NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.1 INTRODUCTION
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB) -

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Containment Systems Branch (CSB)
Reactor Systems Branch (RSB)
1. AREAS OF REVIEW
Section 7.1 of the applicant's safety analysis report (SAR) contains information.pertaining
to safety-related instrumentation and control systems, their design bases, and the applicable
acceptance criteria. EICSB reviews this information as detailed in III of this plan, and
also determines the adequacy of the information presented with reference to the information
requirements of the corresponding section of the Standard Format (Item 4.1 of Ref. 1).

The secondary review branches (APCSB, CSB, RSB) review the safety-related system tabula-
tions for completeness, i.e., to verify that all safety-related systems within their
respective areas of primary review responsibility have been identified. If systems other
than those identified are deemed to be safety-related, this information is transmitted to
EICSB.

This review plan also includes evaluation of the proposed technical specifications given
in SAR Chapter 16 to assure that they are adequate with regard to safety system settings,
limiting conditions for operation, and periodic surveillance testing of instrumentation
and controls.

IT. ACCEPTANCE CRITERIA
The identification of safety-related systems is acceptable when it can be concluded that

the integrated response of these systems assures the safety of the plant in normal operation,
anticipated operational transients, and postulated accidents.

Table 7-1, "Acceptance Criteria for Controls," lists the criteria currently applicable
to safety-related instrumentation and control systems (acceptance criteria for safety-related
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electric power systems are listed in Table 8-1). Conformance to these criteria does not

necessarily establish the adequacy of the functional performance and reliability of these
systems. However, omission of any of the criteria will in most cases be an indication of ‘
system inadequacy. Therefore, the identification of the criteria applicable to safety-

related instrumentation and control systems is acceptable if it includes all of the

criteria listed in Table 7-1, and if the SAR contains a statement to the effect that these
criteria are implemented, at the operating license (OL) stage, or will be implemented, at

the construction permit (CP) stage, in the design of these systems.

The fundamental bases for acceptance of the proposed technical specifications are that
the 1imiting conditions for operation are such that sufficient equipment is required to
be available for operation to meet the single failure criterion; that equipment outages
that are permissible for a short period of time still leave available sufficient equip-
ment to provide the protective function assuming no failures; and that the provisions of
the technical specifications are compatible with the safety analyses.

REVIEW PROCEDURES
Safety-related systems fall into three categories: basic safety systems, auxiliary

supporting systems, and other systems important to safety.

Basic safety systems are those that directly perform a protective function. Examples are

the reactor trip system, the emergency core cooling system, the containment isolation
system, and the containment spray system. The reactor trip system provides reactor

protection by fast insertion of negative reactivity (control rods) when pliant conditions
approach design safety 1imits. A1l the other systems Tlisted are engineered safety ‘ '

features (ESF) systems; their function is to mitigate the consequences of postulated
design basis accidents.

Auxiliary supporting systems are those that must function to enable operation of the

basic safety systems. Component cooling systems, service water systems, ventilation
systems, and electric power systems which serve ESF and reactor trip components are
examples of auxiliary supporting systems. These systems must meet the same criteria
as the basic safety systems they support,

Other systems important to safety are those systems which operate to reduce the proba-

bility of occurrence of specific accidents, or to maintain the plant (including other
safety systems) within the enve1bpe of operating conditions postulated- in the accident
analyses as being required to assure full protection capability.' Examples of this type
of system are the cold loop startup control (interlocks) system, the accumulator tank
isolation valve control (interlocks, position indication, alarms) system, and the plant
status and alarm systems that provide the operator with the information necessary

for initiating manual protective action. These systems are primarily instrumentation
and control systems characterized by having a functional interface with the operator.
The same safety crijteria apply. However, 1nAapp11cation to this type of system, the
criteria are usually further defined by regulatory guides and in branch technical posi-

tions of the EICSB.
, 70-2 ‘
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The EICSB review encompasses all of the electric power, instrumentation, and control
systems associated with all three categories of safety-related systems described above,
with particular emphasis on the elements which constitute the protection system (as
defined in IEEE Std 279-1971) and the Class IE electric systems (as defined in IEEE

Std 308-1971). The safety-related electric power systems are covered in the standard
review plans for Chapter 8 of the SAR. The standard review plans for SAR Chapter 7 are
concerned only with the safety-related instrumentation and control systems.

The review of SAR Section 7.1 and applicable portions of the plant technical specifi-

cations is performed as follows:

1.

EICSB will establish that all safety-related systems are identified, and that this
identification does not conflict with the more detailed information provided in
other sections of the SAR, particularly in Chapters 6 and 8 and in subsequent
sections of Chapter 7. The definitions of safety-related systems presented above
should be used as an aid in assessing the completeness of the identification. The
secondary review branches (APCSB, CSB, RSB) will confirm the identification of

all safety-related systems within their respective areas of primary review responsi-
bility. If systems other than those identified are deemed to be safety-related,
this information should be transmitted to EICSB. Particular care should be exer-
cised to assure that all systems postulated in the accident analyses (Chapter 15)
as being required for safety are identified as safety-related systems.

EICSB verifies that other systems described in the SAR (particularly in Chapters 5,
6, 8, 9, 10, 11, and 15) but not identified by the applicant in Section 7.1 are not
required for safety. The reviewer should obtain concurrence from the secondary
review branches with regard to systems considered to be safety-related by EICSB,
but which have not been identified as such by the applicant. Written requests for
evaluation should be made to the secondary review branches when there are novel
designs or significant differences of opinion.

EICSB verifies that the safety-related systems are categorized.by supplier, i.e.,
those designed and supplied by the nuclear steam system supplier and those designed or
supplied by others.

EICSB verifies that systems identical to those of reference plants that have recently
received construction permits or operating licenses and those that differ from the
reference plants are so identified.

EICSB verifies that for those systems that are different from those of the reference
plants, the differences are described and justified to the extent necessary for an
evaluation of their safety significance.

EICSB confirms that the criteria identified as being applicable to the design of
safety-related instrumentation and control systems include those criteria listed

in Table 7-1. This identification meets the applicable requirements of General

7.1-3
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Design Criterion 1, ”Quality.Standards and Records," of Appendix A of 10 CFR Part
50. General Design Criteripq 1 also requires that, "Structures, systems and comp-
onents important to safety shall be designed, fabricated, erected and tested ‘
to quality standards commensurate with the importance of the safety function to be

performed." Therefore, the SAR should include (1) a discussion regarding the
applicability of each criterion listed, and (2) a statement to the effect that
the criteria are implemented (OL) or will be implemented (CP) in the design of
safety-related instrumentation and control systems.

7. EICSB verifies that technical design bases are provided (reference to other sections

11/24/75

"of the SAR is acceptable) for all the various functions of the protection system.

8. Applicable portions of the proposed plant technical specifications (SAR Chapter 16)
are reviewed by EICSB and the secondary review branches to:
a. Confirm the suitability of the safety limits, limiting safety system settings, and
the 1imiting conditions for operation.
b. Verify that the frequency and scope of periodic surveillance requirements are
adequate.

For a CP review, it is only necessary to confirm that the applicant has identified those
variables, conditions, or other items which have been determined to be probable subjects

of the technical specifications (See 10 CFR §50.34(a)(5).). The applicant's justifica-

tion for the selection of those items is evaluated with special attention to any that may
significantly influence the final design. The specific provisions of the proposed technical
specifications are not appﬁoved 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 approrpiate,

included in that portion of the staff's safety evaluation report pertaining to the design

of the affected systems.

For an operating Ticense review, the proposed technical specifications are reviewed and
evaluated in depth in accordance with the requirements of 10 CFR §50.36. For the EICSB
areas of review, a check is made that the 1imiting conditions for operation (LCO) agree
with the surveillance requirements, i.e., for each system or component that is the subject
of a 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 be in accordance with the
values assumed in the accident analyses, including appropriate allowances for instrument
error, drift, etc. If the acceptance of the design of a particular system is based upon
required plant conditions or particular operating procedures, such requirements should be
included in the final technical specifications and, if appropriate, noted in that portion
of the staff's safety evaluation report pertaining to the design of the affected system.

®




IV. EVALUATION FINDINGS -
EICSB 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 applicant has identified the éafety—related instrumentation and control systems
and the applicable safety criééria and has documented his intent to design and
implement these systems in accordance with the criteria. It is concluded that
implementation of these systems in accordance with the criteria provides assurance
that the plant will perform as designed in normal operation, anticipated operational
transits, and postulated accident conditions, and meets the applicable requirements of

General Design Criterion 1."

V.  REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls."*

*AT1 references for this plan are included in Standard Review Plan Table 7-1.

('lll' ' - 7.1-5

B ' 11/24/75

3



11/24/75



NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.2 : REACTOR TRIP SYSTEM
REVIEW RESPONSIBILITIES

Primary ~ Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB) -
Core Performance Branch (CPB)
Mechanical Engineering Branch (MEB)
Quality Assurance Branch (QAB)
Reactor Systems Branch (RSB)
I. AREAS QOF REVIEW
EICSB reviews Section 7.2 of the applicant's safety analysis report (SAR), which describes
the reactor trip system (RTS). The reactor trip system, which is part of the reactor protec-
tion system, includes those power sources, sensors, initiation circuits, logic matrices,
bypasses, interlocks, racks, panels and control boards, and actuation and actuated devices,
that are required to initiate reactor shutdown. ‘The RTS is designed to initiate automati- L
cally the reactivity control system (control rods), to assure that specified acceptable
fuel design 1imits are-not exceeded. It also includes those safety-related portions of .
control systems, the actions of which inhibit or 1imit the response of the reactivity T——
control system to ensure that fuel design limits and safety 1imits are not exceeded.

Although the design configurations of RTS's for nuclear reactors vary significantly, it
is possible by use of the diagram in Figure 7.2-1 to define the RTS of each nuclear
steam supply system (NSSS) to the extent necessary for the pukpose of identifying the
EICSB primary review responsibility.

