The enclosure should be
protected by automatic fire
suppression systems such as
AFFF or sprinklers.

(b)

Diesel Fuel 0il Storage Areas

Diesel fuel cil tanks with a cap-
acity greater than 1100 gallons
should not be located inside the

9.5.1-107

9.

Diesel Generator Areas

(a)

(b)

(c)

(d)

10.

SAME

SAME

Diesel Fuel 0il Storage Areas

When day tanks cannot be
separated from the diesel-
generator one of the .
following should be provided
for the diesel generator
area:?

Automatic open head
deluge or open head spray
nozzle system(s)

Automatic closed head
sprinklers

Automatic AFFF that is
delivered by a sprinkler
deluge or spray system

Automatic gas system
(Halon or coz) may be
used in lieu®of foam
or sprinklers to combat
diesel generator and/or
lubricating oil fires.

-

2/2471717
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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 1f located
within 50 feet, they should be
housed in a separate building
with construction having a
ninimum 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 sygtems or equip-
ment regardless of the fire rating
of separating floors or ceilings.

t 2/24/77 9.5.1-108

In operating plants where tanks
are located directly above or )
below the diesel generators O
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 o1l spills end 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)

)
QI
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11.

12,

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 yprotected by
automatic sprinkler protection
unless a fire hazards 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.

Provigions should be made for
manual control of the ventilation
system to facilitate: smoke removal
1if required for manual fire
fighting operation.

New Fuel Area

Hand portsble extinguishers
should be located within this
area. Also, local hose stations
should be located outside but
within hose reach of this area.
Autonatic fire detection ghould

9.5.1-109

(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
annunclation locally and in the
control room. Local hose
stations and portable ex-~
tinguishers ‘should also be
provided. '

12. DNew Fuel Area

SAME

2/24/17
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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 dralnage 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 13. Spent Fuel Pool Area
Protection for the spent fuel SAME

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 14. Radwaste Building
The radwaste building should be SAME

separated {rom other areas of

the plant by fire barriers having
at least three-hour ratings. Auto~-
matic sprinklers should be used
in 21l areas where combustible
matcerials 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. 6

2/24/177 9.5.1-110
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15.

16.

17.

Decontamination Areas

The decontamination areas should
be protected by automatic
sprinklers if flammable liquids. .
are stored. Automatic fire detec-
ticn 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.

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. Tortable extinguishers
should be located in nearby hose
houses. 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.

Cooling Towern

Cooling towers should 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.

9.5.1-1

15. Decontamination Areas
SAME
t
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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PLANTS UNDER CONSTRUCTION AND 1

18.

Miscellaneous Areas

Miscellaneous areas such as
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

1.

2,

Welding and Cutting, Acetylene -
Oxygen Fuel Gas Systems

This equipment is used in various
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.)

Storage Areas for Dry Ion Exchange
Resins

Dry ion exchange resins should

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. Lotal hose sta-

- tions and portable extinguishers

2/24/177

shouid provide backup for these
areas. Storage areas of dry resin
should have curbs and drains.
(Refer to NFPA 92M, "Waterproofing

and QDraining of Floors.")
905-1"]1:

18. Miscellaneous Areas

SAME

|G. Special Protection Guidelines

1. Welding and Cutting, Acetylene -
Oxygen Fuel Gas Systems

SAME

2. Storage Areas for Dry Ion
Exchange Resins

SAME
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O APPLICATION DOCKETED BUT <ONSTRUCTiON

PERMIT NOT RECEIVED AS OF 7/1/76

PLANTS UNDER CONSTRUCTION AND

OPERATING PLANTS

3.

4.

Razardous 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.

Materials Containing Radioactivity

Materials that collect and contain
radioactivity such as spent ion ex-
change 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 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.

9-50]"]"3

3. Hazardous Chemicals

4, Materials Containing Radio-
Activity

SAME

2/24/17 x
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Appendix A to Branch Technical Position APCSB 9.5-1,
"Guidelines for Fire Protection for Nuclear Pcower Plants"

Tabulated below are corrections to errors noted in Appendix A to Branch

Technical Position APCSB 9.5-1.