As shown in Figure 7.2-1, the RTS includes several sensors (usually 4) to measure each
parameter such as neutron flux, primary system pressure, reactor outlet temperature, etc.
These parameters are detected by sensors of various principles and types that provide elec-
trical signals, mostly at Tow current or voltage levels. The sensors are located at many
locations throughout the plant. It is necessary to determine that each location is suitable
for the type of sensor used and that its transmission circuitry (channel) is broper]y routed
to the RTS cabinets in which the electronic signal conditioning equipment is located. Most
often, sensors are mounted on Tocal racks and panels.. Their arrangement should be considered
in the review. For example, consideration should be given to the routing of sensing lines
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from the process system taps to the sensors, the sensor mountings on racks, and the arrange-

ment of local racks and panels within the plant. The paths of transmission circuitry in-

clude routing through containment electrical penetrations and into the cable spreading : .
room. These regions deserve special review attention with regard to ascertaining RTS com-

pliance with the acceptance criteria of Section II of this review plan.

The reactor trip system cabinets that include signal conditioning equipment, logic arrange-
. ments, test circuitry, indicators, alarms, and other features are the focal point of
the RTS. The cabinets are usually located in the control room area. In addition to review-
ing the cabinets and their contents against the acceptance criteria, the reviewer must show
that the cabinets are not vulnerable to significant degradation from external influences.
Other significant RTS cabinets include those that contain the system trip actuation devices
themselves. The actuation devices and the power circuitry to the actuated devices (control
rod drives) are also within the scope of the EICSB review; however, the control rod poison
sections and the control drives are reviewed by others.

The power supply for the RTS is included in the EICSB review to the extent that the review
must show that loss of power would not result in RTS failure to function. The review need
not address the capability of the power supplies, usually motor-generator sets, to supply
power. However, uniqueness of voltage and frequency requirements for certain RTS motor-
generator sets and power supplies must be considered.

Testability of the RTS must be reviewed to ensure that the entire system is fully testable.
The EICSB reviewer must ascertain that the test circuitry and test methods used do not ‘

compromise the independence of redundant circuits and equipment and do, in fact, enhance
RTS reliability. This concern is particularly significant for newer solid state designs

' incorporating automatic test features.

Another review area of significance includes the interlock circuits that are provided to
inhibit control rod motion. These are actuated from safety-related control system sensors
such as those that monitor control rod position, turbine trip, etc. Also, protective inter-
locks actuated from loop isolation valve switches that are used to reset RTS parameter trip
levels to more conservative values must be reviewed, along with manual selector switches
that are also used to reset protection system trip levels as required for other modes of
operation than the normal full power operating mode. These are shown schematically in
Figure 7.2-1.

A review of measures involving reactor shutdown that are required to satisfy the design
requirements for "anticipated transient without scram" (ATWS) events is included in this
section. These measures, for the most part, have not been defined by nuclear steam system
suppliers. The EICSB review of the proposed measures will be conducted to assure compliance
with the staff technical report WASH-1270, Section V (Ref. 5). The criteria for measures re-
quired to make ATWS acceptable are currently under development and will be promulgated as
branch technical positions and subsequently as regulatory guides.

7.2-2 ‘
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The descriptive information, including electrical single line diagrams, electrical schematics
(for the operating license stage only), logic diagrams, and physical arrangement draw- .

ings are reviewed. The objectives are to determine, on the basis of the most recent diagrams
available, that the RTS satisfies the acceptance criteria and to determine that the RTS will
perform its intended function during accident conditions and other transient conditions
identified in the safety analysis report (SAR) accident analyses. This capability must be
maintained during all plant operating modes including start-up power operation, shutdown,

and refueling, as defined by the technical specifications.

The depth of review for a plant at the construction permit (CP) stage is limited. For a
construction permit, design criteria and preliminary designs are reviewed in order to
establish a basis for acceptance. The level of detail need only be sufficient to provide
reasonable assurance that the final design will conform to the design bases and that the
design bases themselves provide an adequate margin for plant safety. For an operating
license (OL), the final design diagrams and results of analyses are reviewed to determine
that the required safety functions can be accomplished.

The review is also to include evaluation of the proposed technical specifications to assure
their adequacy. Refer to Standard Review Plan (SRP) 7.1 for the considerations involved.

In summary, the primary review area within the scope of the EICSB for SAR Section 7.2
includes:

1. The descriptive information, design bases, and analyses for the reactor trip system.

2. The descriptive information and design bases for supporting systems interfacing with
and essential to the operation of the reactor trip system.

In cases where the design is similar to that of plants previously reviewed, the reviewer
may determine that it is not necessary to review every facet of the design but may instead
select and place emphasis on the most critical areas. Conversely, when concepts that have
not previously been reviewed by the staff are received for review, evaluation considerations
beyond those outlined in this section may be applied as necessary to assure that the pro-
posed designs will function properly and meet all applicable requirements.

To assure that the auxiliary supporting systems that are essential to RTS operation will
adequately maintain the required environmental conditions in areas of the plant where RTS
equipment is located, APCSB support is required in the evaluation of cooling systems, heat-
ing and air conditioning systems, etc. The APCSB provides assistance in determining that
the RTS will be capable of performing its function with auxiliary supporting systems de-
graded to their 1imiting conditions for operation. The auxiliary systems are described in
SAR Chapters 9 and 10, for which APCSB has- primary review responsibility.

Assistance is required from the CPB in reviewing the reactivity control aspects of the RTS,
including negative reactivity available in control rods, allowable reactivity insertion or
withdrawal rates, and reactivity distributions throughout plant life. The CPB reviews the

7.2-3
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placement of neutron sensors with regard to measurement of the flux spatial dependence, the

flux magnitude, and calibration effects for all operating modes throughout core life. CPB

assistance is also required to establish technical specifications for core protection instru- ‘
mentation with regard to 1imiting conditions for operation and limiting safety system

settings. The plant nuclear design is discussed in SAR Section 4.3, for which CPB has

primary review responsibility.

EICSB requires support from the MEB to review seismic qualification tests and supporting
analysis for RTS equipment. The MEB review responsibilities in this regard are discussed
in SRP 3.10.

The RTS design and construction must be carried out in accordance with the quality assurance
requirements of 10 CFR Part 50, General Design Criterion 1 and Appendix B. QAB assistance
is required to make this determination. QAB also determines that the quality assurance
program documentation required of applicants and the proposed QA/QC organizations are
acceptable. The QAB review responsibilities are discussed in SRP 17.1 and 17.2.

To assure that the location, number, and ranges of sensors provided to monitor the per-
formance of the reactor heat transfer systems and related equipment are adequate, the EICSB
requires RSB support. RSB assistance is also required to establish technical specification
requirements for heat transfer system instrumentation with regard to 1imiting conditions
for operation and limiting safety system settings. The RSB primary review responsibilities
are discussed in SRP 4.4, 6.3, and 15.

II. ACCEPTANCE CRITERIA ‘

In general, the reactor trip system is acceptable if it includes adequate redundancy; meets
the single failure criterion; has the capacity and capability to safely and reliably shut

down the reactor; is fully testable; is capable of functioning during and after design basis
events and accidents; and satisfies applicable requirements of the regulations and the:
recommendations of Institute of Electrical and Electronic Engineers (IEEE) standards,
regulatory guides, and branch technical positions. Section V of this plan lists those
regulations, standards, guides, and positions used by the reviewer as aids in ascertaining
that the above criteria have been met. Section III of this plan discusses the application
of these evaluation guides to the review.

The general design criteria_and IEEE Std 279-1971 set forth requirements that must be met
by all RTS designs. Supporting auxiliary systems must also satisfy these requirements.
Appendix A to this plan provides the reviewer with a summary of the use of IEEE Std 279
in the review.

The regu]atbry guides and branch technical positions set forth acceptable methods of
implementing criteria and are not requirements. They serve to resolve problems by pro-
posing particular solutions. Industry standards and topical reports referenced in a SAR
may be used as a basis for approval of a design. However, acceptability of the standards
and topical reports referenced, but not previously reviewed, must be determined in order to

complete the review of the SAR. .
7.2-4
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Acceptance criteria for specific areas of RTS design are as follows (a complete listing of
these criteria is included in Table 7-1, attached to the Chapter 7 standard review plans):

1. System Redundancy Requirements

General Design Criteria 20 through 29 set forth requirements with regard to functional
redundancy considerations. General Design Criteria 2, 3, and 4 set forth the external
considerations that must be reviewed to assure that redundancy is not compromised.

IEEE Std 279 and IEEE Std 379 are also useful to the reviewer in determining redundancy
requirements for the RTS.

2. System Conformance with the Single Failure Criterion

The General Design Criteria applicable to the preceding discussion on system redundancy
requirements (II.1, above) apply equally to system conformance to the single failure
criterion. In addition to the general requirements of these regulations, Regulatory
Guide 1.53 (as it relates to IEEE Std 379) and IEEE Std 279, paragraphs 4.2, 4.7.3,
4.7.4, 4.7.4.1, 4.7.4.2, and 4.11 explicitly address the single failure criterion and
form the basis for judging system conformance to the single failure criterion. Also,
see Appendix A to this plan for additional guidance.

3. System Capability and Reiiabi]ity
The general requirements for RTS capability are included in General Design Criteria

20 through 29. With the exception of RTS response time, the analyses performed by

the CPB and described in SRP 4.3 serve as the basic acceptance criteria for capability.
The basis for system response time acceptance is established in the SAR, usually in
Chapters 7 and 15. RTS reliability considerations and their conformance to General
Design Criterion 21 are based on ana]yseé, as documented in NSSS topical reports,

and on testing and operating experience with given hardware.

4. System Testability
The criteria used to judge system testability and conformance with General Design
Criterion 21 are basically those contained in IEEE Std 279, IEEE Std 338, and
Regulatory Guide 1.22. In addition, initial qualification of the system must be found
acceptable on the basis of IEEE Std 336, IEEE Std 344 (as modified by Branch Technical
Position EICSB 10), and Regulatory Guide 1.68 with regard to surveillance. - Also,

an acceptable design must satisfy Regulatory Guide 1.47 as augmented by Branch
Technical Position EICSB 21.

5. System Capability During and Following Design Basis Events
The method used to assure that the RTS will be capable of performing its protective

function during and following design basis accidents is that of equipment qualifica-
tion for the conditions postulated to accompany the events.

General Design Criteria 2, 3, and 4 identify events of concern and state acceptance
objectives. IEEE Std 344 (as modified by Regulatory Guide 1.29 and Branch Technical
Position EICSB 10) for seismic-qualification, IEEE Std 317, IEEE Std 323, and

7.2-5
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ITI.

IEEE Std 336 for environmental qualification provide the acceptance criteria. IEEE
Std 336 is augmented by Regulatory Guide 1.30, IEEE Std 317 is augmented by
Regulatory Guide 1.63, and IEEE Std 323 is augmented by Regulatory Guide 1.89.

6. Identification of Control Panels, Racks, Equipment, Cables, and Cable Trays
The method used for identifying RTS cables and cable trays as safety-related equip-
ment in the plant, and the identification scheme used to distinguish between redundant

equipment, racks, panels, cables, and cable trays are acceptable if found to be in
accordance with Section 5.1.2 of Regulatory Guide 1.75. IEEE Std 279, paragraph 4.22
also addresses identification criteria.

7. Separation of Equipment, Cables, and Cable Trays
Regulatory Guide 1.75 provides a basis for review and acceptance of the separation

criteria presented in the SAR.

8. Vital Supporting Systems
The auxiliary systems that are required to assure RTS functional capability should

satisfy the same acceptance criteria as the RTS.

9. Technical Specifications
The acceptance criteria for technical specifications are identified in 10 CFR
§50.34 and 50.36. Usually the most recently licensed plant of the type being
reviewed serves as a model for the technical specifications. Standard technical
specifications are also in preparation at this time. Refer to SRP 7.1 for technical

specification considerations.

For those areas of review identified in Section I of this plan as being the responsi-
bility of other branches, the acceptance criteria and their application are included in

the appropriate sections of the applicable standard review plans. There are criteria that
are used by both primary and secondary review branches as the basis for accepting a design.
As they relate to the RTS, some of these criteria and their application are presented below.

In assuring the adequacy of the seismic design of Category I instrumentation and electrical
equipment, both the MEB and EICSB perform reviews to ascertain that the proposed design
satisfies IEEE Std 344 as supplemented by Branch Technical Position EICSB 10.

To assure that the requirements of General Design Criterion 1 and Appendix B of 10 CFR
Part 50 are met in the reactor trip system, the quality assurance program for the RTS
Class IE instrumentation and electrical equipment must satisfy the requirements of
IEEE Std 336, as augmented by Regulatory Guide 1.30.

REVIEW PROCEDURES

The main objectives in the review of the reactor trip system are to determine that

this system includes the required redundancy, satisfies electrical and physical independence
requirements and the single failure criterion, has the capability and reliability required,

is testable, is capable of performing its function during and following design basis events,

®
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and can safely shut down the reactor in conformance with all the general design criteria
requirements for RTS and the requirements documented in the accident analysis chapter of
the safety analysis report.

In the construction permit (CP) review, the descriptive information, including system safety
design bases and their relationship to the acceptance criteria, preliminary analyses,
electrical single line diagrams, preliminary physical arrangement drawings, functional

logic diagrams, and functional piping and instrument diagrams (P&IDs) are examined to
determine that there is reasonable assurance that the final design will meet the above
objectives. Included in this review, the design criteria for establishing trip setpoints
must be evaluated to show conformance to the following guidelines:

(1) The range selection for instrumentation shall be such as to exceed the expected range
of the process variable being monitored. :
(2) The accuracy of all the safety trip points will not be numerically larger than the
accuracy that was assumed in the accident analysis. ‘
(3) The trip setpoints should be located in that portioﬁ of the instrument's range which
is most accurate and must be located in a region with the required accuracy.
(4) A11 safety trip points will be chosen to allow for the normal expected instrument
system setpoint drift such that the technical specification 1imit will not be exceeded.
"(5) Verification of the above criteria shall be demonstrated as a part of the qua11f1cat1on
test program required by IEEE Std 323-1974,

At the operating license (OL) stage of review, these objectives are verified in the review
of final electrical schematics and physical arrangement drawings. In addition, a site
visit is conducted to assure that the design objectives have, in fact, been implemented in
accordance with the design bases and criteria. Appendix 7-B to the Chapter 7 standard
review plans contains a typ1ca1 site visit agenda.

This section describes the method and reasoning to be employed by the reviewer in making
a determination as to RTS acceptability. For the purpose of illustration, the RTS system
as presented in Figure 7.2-1 is shown as being comprised as two identical, redundant

subsystems.

Prior to reviewing Section 7.2 of the SAR, the following background information should be
briefly reviewed, in addition to the balance of Chapter 7:

Chapter 1 of the SAR, to become familiar with the general operation of the p]ant,
from both the safety and the operational standpoints.

Chapter 4, the reactor design, in particular the nuclear design, Section 4.3, and the
thermal and hydraulic design, Section 4.4.

Chapter 5, on the design of the reactor coolant system, Sections 5.1, 5.2.1, and 5.2.2.
Chapter 6, to note the engineered safety feature provisions. -

7.2~7
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Chapter 15, to become familiar with the representative types of events for which
analyses have been documented. In particular, the effects of failures of the
protective functions, and the assumptions and initial conditions that form the bases
of the accident analyses are noted. '

Chapter 16, to become familiar with limiting conditions for operation, limiting safety
system settings (i.e., trip setpoints), and surveillance requirements that pertain to
the RTS. ‘ '

Chapter 17, to note the quality assurance considerations addressed.

The single most relevant document used in the review of the RTS is IEEE Std 279. Conformance
of the RTS to the design requirements stated in Sections 3 and 4 of this standard, together
with conformance to the requirements of the general design criteria and the functional
requirements derived from the accident analyses, will result in an acceptable design.
Guidance on the use of TEEE Std 279 is provided in Appendix A of this plan. The general .
methodology by which the reviewer conducts his review:is outlined below by addressing "key
concerns” such as redundancy, independence, single failures, capability, and testing.

1. = System Redundancy Requirements
With the assistance of the CPB and the RSB, as needed, EICSB determines that the
system redundancy requirements are satisfied. Generally, a minimum degree of redundancy
of one satisfies RTS requirements. Most RTS parameters are monitored by four sensor

channels and only two of four channels are required to initiate the RTS logic channel
protective action. '

Where it is determined that the spatial dependence of a parameter requires several
sensor channels to assure core protection, the redundancy requirements are determined
for the individual case. Once design adequacy is established, the reviewer must relate
the design requirement to the 1imiting conditions for operation in the technical-
specifications. In certain designs, for example, adequate monitoring of core power
requires a minimum number of sensors arranged in a given configuration to permit
unrestricted power operation. When, because of system degradation, the minimum number
of sensors are not available, operation must be restricted. This aspect of redundancy
must be dealt with in coordination with the CPB to establish conditions of restricted
operation. ’ ’

Another area where the redundancy requirement of the RTS may have to be defined on an
individual core basis is the allowable power operation for reactor coolant systems

that have loop isolation valves. Here, the redundancy of the instrumentation provided
on the reactor coolant system piping, and on steam generators in the case df pressurized
water reactors (PWR's), must be reviewed with the RSB to determine whether the

reactor system instrumentation redundancy (not channel redundancy) requirement has

been degraded below that on which the accident analyses are based if isolation valves
are closed.

7.2-8
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With regard to redundancy requirements considered strictly from an electrical point of
view, it is only necessary to assure that at least two redundant.logic trains {minimum
degree of redundancy of one) are proVided to initiate reactor trip. From this stand-
point the review may be reduced to a simple analysis in which redundant paths from
sensors to Togic and to actuation devices are identified to assure that the RTS
functional requirements are met. It.is pointed out that redundancy may be accomplished
by equipment that is diverse in principle so long as the same level of protection is
provided.

In this discussion on RTS redundancy, it is appropriate to reference Figure 7.2-1.
Notice that for required protective functions, the RTS sensors, initiation devices,
logic matrices, and actuation and actuated devices all must be redundant. Also note
that modules of one channel must not affect those of another channel.

Another area that must be reviewed with regard to redundancy has to do with the
measures to be included in nuclear power b]ants to deal with ATWS events. These
measures must be reviewed to assure that they are unaffected by failures that could
disable the RTS.

System Conformance with the Single Failure Criterion

In evaluating the adequacy of the RTS system in meeting the single failure criterion,
both electrical and physical independence must be considered.

a. Electrical Independence

To assure electrical independence, the design bases governing the electrical
independence of redundant sensors, logic elements, and actuation channels are
required to satisfy not only paragraph 4.6 of IEEE Std 279, which states that,
"channels that provide signals for the same protection function shall be inde-
pendent, and the likelihood of interaction between channels is considered," but
also, the requirement of paragraph 4.7.2. This paragraph requires that, “the
transmission 6f signals from protection system channels that are used for other
purposés, (non-protective) such as control or readout and indication, are
properly isolated to ensure that no credible failure at the output of an isolation
device shall prevent the associated protective channel from meeting performance
requirements." Examples of credible failures at the output of isolation devices
are provided in paragraph 4.7.2.

b. Physical Independence

To assure physical independence, the design bases governing the physical separation
of redundant equipment including sensors, cables, cable trays, racks, panels, and
control boards are required to be in accordance with Regulatory Guide 1.75,
“Physical Independence of Electric Systems." This regulatory guide sets forth
acceptance criteria for the physical separation of circuits and electrical equip-
ment that is included in the RTS.

Another review objective is to determine whether the RTS is located in seismic

Category I structures. In certain designs, RTS sensors may be located in <
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non-seismic Category I structures such as the turbine building. For these special
cases, the reviewer must assure that the most reasonable installation of sensors
and circuits is provided in regard to phyéical protection against damage from a
seismic event. Further guidance is provided by Branch Technical Position EICSB
15.

c. Single Failure Criterion

To assess the RTS acceptability with regard to the single failure criterion,
IEEE "Std 379 and Regulatory Guide 1.53 are used. Again, as was the case for
redundancy requirements, review for compliance with the single failure criterion
may. be reduced to an . analysis in which it is determined that the system can
perform all protective functions concurrent with failure of any sensor, logic
circuitry and components that meet the single failure cirterion.. IEEE Std 279,
paragraph 4.2,'provides an additional example of single faiulre criterion
application.

With regard to power requirements, the RTS must be reviewed to assure that no
failure of a power supply will result in maintaining power to the system such
that the protective function (trip) of the RTS is negated (fail-safe design).
lor example, loss.of power to a sensor channel should cause a channel - trip.
Similarly, a loss of power to a logic element or actuator channel should result
in a trip. Exception to this latter rule may be taken so long as the single
failure criterion is satisfied and the power sources required are designed as
Class IE power systems.