Under B. add 1.

1. Page 9.5.1-65

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."

S. Page 9.5.1-84 - Change C. to E.

6. Page 9.5.1-93 - Line 3 under 6. After 10A add "Installation" after

"Portable Fire Extinguishers" . e

7. Page 9.5.1-93 - Change D. to F.

8. Page 9.5.1-108 - Change E. to G.

Also for your cenvenience, 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 (1) 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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BRANCH TECHNICAL APPENDIX A TO REGULATORY
POSITION 9,.5-1 BTP 9.5-1 GUIDE 1.120
I. Definitions
II. Introduction A. Introduction
11I1. Discussion B. Discussion
.IV. Positions Positions C. Regulatory Position
A. Overall Requirements of a A. Overall Requirements of 1. Overa!l Requiremgnts of
Nuclear Plant Fire Pro- Nuclear Plant Fire Pro- the Fire Protection Program
tection Program tection Program
B. Administrative Procedures, 2, Administrative ?rocedyres,
Controls and Fire Brigade Controls, and Fire Brigade
€. Quality Assurance Program 3. Quality Assurance Program
B. General Guidelines for Plant D. General Guidelines for 4. General Plant Guidelines
Protection Plant Protection
b 1. Building Design 1. Building Design a. Building Design
E: 2. Control of Combustibles 2. Control of Combustibles b. Control of Combustibles
51 3. Electrical Cable Construction, 3. Electric Cable Construc- c. Electrical Cable Con-
hdd Cable Trays and Cable Pene- tion, Cable Trays and struction, Cable Tfays,
trations Cable Penetrations and Cable Penetrations
4. Ventilation 4, Ventilation d. Ventilation
5. Lighting and Communi- 5. Lighting and Communi- e. Lighting and Communi-
caticns cations cations
6. Administrative Procedures,
Controls and Fire Brigade
7. Quality Assurance
C. Fire Detection and Suppression E. Fire Detection and Suppression 5. Fire Detection and Suppression
D. Guidelines for Specific Plant F. Guidelines for Specific 6. Guidelines for Specific
Areas Plant Areas Plant Areas
N I3
~ E. Special Protection Guidelines G. Special Protection 7. Special Protection
L Guidelines Guidelines
~4
b D. Implementation
V. References References



NUREG-75/087
U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.2 COMMUNICATIONS SYSTEMS
REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

1. 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-
tation of evacuation procedures (SRP Section 13.3).

I1. ACCEPTANCE CRITERIA
Acceptability of the design of the communicatfon 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 planis with satisfactory operating experience. There
are no general design criteria or regulatorvy guides that directly apply to the safety-
related performance requirements for the communication system. The PSB 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 accfdent or fncident
conditions (including fire) under maximum potentia) noise levels. Communications systems
for fire fighting are acceptable if they meet 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 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 materfal from this SRP section, as may be appro-
priate for a particular case.

USNRC STANDARD REVIEW PLAN

S'sndard review plans are prepered for the guidance ot the Office of Nucleer R ® wtaft ible far the review of sppticeticns te esnstruct snd
0ate Ruclear m« plants. These & sre mads te 1o the public se part of the Commission’s policy te Inform the nuclear industry and the
generel pudlic of reg Y p dures ond policles. Stendard review plans ore not substitutes for reguistory guldes or the Commission’s regulations and
sompHance with theen ls Aot required. The standerd raview plan sectians are keyed te R 2ot the Standard Fermat and C. of Bainty Anslysis Roponts
for Nucieer Fower Plants. Kot ait sections ef the Standard Format have 8 sorresponding review plan.

Published standard review glens will be revised periodicatly, as sppropri 1] di ond 1o reflect new Inf lon snd experk

c and suggestiens for imp witt be idered and should be sent te the U.S. Nuclesr Roguistery C: tesion, Office of Nucieer Roncter

Raguistion, Washington, D.C. 20655.
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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 appii-
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- l
dent condition, to demonstrate system capabilities.