The RTS Togic matrices should be reviewed to determine whether redundant circuitry ‘
includes the contacts of relays or switches in mutually redundant logic ciruits.

This task can be accomplished during the OL detailed drawing review. When

violations .of the single failure criterion are found, they are to be identified to

the applicant and.corrected. The staff safety evaluation report should discuss

the final disposition of designs that are revised to'satisfy the ‘acceptance

criterion. '

The RTS equipment arrangement must be reviewed to assure that no single credible
event will result in a loss of redundant circuits or equipment. This matter is
discussed further in III.5.b, below. '

Identification of Control Boards, Equipment,.Cables, and Cable Trays .

To determine that the identification scheme used for Class IE equipment, cables, and
raceways in the plant and Class IE internal wiring in the control boards is consis-
tent with Regulatory Guide 1.75, the criteria proposed for jdentifying Class IE wiring
cables, and cable trays are reviewed. This includes such criteria as those for
distinguishing between safety-related cable trays of different channels, non-Class IE
cable which is run through Class IE cable trays, and non-Class IE cable which is not
physically associated with any Class IE division. IEEE Std 279, paragraph 4.22, also
discusses identification. Color coding is a preferred method of identification. 1In
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multi-unit paths that share source spaces, it is particularly important to retain
unit identifications along with channel identification.

System Testing and Inoperability Surveillance .

The proposed preoperational and initial startup test programs for the RTS and its
supporting systems are reviewed to verify that the proposed programs are consistent
with the requirements set forth in IEEE Std 279, IEEE Std 308 (as augmented by
Regulatory Guide 1.32), and Regulatory Guides 1.22 and 1.68.

The descriptive information as supplemented by functional logic diagrams {CP and OL)

and electrical schematics (OL) are reviewed to verify that the design has the

necessary provisions to permit testing of the RTS on a periodic basis when the reactor
is in operation. The reviewer is guided by the recommendations set forth in Regulatory
Guide 1.22 and IEEE Std 279, paragraph 4.10, in arriving at an acceptable method of
periodic testing of actuation devices (e.g., solenoids,.breakers) and actuated equipment
(control rods). The same guidance is used to review testability of all modules, relays,
permissives, bypasses, and safety-related control devices.

The descriptive information (CP and OL) and the design implementation as depicted on
electrical drawings (OL) of the means proposed for automatiéa]]y indicating, at the
system level, bypassed or deliberately inoperab]e RTS protection channels are reviewed
to ascertain that the design is consistent with Regulatory Guide 1.47 as supplemented
by Branch Technical Position EICSB 21 and with IEEE Std 279, paragraph 4.13.

Other Matters

a. The Technical Specification considerations for the RTS are outlined in SRP 7.1

b. The APCSB reviews supporting systems such as heating and ventilating component
cooling water, service water, etc. to assure that failure of these supporting
systems will not result in loss of RTS function as result.of a degraded environ-
ment. It is necessary to assure that those systems required to maintain environ-
mental conditions within the envelope for which the RTS equipment and circuits were
designed and qualified be monitored for performance. Examples of such systems
include control room and switchgear room heating and ventilating systems.

THE APCSB should also assist in determining hazardous conditions that might follow
failure of non-safety equibment in regions where RTS components and circuits are
located. Specific failures must include, as a minimum, the following: fire,
missiles, flooding, jet impingment from pipe breaks, and damage that may be

caused by failure of non-seismic Category I structures and components. The EICSB
relates these cqnditions to the ability of the RTS to retain functional capability.

c. To assure that the RTS provides adequate core protection, the CPB should confirm
that the accident analyses of SAR Chapter 15 have addressed the requirements of
IEEE Std 279, Section 3, "Design Basis." To accomplish this task, it is necessary
to confirm that the accident analyses have taken into consideration such matters
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as spatial dependences, .operational limits and margins, transient ranges, system
response times, and signal and instrument accuracies.

d. The MEB has primary responsibility for assuring that the seismic design of
Category I instrumentation and electrical equipment satisfies appropriate require-
ments. These include IEEE Std 344 and Branch Technical Position EICSB 10. EICSB
supplements the MEB by reviewing the description of the seismic qualification
test program (CP) and the results of such tests and analyses (OL) that demonstrate
the capability of Class IE instrumentation, control devices, and associated
circuits to withstand the effects of seismic event. An integrated review is
required.

IV. EVALUATION FINDINGS
The reviewer verifies that sufficient information has been provided and that the review
supports conclusions of the following type, to be included in the staff's safety evaluation

report:

"The reactor trip system includes the initiating circuits, logic, bypasses, interlocks,
redundancy, diversi;y, and actuated devices utilized to implement reactor shutdown.

The scope of the review included the descriptive information (CP and OL), functional
logic diagrams (CP and OL), functional instrumentation and electrical diagrams {CP and-
0L), and preliminary (CP) and final (OL) physical arrangement drawings and schematics.
The review has included the applicant's design bases and their relation to the proposed
design for the reactor trip system. The review has also included the proposéd means
for identification of cables and equipment, periodic testing capability, and the
qualification test program (CP) and the results (OL) for demonstrating the suitability
of the reactor trip system.

"The basis for acceptance in our review has been conformance of the applicant's designs,
design criteria, and design bases for the reactor trip system and vital supporting systems
to the Commission's regulations as set forth in the general design criteria and to
applicable regulatory guides, branch techriical positions, and industry standards. These
are Tisted in Table 7-1.

"On the basis of our review we have concluded that the reactor trip system conforms to
applicable regulations, guides, technical positions, and industry standards, and is

acceptable.”

V. REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls."

2. Standard Review Plan Appendix 7-A, "Branch Technical Positions (EICSB)."
3. Standard Review Plan Appendix 7-B, "General Agenda, Station Site Visits."

4. Regulatory Staff, "Technical Report on Anticipated Transients Without Scram,"
WASH-1270, U.S. Atomic Energy Commission, September 1973.
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APPENDIX A
STANDARD REVIEW PLAN 7.2
USE OF IEEE STD 279 IN THE REVIEW OF THE RTS

This appendix discusses the requirements of IEEE Std 279-1971, Section 4, as they are used
in the review of the RTS.

1. Section 4.1 - This section requires that the RTS perform automatically and with precision
and reliability. These requirements must be met over the full range of transient and
steady-state conditions. The system must meet these requirements in any environmental
condition expected during plant operation in which the applicant's accident analyses take
credit for the function performed by the RTS. Other criteria which set forth similar
requirements. are GDC 2, 4, 10, 13, 20, 21, and 29.

a. Automatic initiation is required for all protective functioﬁs. Manual initiation
is also provided and is a requirement. (See Section 4.17 and Regulatory Guide 1.62.)

b. The precision required in the RTS is that assumed in the accident analyses. (Precision
requirements are identified in Section 3.9 of IEEE Std 279.)

. c. Quantitative reliability information for RTS often presehtéd in NSSS topical reports.
The'reliabi1ity requirements for RTS are primari]y satisfied by related reactor
operating experience. The staff is actively pursuing the question of RTS reliability
and the potential for RTS loss of functiqn. (See Reference 5, Section V of SRP 7.2.)

d. The requirements for precise and reliable operation suggest that the RTS design should
avoid unnecessary complexity. "Unnecessary complexity" is a difficult judgement: the
reviewer should dfscus§ his concerns with the system designer in detail, and should
consult with the section leader and branch chief on this matter.

2. Section 4.2 - This section requires that the reviewer examine several different aspects of
each single failure to determine its effect.

a.. The first step in a single failure analysis is to identify components that are not
seismic Category I,‘thqse that are not qualified for accident environments, and those
that serve both safety and non—éafety systems. - Each of the non-qualified and. non-
safety grade components and systems are assumed to fail to function if failure ad-
versely affects RTS performance and are assumed to function if functioning adversely
affects RTS performance.

7.2-
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b.  The consequences of events for which the RTS is designed to provide a protective
function are examined. Al1 failures in the RTS that can be predicted to occur
as a result of the events are assumed to occur if such events adversely affect ‘
RTS performance. In general, the lack of equipment qualification may serve as a
basis to assume failures.

c. After assuming the failures of non-safety grade, non-qualified equipment and those
failures in the RTS caused by an event, any other single failure is arbitrarily
assumed and the resultant performance of the RTS is analyzed to assure that the
minimum protective function will be performed.

d. The single failure criterion abp]ies to all electric equipment. No distinction is
made between active and passive components.

e. TEEE Std 379 and Regulatory Guide 1.53 are used for additional insight to single
failure criterion analysis.

Section 4.3 - There are no specific criteria to judge the quality of the equipment used
in the RTS. However, Appendix B to 10 CFR Part 50 provides some guidance from which a
judgment may be made of the quality of equipment required for the RTS.

Section 4.4 - It is verified that each component and module has been qualified for

normal, upset (i.e., operational transient), and accident environments at its installed
location. This applies to all normal and upset conditions, but only to those accident
conditions where the components and modules provide a protective function. The components‘
must provide the accuracy, range, and response times required by the accident analyses.

SRP 3.10 and 3.11 discuss equipment qualification.

Section 4.5 - No credit should be given for "safe" failure modes in meeting this require-
ment. The comments of Section 4.4 apply. For example, if the most probable effect of a
given accident is a loss of energy supply to the RTS, it does not matter, in meeting this
requirement, whether or not the loss of energy causes the RTS to perform its protective
function. Even though GDC 23 requires that the RTS be designed to "fail safe," acceptance
of the RTS design shall not be based on an accident causing a failure, even if that
accident-induced failure accomplishes the protective function.

Section 4.6 - The requirement for channel independence applies to all portions of the RTS
that are designated as redundant channels. Independence is maintained in a number of ways.

" Physical independence is attained by physical separation and physical barriers. Electrical

independence is achieved by isolation devices and utilization of separate power sources
and other circuit devices. Verification of compliance with physical separation require-
ments may be made by comparing the design to Regulatory Guide 1.75 recommendations.

Section 4.7 - Control and protection system interaction involves more than examining their
electrical isolation and interconnection. The functional performance of control systems

must be reviewed to the extent that it is determined that a control system cannot prevent‘
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10.

proper action of a protection system. This section of IEEE Std 279, with regard to isola-
tion devices and multiple failures resulting from a credible single event, is explained by
example in the document.