IV. EVALUATION FINDINGS
The reviewer verifies that sufficient information has been prosided 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
veri1fication that onsite communications are adequate in the event of an emergency.
[The review has determined the adequacy of the applicant's proposed desicn criteria
and bases for the communication system and the requirements for all plant operation, l
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 e
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 communicatfons system conforms to all
applicable guides, staff positions and industry standards and is acceptable." l

V.  REFERENCES
1. 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



NUREG-75/087

f"’; 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)

Secondary - None

1. ARLAS «if ROVIEW
The PSE review Of the lighting system is limited to the emergency or supplementary 1ighting|
systems. he 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 accigent conditions, and the effect of the loss of offsite
power on the emergency lighting system,

11, ACCEPTANCE CKITERIA
Acceptability of the design of the lighting system, as described in the applicant's safety
analysis report {SAR). is based in vart on the degree of similarity of the design with |
that for previousiy reviewed plants with satisfactory operating experience. There are no
general design criteria or requlatory guides that directly apply to the safety-related
performance requirements for the lighting system. The PSB will use the following criterion]
to assess the system desiyn capability: the emergency lighting system is acceptable if
the integrated design of the system will provide adequate emergency statfon 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. E£mergency
lighting for fire fighting is acceptable if it rieets the requirements of Branch Technical
Position ASB 9.5-1.

I11. 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.

1V. EVALUATION FINDINGS
The reviewer determines that sufficient information has been provided and hic roview ]
supports conclusions of the following type, to be included in the staff's safety evaluation

report:
USNRC STANDARD P.../IEW PLAN

Sianderd review plans are prepared ter the guidance of tha Oftice et N R | tation statt renp ible tor the coview of applications to construct end
operate Aucioar pewer plsnts. Thess documents sre made svsilable to the public as part of the Commission’s poticy 10 Inform the aucless industry and the
* t public of regul y d ond policies. Standard review plans are not substitutes for reguletory guides or the Commission’s regulstions end
compliance with tham is not required. The stenderd review plan ions are keved to Revision 2 of the Standard Format and Content of Satety Analysis Raports
for Nucloar Power Plants. Not oit sections of the Sisndard Format have & corresponding raview plan

Published standerd review plans will be feed periodically, ss app i to d ond 10 reflect now inf ion and enp

[J ond sug L tor imp witt be ond should be sent to the U.8. Nucl Regul v C isston, Otfice of Nuclear R
Roguistion, Washingten. D.C. 20655, .
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"The 1ighting system includes all components necessary to provide adequate 1ighting
during both emergency and normal operating conditfons. 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 conditfons. (CP)] [The review has determined

that the design of the emergency 1ighting system and auxiliary supporting systems is
in conformance with the design criteria and bases. (OL)]

"The basis for acceptance {n the staff review has been conformance of the applicant’s
designs and design criteria for the emergency 1ighting system and necessary auxiliary
supporting systems to staff positions and industry standards. '

"The staff concludes that the design of the 1ighting system conforms to all applicable
staff positions and indi<*'y standards, and 1s 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).




NUREG-75/087
U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

« OFFICE OF NUCLEAR REACTOR REGULATION

7
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SECTION 9.5.4 EMERGENCY DIESEL ENGINE FUEL OIL STORAGE
AND TRANSFER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secordary - Auxiliary Systems 8ranch (ASB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
I.  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 fue) 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
(EDEFSS) 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 gquantity of
fuel ofl stored on site, and the availability and procurement of additional fuel from
offsite sources.

1.  The diesel engine fuel oil storage and tranhsfer system {s reviewed to determine
that:

2. 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 ofl, 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.

USNRC STANDARD REVIEW PLAN

Standard review plans sre prepared for the guldance ol the Ottice of N L Reguistien stail responsibie for the review ef spplications to sonstruct snd
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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 dfesel generator

system to supply uninterrupted emergency power for as long as may be required. ‘ o
f. Seismic Category I structures housing the system protect it from natural

phenomena and external missiles.

2. The PS8 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 operatioq of the
system, including inierlocks.

i

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 diese! engine fuel oil storage and transfer system will involve

secondary review evaluvations performed by other branches. Their evaluations are used

by the PSB to complete the nverall system evaluation. The evaluations performed by I
other branches are as follows. The SEB will determine the acceptability of the

design analyses, procedures, and criteria used to estabiish the ability of structures ‘
to withstand the effects of natural phenomena such as the safe shutdown earthquake 0
(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will review

the seismic design qualification of components and confirm that compnnents, 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

sysiem components are acceptable. The ASB also determines that the EDEFSS s in

acrordance 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.

11. ACCEPTANCE CRITERIA
Acceptability of the diesel engine fuel ofl 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 utilize |
information cbtained from other federal agencies and reperts, industry standards,
military specifications, available technical literature, and operational performance
data obtained from similarly designed systems at other plants having satisfactory
operational experience.

Rev. 1 9.5.4.2
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The design of the diesel engine fuel of} stdrage and transfer system is acceptable if
the fntegrated 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 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. General Design Criterion 17, as related to the:'capability 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. L-gulatory Guide 1.117, as relatcd to the protection of structures, systems and
components important to safety from the effects of tornade missiles.

10. Regulatory Guide 1.137, as related to fuel ofl systems design, fuel oil quality
and tests.

11. Branch Technical Positicn ASB 9.5-1, as related to fuel oil system fire protection.
12. ANSI Standard N195, "Fuel 0§) 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. 1
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14. Branch Technical Position ICSB-17 (PSB), as related to diesel engine fuel ofl
system protective interlocks during accident conditions.

For those areas of review identified in subsection 1 of this SRP section as being the e
responsibility of other branches, the acceptance criteria and their methods of
application are contained in the SRP sections corresponding to those branches.

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 initfal 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 survefllance developed as a result of the staff's review.

Plant-to-plant variations in the design of fuel of) storage and transfer systems will
occur due to the number of architect-engineering companies having design responsibility
in this area. Differences may occur iq!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 {s 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 oriertation of components as placed in the
facitity. )

3. Piping and interconnections between systems are reviewed to verify that single
active faflures 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.

Rev. 1 9.5.4-4



The reviewer verifies that the design s 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 & program have been incorporated to assure that the quality of the stored
fuel oi1 meets minimum requirements at all times.

§

The descriptive informatfon and drawings in the SAR are reviewed to verify that:

a. Each storage tank is equipped with an outside fi11 and vent 1ine, located
so 25 to minimize the chance of damage, and with the fill and vent point
higher than the PMF flood level.

b. The winimum 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. ; 1ine 1s provided to return excess fuel ofl
delivered by the transfer pui., back to the fuel ofl storage tank.

e. A low level alam 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).

The reviewer verifies that suitabie 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.

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 sectfons 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.

The diesel engine fuel of1 storage and transfer system is reviewed to verify

that protection from the effects of breaks in high and moderate energy 1ines has been
provided. Layout drawings are reviewed to assure that no high or moderate energy
piping systems are located close to the fuel ofl 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.

9.5.4-5 Rev. 1




The descriptive information, related system drawings; and the results of faflure 1
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 acceptadble if e
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 ofil transfer pumps, strafiners,
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 of)
storage and transfer system and'auxiliary supporting systems is in conformance
with the proposed design criteria and bases. (0L)] o

"The basis for acceptance in the staff review has been conformance of the
applicant's design criteria and bases for the diesel engine fuel o0il 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 diese! fuel ofl storage and transfer
system conforms to all applicable regulations, guides, staff positions, and
industry standards, and is acceptable."

V.  REFERENCE

1.

Rev. 1

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for
Protection against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and
Missile Design Bases.”



3.

]0.

n.

12.

13.

14,

10 CFR Part 50, Appendix A, General Design Crfterioh §, "Sharing of Structures,
Systems, and Components.”

10 CFR Part 50, Appendix A, General Design Criterion 17, "Electric Power Systems."”

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 Classificatfon." !
Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants.”
Regulatory Guide 1.117, "Tornado Design Classification."