Section 4.8 - This requirement is self-explanatory. A protection system that'requires loss
of flow protection would normally derive its signal from flow sensors. A designer might
elect to use an indirect parameter such as a pressure signal or pump speed. The reviewer
should review the system to determine whether the indirect parameter would be valid at all
times.

Even a directly measured variable should be reviewed and its response to postulated events
compared with the credit taken for the parameter in the events for which it provides
protection.

Section 4.9 - The most common method used to verify the availability of the RTS input
sensors is by cross checking between redundant channels that have readout available.
When only two channels of readout are provided, evaluate the applicant's analysis of the
effect of the operator choosing the incorrect readout as a basis for operator actions.

-When non-indicating sensors are used, check the test procedure to see whether a bypass

indication is provided when the sensor is disabled. Of course, this latter approach
should also be applied to indicating sensors when the design necessitates.

Section 4.10 - The extent of test and calibration capability that is provided bears heavily
on whether the design meets the single failure criterion.

a. Any failure that is not detectable must be considered concurrently with any postu-
lated, detectable, single failure.

b. Perijodic testing should duplicate, as closely as practical, the overall performance
required of the RTS. The test should confirm opérability of both the automatic
and manual circuitry. This capability must be provided to permit testing during power
operation. When this capability can only be achieved by overlapping tests, the test
scheme must be reviewed in detail to confirm that the tests do, in fact,overlap from
one test segment to another.

c. Test frequencies are acceptable if identical to frequencies recently approved on other
identical plants. Any changes made in the design or test procedures are not an
adequate basis for reducing test frequencies until after experience is gained and the
results submitted for review. '

d. Test procedures that require disconnecting wires, installing jumpers, or other
similar modifications of the installed equipment are not acceptable test procedures
for use during power operation. Check that periodic tests conducted during power
operation use only permanently installed test equipment. Also see Regulatory Guide
1.22 and Branch. Technical Positions EICSB 22, 24, and 25.
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11.

12.

13.

14.

15.

16.

17.

Section 4.11 - It is verified that tests can be conducted without initiating a protective
action at the system level, and that tests can be conducted without preventing the initiation
of a protective action at the system level. In general, it is an operational rather than a
safety problem if testing causes the initiation of a protective action. For those parts

of the RTS with a degree of redundance greater than one, testing should not require bypass
of the channel level protective action. For one-out-of-two systems, the channel protective
action may be bypassed only if initiation of the protective action would disrupt plant
operation. The bypassed channel must remain operable and operating. In these cases, verify
that an interlock is provided that prevents, even with a single failure in the interlock
circuits, bypassing both channels and that the single bypass is indicated. See Regulatory
Guide 1.22 and Branch Technical Position EICSB 24.

Section 4.12 - The requirement for automatic removal of operational bypasses means that the
reactor operator shall have no role in such removal. The operator may be required to take
action to prevent the unnecessary initiation of a protective action and this is acceptable.
In ' no circumstance should a design be approved where action or inaction of the reactor
operator is required to make available the protective actions needed in any operational

or shutdown mode of the plant.

Section 4.13 - See Regulatory Guide 1.47 -and Branch Technical Position EICSB 21 for an
explanation of this requirement as it pertains to the RTS.

Section 4.14 - In practice, administrative control is used as the basis for assuring that
access to the means for bypassing is limited to qualified plant personnel and that
permission of the control room operator is obtained to gain access.

Section 4.15 - This requirement is similar to Section 4.12. The phrase "positive means"
can be interpreted as either automatic or manual. 'In the case of manual means, the design
must be such that no action or inaction on the part of the reactor operator will prevent
the more restrictive set point from being available. It is acceptable for the design

to be such that incorrect action or inaction by the operator will cause an unnecessary
protective action or prevent placing the plant in an operating mode for which there is
inadequate protection.

Section 4.16 - "Comp]etion,of a protective action" must be defined by the applicant for the
RTS. This information should be supplied as a part of the design basis information required
by Section 3.0 of IEEE Std 279.

Generally, completion consists of causing negative reactivity to be inserted. Verify that
once initiated, the protective action will continue to completion.. Termination by deliberate
actions of the operator should never inhibit the protective action.

Section 4.17 - Regulatory Guide 1.62 describes an acceptabie method of implementing the

requirement for manual initiation of protective actions. For those designs that take no
credit (in the accident analyses) for manual initiation of protective actions, conformance
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18.

19.

20.

21.

with Regulatory Guide 1.62 is an adequate basis for acceptance. In practice, the require-
ments of IEEE Std 279 are applied to all equipment used by the operator to detect the need
for the protective action, to accomplish the protection action, and to confirm completion
of the protective action. However, it first should be established that automatic initiation
need not or cannot be provided. Cost is not sufficient justification for the lack of
automatic initiation.

Section 4.18 - See procedure above for Sectidn 4.14,

Section 4.19 - The method of identification of status at the channel level may be accom-
plished by lights, indicators, and annunciators.

Section 4.20 - The method used to establish adequacy of information readout would include
a review of the RTS system inputs to annunciators and event recorders. Engineering judge-

ment serves as the basis for acceptance.

Section 4.22 - This requirement is self-explanatory. The preferred identification method
is color coding of components, cables, and cabinets. See also Regulatory Guide 1.75.
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.3 ENGINEERED SAFETY FEATURE SYSTEMS
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Containment Systems Branch (CSB)
Reactor Systems Branch (RSB)
I.  AREAS OF REVIEW
This standard review plan (SRP) covers the portion of the protection system used to initiate
and control operation of the engineered safety feature systems and essential auxiliary
supporting systems. This portion of the protection system is called the engineered safety
feature actuation system (ESFAS).

Typical engineered safety feature (ESF) systems are:

Containment and Reactor Vessel Isolation Systems

Emergency Core Cooling Systems (ECCS)

Containment Heat Removal and Depressurization Systems

Pressurized Water Reactor (PWR)'Auxi1iary Feedwater Systems'(See SRP 7.4 for review
of the safe shutdown functions of this system)

Boiling Water Reactor (BWR) Standby Gas Treatment Systems

Containment Air Purification and'CIeanup Systems

Containment Combustible Gas Control Systems

Typical essential auxiliary supporting systems are:

Electric Power Systems (See Chapter 8 for review plans for these systems)
Diesel Generator Fuel Storage and Transfer Systems

Instrument Air Systems :

Heating, Ventilating, and Air Conditioning (HVAC) Systems for ESF Areas
Essential Service Water Systems

The descriptive information, functional control diagrams, piping and instrument diagrams,
electrical schematics (operating license stage only), and physical arrangement drawings,

USNRC STANDARD REVIEW PLAN .

Standard veview plans are prepared for the guidance of the Office of N R R staff resp. ible for the review of applications to construct and
operate nuclear power plants. These d are made ilable to the publiic as part of the Commission’s policy to inform the nuclear Industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them Is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports .
for Nuciear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as propriate, to d

and to reflect new Information and experience.

[+ nts and suggest for imp will be idered and should be sent to the U.S. Nuclear R v C i Office of N
Regulation, Washington, D.C. 20555,
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as presented in the applicant's safety analysis report (SAR), are reviewed. The objectives
are to determine that the engineered safety feature actuation system satisfies applicable
design criteria and will perform as intended during all plant operating conditions and
accident conditions for which its function is required. The most significant difference .
between the review performed for a construction permit (CP) application and that performed
for an operating license (OL) application is that the CP review can be based on a preliminary
design. The depth of detailed information need only be "sufficient to provide reasonable
assurance that the final design will conform to the design bases with adequate margin for
safety (Ref. 1}." In addition, "a construction permit...will not constitute Commission
approval of the safety of any design feature or specification unless the applicant
specifically requests such approval and such approval is incorporated in the permit

(Ref. 2)."

The review of the information presented and referenced in Section 7.3 of an SAR is primarily
directed to the engineered safety feature actuation system (ESFAS), i.e., the instrumentation
and controls used to initiate and control the opekation of the engineered safety features.
The scope of the EICSB review of Section 7.3 of an SAR includes:

1. The descriptive information, including single line diagrams (CP) and schematic diagrams
(OL) pertaining to the ESFAS. The ESFAS includes all electric and electromechanical
equipment involved in detecting a plant condition requiring operation of an ESF
system and in initiating the operation of the ESF system.

2. The descriptive information pertaining to the instrumentation and control systems for
those auxiliary supporting systems that are essential to the operation of either the
ESFAS or the ESF systems.

3. The applicant's proposed design criteria for the ESFAS and the instrumentation and
controls of essential auxiliary supporting systems.

4, The applicant's analysis of the adequacy of the proposed design criteria and design
bases for the ESFAS and the instrumentation and controls of auxiliary supporting

systems.

5. The applicant's analyses of how the design of the ESFAS and auxiliary supporting.
systems conform to the design criteria for these systems.

The RSB and the CSB review, for those ESF systems within their review responsibilities,
the following aspects of ESFAS:

(1) The adequacy of the monitored variables, i.e., the suitability of parameters, such
as pressure, for initiating operation of a given ESF system.

(2) The acceptability of the proposed trip set points.
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I1.

II11.

The APCSB will advise EICSB of any corrections to the SAR descriptions of auxiliary suppor-
ting systems essential to ESF systems and of time intervals available to initiate operation
of auxiliary supporting systems,

ACCEPTANCE CRITERIA

Acceptance criteria for the review areas of this plan are referenced in Table 7-1

(Ref. 3), which lists the general design criteria (GDC), industry standards, regulatory
guides, and branch technical positions that are applicable to the ESFAS and the
instrumentation and controls of essential auxiliary supporting systems: These documents

either establish design requirements or describe acceptable methods of implementing design
requirements. In each of these categories, some documents set forth mandatory design
criteria and others describe acceptable methods of design.

The GDC and IEEE Std 279-1971 set forth requirements that must be met by all designs for
the ESFAS. In addition, these are also used for essential auxiliary supporting system
instrumentation and ‘controls. One purpose of the review is to verify that the applicant
has committed to designing the ESFAS and the essential auxiliary supporting system instru-
mentation and controls in accordance with these mandatory criteria.

The regulatory guides are not mandatory and only set forth acceptable methods of imple-
menting the mandatory criteria. The branch technical positions are used when a particular
design problem has an identified and acceptable solution; they also are not mandatory.