Regulatory Guide 1.137, “Diesel Generator Fuel 0il Systems."

Regulatory Guide 1.68, “Initial Test Programs for Water Cooled Reactor Power
Plants."

ANSI Standard N195, "Fuel 0i1 Systems for Standby Diesel Generators," American National
Standards Institute.

Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping

Failures in Fluid Systems Qutside Containment,” attached to SRP Sectfion 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.

Branch Technical Position ASB 9.5-1, "Guidelines for Fire Protection for Nuclear
Power Plants" (attached to SRP Section 9.5-1)

Branch Technical Position ICSB-17 (PSB), "Diesel-Generator Protective Trip Circuit
Bypasses." )

9.5.4-7 Rev. 1



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 (PSB)

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 {s 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, adbnormal
0 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 & 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 fn high and
moderate energy piping.

b. System components are designed in accordance with the design cedes 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 1 structures and components would not affect
the safety-related functions of the EDECWS.

USNRC STANDARD REVIEW PLAN
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3. The PSB reviews the design of the EDECWS with respéft to the following: '

a. Functional capability during periods of abnormally high water levels (the
probable maximum flood).

b. Capabfility 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 fnstallation, inspection and testing of
all electrical components (sensing, control and power) required for proper operation
of the system, including interlocks. 0

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 criterfa 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 fn accordance
with Branch Technical Positions ASB 3-1 and MFB 3-1 for cracks and breaks §n high energy
and moderate energy piping system outside containment.
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I1.

ACCEPTANCE CRITERIA

Acceptability of the diese) engine cooling system design, as described fn the applicant's
safety analysis report (SAR), is based on specific General Design Criterfa and regulatory
guides. An additicnal 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 criterfa 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.

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.

General Design Criterion 5, as related to the capability of shared systems and
components important to safety being capable of performing required safety functions.

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.

General Design Criterion 45, as related tn design provisions to permit perfodic
inspection of safety-related components and equipment of the system.

General Design Criterion 46, as related to design provisions to permit appropriate
functional testing of safety-related systems or components toc assure structural
integrity and leaktightness, operability and performance of active components, and
the capability of the system to function as intended under accident conditions.

Regulatory Guide 1.26, as related to the quality group classification of system
components.
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I11.

8. Regulatory Guide 1.29, as related to the seismic design classirication 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 and 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.

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 1icense (OL) applications, the procedures are used to ver{fy 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 develcped as a result of the staff's review.

The design of the diesel engine cooling water system may vary considerably from plant to
plant cue 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-enginecer firms. Therefore,
for the purpose of this SRP section, a typical system s assumed. Any variance in the
review procedure, to suit 2 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 {s complete.
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The SAR is reviewed to astablish 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 desfgn h2at removal rate capability. The
reviewer verifies the following:

a. Faflure of a piping interconnection, as shown on system piping and instrumen-
tation diagrams (PLIDs), 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.

¢. The performance and water chemistry of the EDECWS 1s 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 1imits recommended by the manufacturer. Protective
interlocks in this system are acceptable {f the SAR indicates that the inter-
locks are in conformance with Branch Technical Position ICSB-17 (PSB).

The reviewer verifies that the EDECWS can be ventel 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.

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 evaluvated in detai)
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under the SRP sectfons for Chapter 3 of the SAR. A statement to the effect that

the system is loéated in a seismic Category 1 structure that is tornado missile

and flood protected, or that components of the system will be located in fndividual

cubicles or rooms that will withstand the effects of both flooding and missiles,

§s 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 descriptive 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. he 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 diese) engine are reviewed to determine the time
avaflable 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. O

IV. EVALUATION FINDINGS -
The reviewer verifies that sufficient information has been provided and his review supports
conclusions of the fellowing type, to be inciuded in the staff's safety evaluation report:

"The emergency diese) 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 {nstrumentation diagrams, and descriptive information for the system and auxfliary
supporting systems that are essential to its operation. [The review has determined
the adeguacy of the applicant’s proposed design criteria and bases for the emergency
diesel engine cooling water system, and the requfrements 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. (0L)]

"The basis for acceptance in the staff review has been conformance of the applicant's ]
designs and design criterfa for the diesel engine cooling water system and necessary
auxfliary supporting systems to the Commission's regulations as set forth in the i
general design criteria, and to applfcable 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 al) applicable regulations, guides, staff positions, and jndustry standards,
and §s acceptable.”

REFERENCES

10

10.

1.

12.

13.

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases fcr Protection
Against Natural Phenomena.”

10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Miss{ile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

10 CFR Part 50, Appendix A, General Design Criterion 44, “Cooling Water System."

10 CFR Part 50, Appendix A, Genersl Design Criterion 45, "Inspecticn of Cooling Water
System."

10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water
System."

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 1.68, "Initial Test Program: for Water Cooled Reactor Power Plants.”
Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants."

Regulatory Guide 1.117, "Tornado Design Classification."

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.

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 9.5.6 EMERGENCY DIESEL ENGINE STARTING SYSTEM

REVIEW RESPONSIBILITILS

primary - Power Systems Branch (PSB) |

Secondary - Auxiliary Systems Branch (ASB)
Fechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB) .
Materials Enginrering Branch (MTEB)
1. 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
instrunentation and control systems.

1.  The PSB reviews the EDESS to verify that: |

a. Each emergency diesel engine has reljable, 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.
i
c. Essential portions of the system are housed within s2fsmic 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 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.

3. The applicant's proposed technical specifications are reviewed for operating license
applications as they relate to areas covered in this SRP sectfon.

USNRC STANDARD REVIEW PLAN
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Secondary reviews are performed by other branches and the results used by the PSB 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 sefsmic qualification
testing of components and confirms that components, piping, and structures are designed
in a.cordance 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 insarvice inspection requirements are met for
system components and, upon request, will verify the compatibility of the materials of
construction with service conditions.

I1. ACCEPTANCE CRITERIA
Acceptability of the diesel enqine 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 EDESS 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:

!. 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 itse)f 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 capabiiity 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
noderate energy piping systems outside containment. @
Rev. 1 9.5.6-2




8. Branch Technical Position ICS8-17 (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, {njection
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 recefvers.
Each cranking cycle duration should be approximately three seconds, or consist
of two to three engine revolutions, whichever cranking cycle time interval is
larger.

¢. Alarms should be provided which alert operating personnel if the air recefver
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 recejvers.

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 prelimi-
nary safety analysis report meet the acceptance criteria given inm 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 ian the final safety analysis report. The review procedures for OL
applications include a determination that the content and fntent of the technical speci-
fications prepared by the applicant are in agreement with the requirements for system '
testing, minimum performance, and surveillance developed durfng 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 instrumentatfon
drawings (P&I0s) 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 PLIDs are reviewed to determine that each receiver
has been provided with & pressure gauge, relfef 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 faflure could not lead to the loss of starting of

more than one diesel engine. The building layout drawings are examined to ascertafn 9
that sufficient space has been provided around the components to permit {nspectfion.

The reviewer verifies that essential portions of the EDESS are classffied seismic

Category 1.

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 recefver 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.

S5. 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 O
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 fn 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 conclusijons 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 fncluded layout drawings, flow diagrams, piping and {nstrumenta-

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 criterfa and design bases for the
system, and the provisions necessary for diesel engine starting during 211 conditions
of plant operatfon. (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, stuff 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 {s acceptable.”

REFERENCES

1'

'

6.

7.

10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Natural Phenomena."

10 CFR Part 50, Appendix A, General Design Criterfon 4, "Environmental and Missile
Design Bases."

10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

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 1.68, "Initial Test Programs for Water Cooled Reactor Power
Plants.”

Branch Technical Positions ASB 3-1, "Protection Against Postulated Piping Faflures
in Fluid Systems Outside Containment," attached to SRP Sectfon 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.