Industry standards that are not endorsed by regulatory guides or incorporated in regu-
lations or technical positions, or that have not been previously used and accepted in the
licensing process, must be reviewed before they can be accepted as a sole basis for approval
of a design.. They are useful as guidance for identifying the subjects of importance to be
considered in the review of the ESFAS. In all cases, the primary basis for acceptance of
an ESFAS design is conformance to the mandatory criteria of the regulations.

REVIEW PROCEDURES
This section describes the general procedures to be followed in reviewing the ESFAS. For

simplicity, it is written for the ESFAS for a single ESF system comprised of two identical,
redundant subsystems. The same procedure should be applied to each ESF system and to each
essential auxiliary supporting system.

Background information of interest in the review of the ESFAS is found in a number of SAR
sections. ‘A list of these is given below for reference purposes. Most of -these reference

sections also provide background information for other review plans in Chapter 7.

Chapter 1 of the SAR: for familiarization with the general operation of the plant, both
safety and non-safety aspects.

Chapter 3: for a general understanding of the principal architectural and engineering
designs of those .structures, components, equipment, and systems important to safety.
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Section 3.1: for exceptions to criteria applicable to the ESFAS, and for structures

suitable for housing ESFAS equipment. I

Chapters 4 and 5: for an understanding of the reactor and the reactor coolant system and
its interconnections with the ESF systems.

Chapter 6: for the design bases, design features, and functional performance requirements
of the ESF system.

Chapter 7: for a detailed understanding of the design and operation of the ESFAS.

Chapter 9: for the design bases, design features, and functional performance requirements
of essential auxiliary supporting systems.

Chapter 15: for the courses of accidents for which the ESF system provides protective
functions, the effects of failures of the protective functions, and the assumptions and
initial conditions that form the bases of the accident analyses.

Chapter 16: for the proposed limiting conditions for operation for the ESF and the ESFAS.

It should be noted that reference to the above sections of the SAR is made to gain an
understanding of the purpose of the ESF and an understanding of how the ESF system and the
ESFAS are designed and are supposed to function. No "evaluation" should be made of these
sections, i.e., the SAR description is taken at face value.-

The next step.is to evaluate the design against the requirements of IEEE Std 279-1971, ‘
This procedure is detailed in Appendix A to this plan. The procedures in Appendix A

address only those design requirements that are specific in nature. For example, paragraph

4.9 of IEEE Std 279-1971 requires that the design include means for checking the availability

of each system input sensor during operation. Appendix A outlines a straightforward pro-

cedure that can be used to determine whether or not this requirement is met.

Appendix A discusses the requirements of IEEE Std 279-1971 and how they are used in the
review of the ESFAS and the essential auxiliary supporting systems instrumentation and
controls. Although the primary emphasis is on the equipment comprising the ESFAS, the
reviewer should consider the protéctive functions on a systems level. It serves little
purpose to approve an ESFAS design unless that design is compatible with the ESF systems
and auxiliary supporting systems and unless the design and the accident analyses are
compatible. It is not sufficient to judge the adequacy of the ESFAS only on the basis
that the design meets the specific requirements of IEEE Std 279-1971. It 1is also nec-
essary to judge the functional relationship between the ESFAS and the ESF systems
themselves.

Other requirements for the ESFAS and the instrumentation and controls of essential
auxiliary supporting systems are listed in Table 7-1. Many of these requirements are
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general in nature and this permits various designs to meet them. . For example, GOC 20
requires, in part, that the protection system be designed to sense accident conditions and

to initiate the operation of (ESF) systems important to safety. A cursory examination of

the descriptive information would be sufficient to determine whether or not the ESFAS is
designed to seénse accident conditions and initiate the ESF systems. Such general require-
ments are not detailed here as to review procedures. Specific design features and approaches
are described in the EICSB technical positions in Appendix 7-A to Chapter 7 of the review
plans.

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 a non-uniform 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 his review
supports conclusions of the following type, to be included in the staff's safety
evaluation report:

f7.3 Engineered Safety Feature Actuation Systems (ESFAS)

The engineered safety feature actuation systems include the instrumentation and con-
trols used to detect a plant condition requiring operation of an engineered safety
feature (ESF) system, to initiate action.of the ESF, and to control its operation.

The scope of review of the ESFAS for the plant

included single 1ine diagrams (CP and OL) and schematic diagrams (OL)

and descriptive information for the ESFAS and for those auxiliary supporting

systems that are essential to the operation of either the ESFAS or- the

engineered safety feature systems themselves. The review has included the applicant's

proposed design criteria and design bases for the ESFAS and the instrumentation and
controls of auxiliary supporting systems, and his analysis 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 ESFAS and auxiliary supporting systems conform to
the proposed design criteria.

"The basis for acceptance in the staff review has been conformance of the applicant's

designs, design criteria, and design bases for the engineered safety feature actuation
systems 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. These are listed in Table 7-1.

"The staff concludes that the design of the engineered safety feature actuation
systems conform to all applicable regulations, guides, branch technica] positions,
and industry standards and is acceptable."
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APPENDIX A
STANDARD REVIEW PLAN 7.3
USE OF IEEE STD 279 IN THE REVIEW OF THE ESFAS AND
INSTRUMENTATION AND CONTROLS OF ESSENTIAL AUXILIARY SUPPORTING SYSTEMS -

This appendix discusses the requirements of IEEE Std 279-1971, Section 4, as they are used in the

; review of the ESFAS and instrumentation and controls of essential auxiliary supporting systems.

1. Section 4.1 - This section requires that the ESFAS perform automatically and with precision
and reliability. These requirements must be met over the full range of transient and steady-
state conditions of the energy supply and environment during all plant conditions in which
the applicant’'s accident analyses take credit for functions performed by the ESFAS. Other
criteria which set forth similar requirements are: GDC 2, 4, 10, 13, 20, 21, and 29.

a. Automatic initiation is required for all protective functions that must be started
within a short time of the indicated need for the function. Although GDC 20 appears to
require automatic initiation of all protective functions, initiation solely by manual
means has been acceptable. However, automatic initiation is preferable for all pro-
tective functions, even though they are not needed (according to the accident analyses)
for a relatively long time. Where the protective action is initiated solely by manual

‘ means, all the actions that need or may need to be performed by the operator during the
time interval are reviewed, as are the applicant's basis for not providing automatic
initiation. In this latter regard, the cost of automaticAinitiation is not, of itself,
sufficient justification for using manual initiation. If the reviewer's judgement is
that manual initiation is sufficiently reiiab]e, then the equipment used by the operator
to detect the need for the protection function, and to verify that the protective
function has been completed, it must also meet all the requirements applicable to
automatically initiated protective functions. See also Branch Technical Position
(BTP) EICSB 20. '

b. The precision required in the ESFAS is at least that assumed in the accident analyses.

c. There are no quantitative requirements established for the reliability of the ESFAS.
The design is reviewed to identify any unusual or unique equipment that has not previ-
ously been used in nuclear plants. The "type testing" (as defined in IEEE Std 323-
1974) that demonstrates such equipment is capable of performing its function is
reviewed. The design is also reviewed to assure that no unnecessary interlocks, time
delays, or other complexities are introduced in the ESFAS circuits. Where such features
do exist, the applicant's design bases and performance analyses should be reviewed to
determine that the reliability of the ESFAS is not significantly reduced by the
inclusion of such features.

‘ 2. Section 4.2 - This is the most fundamental of all the requirements that the ESFAS must meet.
‘ It is inherent in other criteria such as GDC 21, 22, 24, 34, 35, 38, 41, 44, 54, 55, and 56.
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In evaluating ESFAS conformance with this requirement, the reviewer must examine several
different aspects of each single failure to determine its effect. The time of occurrence
of the failure and the plant conditions prevailing at that time can significantly alter

the effects of any single failure.

a. The first step in a single failure analysis is to identify components that are not
seismic Category I, those that are not qualified for accident and post-accident
environments, and those that serve both safety and non-safety systems and whose
failure can affect the performance of or create the need for the EFSAS. Each of the
non-qualified and non-safety grade systems and components are assumed to fail to
function if failure adversely affects ESFAS performance and are assumed to function
if fgnctioning adversely affects ESFAS performance.

b. Next, the consequences of the events for which the ESFAS is designed to provide
protective functions are examined. A1l failures that can be predicted to occur as a
direct or consequential result of an event are assumed to occur if such failures
adversely affect ESFAS performance. In general, lack of adequate environmental or
seismic qualification testing is sufficient basis to assume a direct or consequential
failure of equipment.

¢. After assuming the failures of non-safety grade, non-qualified equipment and those
failures caused by an event, any other single failure in the ESFAS or its auxiliary
supporting systems is arbitrarily assumed and the resultant performance of the ESFAS
is analyzed to assure that the minimum protective function will be performed. ‘

d. In choosing thé postu]atéd failure to be analyzed, no distinction is made between
active and passive components in electrical systems. Further, electrical equipment
serving mechanical components that are not required to function in a given event is
treated the same as electrical equipment serving "active" mechanical components,
i.e., those that must function. (See also BTP EICSB 18.)

e. The meaning of redundancy is discussed in IEEE Std 379 and Regulatory Guide 1.53.
Basically, to be considered redundant, there must be no communication, either directly
or indirectly, between two systems that can perform the same function. Thus, two
systems, each of which can perform a protective function, are not redundant (and
therefore do not meet the single failure criterion) if the failure of one system
affects in any way the performance of the other system. This includes starting (or
not starting) one system by sensing the failure (or operation) of the other system.

3. Section 4.3 - There are at present no specific criteria to judge the quality of the equip-
ment used in the ESFAS. However, Appendix B to 10 CFR Part 50 provides some guidance from

which a judgment may be made of the quality of equipment required for the ESFAS.

4. Section 4.4 - Standard Review Plans 3.10 and 3.11 discuss the evaluation of equipment
qualification. In reviewing the ESFAS, check that each component or module of the ESFAS has
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been qualified for normal, accident, and post-accident environments at its installed
location. This applies to all normal conditions but only to those accident conditions where
the component or module provides a protective function.

Section 4.5 - This requirement is similar to Section 4.4 discussed above. No credit should
be given for "safe" failure modes in meeting this requirement. For example, if the most
probable effect of a given accident is a loss of energy supply to an ESFAS, it does not
matter, in meeting this requirement, whether or not the loss of energy causes the ESFAS to
perform its protective function. Even though GDC 23 requires that the ESFAS be designed to
"fail-safe," .acceptance of the ESFAS design should not be based on an accident causing a
failure, even if that accident-induced failure accomplishes the protective function.