Branch Technical Position ICSB-17 (PSB), "Diesel Generator Protective Trip Circuit
Bypasses," attached to SRP Appendix 8-A.
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NUREG-76/087
U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.7 EMERGENCY DIESEL ENGINE LUBRICATION SYSTEM
REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB) '
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 lubricaticn
to the components of the erergency diesel engines. The PSB reviews the EDELS and
associated auxiliary systems to assure conformance with the requirements of GDC 2, 4 I
and 5. The review includes system piping, pumps, components, and assocfated 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 perfermance 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 brezks in high
and moderate energy piping.

c.  System components are designed in accordance with the d2sign 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.

USNRC STANDARD REVIEW PLAN
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3. The PSB will also review the design‘of the EDELS with respect to the following: |

a. Functional capability during abnormally high site water levels (probable ‘
maximum flood).

b. Capability for detection and control of system leakage.
€. 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 cperation 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 |
Yicense 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 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

1 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 ASE 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 MTEB will verify that {nservice inspection require-
ments are met for system components and, upon request, will verify the compatibilfty

of the materfals of construction with service conditions.

I1. ACCEPTANCE CRITERIA
Acceptability of the emergency diesel engine lubrication system, as described in the
applicant's safety analysis report (SAR), fs based on specific general desfgn criteria
and regulatory guides. The reviewer will also utilize information obtained from
other sources such as other federal agenciei. published reports, industry standards,
military specifications, and technical Yiterature on commercially available products.
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An additfonal basis for the acceptability of the system will be the degree of similarity
with svstems in previously reviewed plants with satisfactory operating experfence.

The design of the EDELS is acceptable if the integrated design of the system is in
accordance with the following criterfa:

1. General Design Criterion 2, as related to structures housing the system and
the system ftself 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 Criterjon 4, with respect to structures housing the system and
the system itself being capable of withstanding the effects of external missfles
and internally generated missiles, pipe whip, &nd 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 ocil 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-), as related to breaks fn 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 i{n accordance with

recommendations of the engine manufacturer.

b. The system has been provided with sufficient protective measures to maintafn
the required quality of the oil during engine operation.

9.5.7-3 Rev. 1




c. Protective measures (suchuas relief ncrts) have teen taken to prevent
unacceptable crankcase explosions and to mitigate the consecu.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 o0il 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,

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 fn the
preliminary safety analysis report meet the acceptance criteria given in subsection
11. 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 technica)l
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 wil) 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 contfnuous
operation of the system. The reviewer verifies the following:
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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 ofl 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 entiy 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 sefsmic Category I.

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-sefsmic 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.

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 o0i} system, or that protection from effects of Tailure 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.

The descriptive information, PLIDs, r.lated system drawings, and system analyses a
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

nininum 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 §ncluded 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 lTubrication 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 auxilfary 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 ludbrication system

and necessary supporting systems to the Commission's regulations as set forth in

the general desian criteria, and to applicable regulatory guides, staff technical
positions, and industry standards.

"The staff concludes that the design of the emergency diesel engine Tubrication
system conforms to all applicable regulations, guides, staff positions, and
industry standards, and is acceptable." ‘

V.  REFERENCES

1.
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10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
Against Natural Phenomena.”
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10 CFR Part 50, Appendix A, General Desidn Criterion 4, "Environmental and
Missile Design Bases.” '

10 CFR Part 50, Appendix A, General Design Criterion 5. "gharing of Structures,
Systems, and Components."”

Regulatory Guide 1,26, "Quality Group Classifications and Standards For Water,
Steam, and Radicactive-Waste-Containing Components of Nuclear Power Plants.”

Regulatory Guide 1.29, "Seismic Design Classification."

Regulatory Guide 1.68, "“Initial Test Programs for Water Cooled Reactor Power
Plants." - .

Regulatory Guide 1.102, "Flood Protection for Nuclear Power Piants."
Regulatory Guide 1.117, "Tornado Design Classification.”