Section 4.6 - The requirement for channel independence applies to all portions of the ESFAS
that are designated as redundant channels. Verification of compliance with this requirement
and the recommendations of Regulatory Guide 1.75 and IEEE Std 384-1974 concentrates on
points of interface between redundant ESFAS components and interfaces between the redundant
portions of the ESFAS and non-safety grade systems. For example, switches common to redun-
dant portions of the ESFAS are reviewed for physical independence between redundant switch
sections and for the effects on redundant systems caused by a single malpositioned switch.
Also reviewed are the functional performances of isolation devices to assure that no failure
in non-safety circuits can disable safety functions.

Section 4.7 - The interaction of control systems and the ESFAS involves more than examining
the electrical interconnection of control systems with the ESFAS. The functional performance
of appropriate control systems must also be reviewed to determine whether their effect on
plant conditions can indirectly affect the performance of the ESFAS or the ESF. For example,
if a cooling water system is used to supply both safety and non-séfety equipment, the
controls for the cooling water system must be examined to determine whether failure could
lead to insufficient cooling water being supplied to the ESF or the ESFAS during an accident.
" (Also see Branch Technical Position (BTP) EICSB 27.)

Note that if failure of a system serving both safety -and non-safety systems can lead to a
condition requiring action by the safety system, then in addition to the failure creating
the need for safety action, the ESFAS must be designed to withstand any other simultaneous
single failure. :

Section 4.8 - This requirement is self-explanatory. In addition, it must be verified that -
the measured variable is the variable that is used in the accident analyses.

Section 4.9 - The most common method used to verify the availability of the ESFAS input
sensors is by cross checking between redundant channels that have readout available. When
only two channels of readout are provided, evaluate the applicant's analysis of the effect

of the operator choosing the incorrect readout as a basis for this action.

Where non-indicating sensors are used, check the test procedure to see whether a bypass
indication is provided when the sensor is disconnected from the process system.
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10.

11.

12.

13.

Section 4.10 - The extent of test and calibration capability that is provided bears heavily
on whether the design meets the single failure criterion.

a. Any failure that is not detectable must be considered concurrently with any postulated,
detectable, single failure.

b. Periodic testing should duplicate, as closely as practical, the integrated performance
required from the ESFAS, ESF systems, and their essential auxiliary supporting systems.
If such a "system level" test can be performed only during shutdown, the testing done
during power operation must be reviewed in detail. Check that "overlapping" tests do,
in fact,overlap from one test segment to another. For example, closing a circuit
breaker with the manual breaker control switch may not be adequate to test the ability
of the ESFAS to close the breaker.

c. Test frequencies are acceptable if identical to frequencies recently approved on other
identical plants. Any changes made in design or test procedure are not an adequate
basis for reducing test frequencies until after experience is gained and the results
submitted for review.

d. Test procedures that require disconnecting wires, installing jumpers, or other similar
modifications of the installed equipment are not acceptable test procedures for use
during power operation.. Check that periodic tests conducted during power operation use
only permanently installed test equipment. See also Regulatory Guide 1.22 and BTP

EICSB 22, 24, and 25. ‘

Section 4.11 - Verify that tests can be conducted without initiating a protective action at
the system level, and that tests can be conducted without preventing the initiation of a
protective action at the system level. In general, it is an operational rather than a

safety problem if testing causes the initiation of a protective action. For those parts of
the ESFAS with a degree of redundancy greater than one, testing should not require bypass of
the channel level protective action. For one-out-of-two systems, one channel may be bypassed
only if initiation of the protective action would disrupt plant operation and the other
channel remains operable. In these cases, verify that an interlock is provided that pre-
vents, even with a single failure in the interlock circuits, bypassing both channels and

that the single bypass is indicated. See also Regulatory Guide 1.22 and BTP EICSB 24.

Section 4.12 - The requirement for automatic removal of operational bypasses means that the
reactor operator shall have no role in such removal. The operator may be required to take
action to prevent the unnecessary initiation of a protective action and this is acceptable.
In no circumstances should a design be approved where action or inaction of the reactor
operator is required to make available the protective actions needed in any operational or
shutdown mode of the plant. '

Section 4.13 - See Reg. Guide 1.47 and BTP EICSB 21 for an explanation of this requirement
as it pertains to the ESFAS, ESF systems, and auxiliary supporting systems.
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14.

15.

16.

18.

19.

Section 4.14 - 'In practice, administrative control is used as the basis for assuring that
access to the means for bypassing is limited to qualified plant personnel and that permission
of the control room operator is obtained to gain access.

Section 4.15 - This requirement is similar to Section 4.12. The phrase "positive'means"

can be interpreted as either automatic or manual. In the case of manual means, the design
must be such that no action or inaction on the part of the reactor operator will prevent the
more restrictive set point from being available. It is acceptable for the design to be such
that incorrect action or inaction by the operator will cause an unnecessary protective '
action or prevent placing the plant in an operating mode for which there is inadequate
protection (as defined by the accident analyses). See BTP EICSB 12 for specific guidance on
set point changes required with a reactor coolant pump out of service.

Section 4.16 - For the ESFAS, “comp1§tion of a protective action” must be defined by the
applicant for each ESF system. This information should be supplied as part of the design
basis information required by Section 3.0 of IEEE Std 279-1971.

Generally, completion consists of starting or energizing the components in the ESF system.
Verify that once initiated, the protective action will continue until terminated by
deliberate actions of the operator and that operator action cannot prevent the initiation of
the protective action when the ESFAS determines the need for that action. Exception:
"pull-to-lock" control switches have been acceptable even though their manipulation could
prevent the protective action from going to completion.

Section 4.17 - Regulatory Guide 1.62 describes an acceptable method of implementing the
requirement for manual initiation of protective actions. For those designs that take no
credit (in the accident analysis) for manual initiation of protective actions, conformance
with Regulatory Guide 1.62 is an adequate basis for acceptance.

For those protective actions which are initiated solely by manual means, there are no
specific criteria to judgelacceptance at present. In practice, the requirements of IEEE Std 279
are applied to all equipment used by the operator to detect the need for the protective
action, to accomplish the protection action, and to confirm completion of the protective
actions. However, it first should be established that automatic initiation need not. or
cannot be provided. Cost is not sufficient justification for the lack of automatic
initiation. In judging the adequacy of any manual initiation features, the other tasks that
the operator may be required to perform should be determined and then a judgment made as to
whether it is reasonable to rely on the operator to perform all necessary actions. In most
situations,automatic actuation, backed up by provisions for manual initiation or manual
termination, is more reliable than manual initiation alone, no matter how much time is
available to take the protective action.

Section 4.18 - See procedure above for Section 4.14.

Sections 4.19 and 4,20 - Other than the requirements for indication and identification of
channel and system level protective actions, there are no specific implementation guidelines
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by which to judge the adequacy of a design with respect to the requirements for status
indication. Evaluate the applicant's discussion of how the ESFAS designs conform to these
requirements. Acceptance is based on the reviewers's engineering judgement. .

See also SRP 7.5 for a discussion of review procedures for safety-related display instrumen-
tation.

20. Section 4.22 - This requirement is self-explanatory. The preferred identification method
is color coding of components, cables, and cabinets. See also Regulatory Guide 1.75.
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.4 SYSTEMS REQUIRED FOR SAFE SHUTDOWN
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Controi Systems Branch (EICSB)

Secondary - Reactor Systems Branch (RSB)

Containment Systems Branch (CSB)

Auxiliary and Power Conversion Systems Branch (APCSB)

Mechanical Engineering Branch (MEB)

Quality Assurance Branch (QAB)

I. AREAS OF REVIEW

The systems reviewed under this plan are those instrumentation and control systems associated
with parts of the nuclear steam supply system (NSSS) used to. achieve and maintain a safe
shutdown condition of the plant. The specific arrangement of these parts of both the
primary and secondary loops of the NSSS depends on the type of plant (pressurized water
reactor, PWR; boiling water reactor, BWR; etc.) as well as on individual plant design
features, and the conditions under which the safe shutdown has to be achieved and main-
tained. There are two kinds of shutdown conditions; hot shutdown and cold shutdown. A
hot shutdown is a stable condition of the reactor achieved shortly after a programmed or
emergency shutdown (scram) of the plant has taken place. A cold shutdown is a stable
condition of the plant achieved after the residual heat removal process has brought the
primary coolant temperaturé below 200°F. In either case, it is necessary that reactivity
control systems maintain a subcritical condition of the core and that residual heat
removal systems operate to maintain adequate cooling of the core. For a precise definition
of both shutdown conditions for a specific plant, see Chapter 16, "Technical Specifications,"
in the applicant's safety analysis report (SAR).

Examples of systems required for achieving and maintaining a safe shutdown are the auxiliary
feedwater system, the residual heat removal system, and the boric acid transfer system
(for PWR's).

The review of the instrumentation and control systems associated with the various parts of the
NSSS required for safe shutdown, along with the equipment required for their proper alignment
from the main control room or from other locations outside the control room, is the responsi-
bility of the EICSB. The review includes the sensors, initiating circuitry, logic bypasses,

USNRC STANDARD REVIEW PLAN

v

Standard review plans are prepared for the guidance of the Oftice of N staff resp ible for the review of applications to construct and
operate nuclear power plants. These d are made le to the public as part of the Commission’s policy to inform the nuclear industry and the
general publilc of r Yy p d and polici Standard .review plans are not substitutes for regulatory guides or the Commission’s regulations and

complisnce with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as app: (! to and to reflect new information and experience.

and { for i will be i d and should be sent to the U.S. N R vy C ission, Office of N
Regulatmn Washlnmnn D.C. 2“55

11/24/75



interlocks, redundancy features, and actuated devices of those systems and auxiliaries
which provide the necessary instrumentation and control functions. The EICSB review should
confirm that the systems required for safe shutdown, as defined above, and their supporting
systems will perform design functions as reguired for plant shutdown and conform to all
applicable acceptance criteria.

The descriptive information contained in the SAR, including single Tine diagrams, electrical
schematics, piping and instrumentation diagrams (P&ID's), and physical arrangement diagrams
are reviewed to ascertain that the systems required for safe shutdown meet the acceptance
criter}a listed in Section Il of this plan. For a construction permit (CP) review, a
commitment to meet these criteria, together with a preliminary design, can suffice in

cases where the design of these systems has not been completed. For an operating license
(OL) review, however, the actual design and its implementation should be verified to meet
these criteria.