Branch Technical Positions ASB 3-1, "Protection Against Postulated Pipin
Faflures in Fluid Systems Outside Containment," attached to the 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.

8ranch Technical Posftion ASB 9.5-1, "Guidelines for Fire Protection for Nuclear
Power Stations” (attached to SRP 9.5-1).

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

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.5.8 EMERGENCY OIESEL ENGINE COMBUSTION AIR INTAKE
. AND EXHAUST SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB) |

Secondary - fwuxiliary Systems Branch (AS8) i |
“tructural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)

1. AREAS OF REVIEW
The emergency diesel engine combustion air intake and exhaust system (EOECAIES) supplies |
combustion air of reliable quality to the diesel engines, and exhausts the products of com-
bustion from the diese) 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
tfrom 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 meels appropriate seismic design classification requirements

and the components are designed, 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 prutecting 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 wil) 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
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3. The applicant's proposed technical speciffcations are veviewed by PSB for | !
. : |

operating license applications, as they relate tc areas covered in this 1

SRP section. ;

Secondary reviews will be performed by other branches and the results used by the PSB to | g )
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 criterfa 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 sefsmic and quality group classifications for system components are acceptable.
The ASB alsc determines that the EDECAIES is in accordance with Branch Technical Position
AS8 3-1 and MEB 3-1 for cracks and breaks in high energy and moderate energy piping |
systems outside containment. The MTER will verify that inservice inspecticn require-

ments are met for system components and, upon request, will verify the compatibility

of the materials of construction with service conditions.

11. ACCEPTANCE CRIVERIA
Acceptabilfty of the design of the emergency diesel generator combustion afr intake and
exhaust system, as descridbed 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. e

The design of the EDECAIES is acceptable if the.integrated desfgn 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 Criterfon 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.
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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
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 relfable com-
bustion air intake and exhaust system. The system should be sized and physically

arranged such that no degradation of engine function wil) be experienced when the diese)

generator set is required to operate continuously at the maximum rated power output.

10. The combustion air intake system shail be provided with a means of reducing airborne
particulate materia) over the entire time period that emergency power §s required
assuming the maximum airborne particulate concentration at the combustion air {ntake,

11. Suitable desig. 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 diese) 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.

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 opérating license (OL) applications, the procedures are utilized to verify

that the fnitial) design criteria and bases have been appropriately implemented in the
final design as set fortn in the final safety analysis report.

The review procedures fer OL applications include a determinatfon 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 survetllance 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,

Rev. 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 EDECAIES are designed to appropriate‘
seismic and quality group classification standards.

The SAR is reviewed to ascertain that sufficient space has been provided around the
components to permit inspection of the system components.

The SAk 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.

The SAR 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 functfon if there is a failure of an active component.

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.

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 fajlure 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, wil) 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 1ntérnally 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 s adequate. A statement to the effect that the system {s
located in a seismic Category I structure that {s tornado missile and flood
protected, or that components of the system will be located in individua)
cubicles or rooms that will withstand the effects of both floeding and missiles
is acceptable.

c. The ossentialvportions 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&IDs, EDECAIES layout drawings, and fajlure 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 faflure. The reviewer evaluates the effects of faflure 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.

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 diese) generator combustion air intake and exhaust system (EDECAIES) J
includes all components and piping of the air intake system from the atmospheric air
intake to fts 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 rcview of the EDECAIES for the plant included)
layout drawings, piping and insirumentation 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 afr intake and exhaust system
and requirements for safe operation of the system during normal, abnormal and accident
conditions. (CP)] (The 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. (0L)]
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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 dfesel 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 technica) positions, and industry standards. B

“The staff concludes that the design of the emergency diesel generator combustion air
intake and exhaust system conforms to a1} applicable regulations, gufdes, 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 Desfgn 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 l ”
Plants.” :

7. Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants." |

8. Regulatory Guide 1.117, "Tornado Design Classification.” ‘

9. 8ranch 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.

10. Branch Technical Position ICSB-17 (PSB) Diesel-Generator Protective Trip Circuit
Bypasses.
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