The EICSB review includes the following specific items:

1. The redundancy of power sources, logic, and instrumentation provided for the openra-
tion and status monitering of systems required for safe shutdown. This requires the
review of the descriptive information contained in the ‘SAR, functional diagrams.,
electrical schematics, and P&ID"s.

2. The ability of systems required for safe shutdown to function after :sustaining a
single failure. This requires the review of the descriptive ‘information and -diagrams
as in (1) above, and in addition the drawings showing the physical layout of the )
instrumentation, control equipment, and cabling, the design criteria for physical ‘.
separation of redundant electrical equipment and cabling, the design criteria ‘for
providing control and motive power to these systems, the control arrangements for
controlled electrically-operated valves, and provisions for sharing of electrical
systems between units in multi-unit plants.

3. The criteria for design of instrumentation and electrical equipment, cabling, cable
trays, and structures housing parts of the systems required for safe shutdown.

4, The environmental qualification of the electrical and instrumentation equipment and
cabling.

5. The online testability of the systems and indication of bypassed or inoperable status
of the systems required for safe shutdown.

The APCSB should evaluate the adequacy of those auxiliary systems required for the proper
operation of the systems required for safe shutdown. These include systems concerned with
compressed air requirements, reactor coolant chemistry, boron concentration, lighting, air
conditioning, etc. In particular, the APCSB should determine that the piping, ducting, and
valving of redundant vital auxiliary supporting systems meet the single failure criterion.
In addition, the APCSB should review the physical arrangement of components and structures

7.4-2 "lll'

11/24/75



II.

related to the systems required for safe shutdown and their supporting systems, and
determine that single events will not disable these systems.

The CSB should review the containment ventilation and atmosphere control systems provided
to maintain required environmental conditions for electrical and instrumentation equipment
associated with the systems required for safe shutdown and located inside containment.

The MEB review should confirm that the seismic qualification of instrumentation and
electrical systems is acceptable. This includes the design criteria and testing methods:
and procedures employed in the seismic design and installation of Category I instrumen-
tation and electrical equipment.

The RSB should review the systems identified as required for safe shutdown, and confirm.
that the configuration and design bases of these systems are correct, and that all design
paramaters such as temperature, pressure, flow rate, and reactivity can be controlled
within acceptable limits. This information should be provided to the EICSB. For situations
where shutdown is to be accomplished from locations outside of the main control room, the
RSB review should establish the adeguacy of needed systems and any differences in system
alignment or operation that are required to achieve: and maintain safe shutdown.

The QAB review should verify that the quality assurance program proposed by the applicant
includes the systems required for safe shutdown.

ACCEPTANCE. CRITERTA

The design materials, qualifications. testing, and surveillance: of systems. required for
safe: shutdown are covered by several general design: criteria (GDC), IEEE standards,
regulatory guides, and: branch technical positions. A List of applicable criteria, stand-
ards, guides, and technical positions is. given in Table 7-1 and Appendix 7-A, attached to
the standard review plans. for Chapter 7.

The instrumentation and control systems: required for safe shutdown are acceptable when it
is: determined that these systems satisfy the following requirements:

1. They have the: required redundancy.
2.  They meet the single failure: criterion..

3. They have the required capacity and reliability to perform intended safety functions
on demand.

&4, They are capable: of functioning during and after certain design basis events such as
earthquakes, accidents, and anticipated operational occurrences.

5. They are testable during reactor operation.
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The criteria 1isted in Table 7-1 are utilized as the bases for determining that these

requirements are met. How these criteria are applied during the review process is

discussed in Section IIL of this plan. The applicability of the acceptance criteria to .
the review of the systems required for safe shutdown is as follows:

1. System Redundancy Requirements
GDC 26, 33, 34, and IEEE Std 279 specify the requirements that systems required for
safe shutdown, among others, must meet with regard to all operating conditions (such
as loss of offsite power), so that they can perform their safety function assuming a

single failure. If a determination is made that the systems required for safe shut-
down meet the requirements of these criteria, they are acceptable in this regard.
Electrical and physical independence requirements as discussed in Standard Review
Plans (SRP) 7.2 and 7.3 should be met.

2. Conformance with the Single Failure Criterion
IEEE Std 279, IEEE Std 379, and Regulatory Guide 1.53 provide recommendations and
guidance for meeting the single failure criterion. Regarding the application of the

single failure criterion to the design of manually-controlled electrically-operated
valves, the acceptability of proposed designs is based on Branch Technical Position
EICSB 18.

3. Identification of Cables, Cable Trays, and Instrument Panels
The method used for identifying power and signal cables and cable trays as safety-

related equipment, and the identification scheme used to distinguish between redundant
cables, cable trays, and instrument panels should be in accordance with the recommen-
dations of Sections 5.1.2 and 5.6.3 of Regulatory Guide 1.75, "Physical Independence
of Electric Systems," and Section 4.2.2 of IEEE Std 279. Color coding is a preferred
method of identification.

4. Vital Supporting Systems

The instrumentation, control, and electric equipment associated with the auxiliary
systems that support the systems required for safe shutdown should meet the same
acceptance criteria as for the systems they support.

5. System Testing, Quality Assurance, and Surveillance
GDC 1, 21, IEEE Std 279, IEEE Std 336, and Regulatory Guides 1.22, 1.47, and 1.68
contain the applicable acceptance criteria with regard to preoperation and periodic
testing, quality assurance, and design provisions for indicating the availability of

systems required for safe shutdown and essential auxiliary supporting systems.

For the areas of review identified in Section I as responsibilities of other branches, the
applicable acceptance criteria are included in the corresponding review plans. :

REVIEW PROCEDURES
The main objectives of the review of systems required for safe shutdown are to determine

that the design of these systems includes the required redundancy; meets the single

o
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failure criterion; provides the required capacity and reliability to perform intended
safety functions on demand; and provides the capability to function during and after
design basis events such as earthquakes and anticipated operational occurrences.

For a CP review, the descriptive information contained in the preliminary safety analysis
report (PSAR), including the design bases and their justification with regard to the
acceptance criteria, electrical single line drawings, and P&ID's are reviewed to determine
that the basic design features and the commitments made provide assurance that the final
design will meet the acceptance criteria. During tne OL stage of review, it is verified
that the acceptance criteria are met through review of the final electrical and instrumen-
tation drawings and the physical layout drawings, and a site visit, during which a spot-
check verification of the design is performed. In order to verify that the acceptance
criteria are satisfied, the review is performed in accordance with the following specific
procedures.

A major portion of the systems required for safe shutdown are also used as engineered safety
feature (ESF) systems, as discussed in SRP 7.3. A major portion of the systems required
for safe shutdown are also used as engineered safety feature (ESF) systems, as discussed

in SRP 7.3. This plan includes the safe shutdown systems configurations which are not part
of ESF systems or result from a realignment of ESF systems. The RSB and APCSB confirm the
acceptability of the proposed configuration and the redundancy required for systems
required for safe shutdown as specified in GDC 26, 33, 34. The descriptive information,
including the electrical one-line diagrams and P&ID's (for CP and OL reviews) and electrical
schematics (for the OL review) should be reviewed to verify that the necessary redundancy
is provided.. This should include instrumentation channels used to sense vital parameters
such as temperature, pressure, water level, etc.; the associated Togic and -actuated

devices; and the motive and control power sources.

Conformance with the single failure criterion as specified by IEEE Std 279 and Regulatory
Guide 1.53 is verified by review of the same information as for redundancy and may be
done, to some extent by necessity, at the same time. The guidance provided by Regulatory
Guide 1.53 is excellent for ascertaining that a given design is single failure proof. A
particularly important but subtle point to check is one cited in Position 4 of Regulatory
Guide 1.53, wherein a single d-c source supplies control power for one channel of system
logic and for the redundant actuator circuit.

Certain areas of review need close coordination between primary and secondary review branches
in order to make a determination that a specific aspect of the design meets the applicable
criteria. Seismic qualification of Class IE equipment, flood protection of safety-related
systems and components, and effects of high energy fluid line breaks inside containment or
near safety-related equipment are the major areas for which branch coordination is essential
in evaluating the acceptability of a given design feature.

For a multi-unit plant where electrical systems are shared, thus resulting in more and
complex interaction modes, a fault-tree and decision-tree analysis may be required from
the applicant to show that a single failure or a single event resulting in multiple
failures will not result in unacceptable consequences with respect to the capability of
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systems required for safe shutdown to perform safety functions when required. Additional
guidance with regard to the single failure criterion as it relates to shared electric power
systems is given in the review plans for Chapter 8.

For the case of manual]y-contro]]ed'e]ectrica11y-operated valves in these systems, the
acceptability of the proposed design is based on satisfying Branch Technical Position
EICSB 18. This position basically states that it is acceptable to disconnect electric
power to a safety-related valve as means of removing the possibility of an active failure
of that valve. ‘

Regulatory Guide 1.75 provides guidance for satisfying the acceptance criteria with respect
to the identification of power and signal cables, cable trays, and instrument panels related
to systems required for safe shutdown. The criteria for identification and separation of
redundant systems discussed in Regulatory Guide 1.75 are presented in sufficient detail to
make their application self-explanatory.

Gbc 1, 21, 22, and 23, IEEE Std 279, IEEE Std 336, and Regulatory Guides 1.22, 1.47, and

~ - 1.68 provide the requirements that the design of systems required for safe shutdown must
meet with regard to preoperational and periodic inservice testing. The primary review _
responsibility for the preoperational testing is with the QAB. Periodic testing and downtime
restrictions are specified in the technical specifications. The review procedures for tech-
nical specifications are covered in SRP 7.1,

Another important area to be reviewed is the remote or local control stations that are
required by GDC 19 for the safe shutdown of the plant in case the main control room becomes
uninhabitable. Plant designs should provide for control stations in locations removed from
the main control room that may be used for manual control and alignment operations needed

to achieve and maintain a hot shutdown and subsequently to be able to achieve a cold
shutdown. Equipment required for safe shutdown should be operable from local control panels.
Access to these local control panels should be under strict administrative controls. The
design of these control stations should provide appropriate readouts so that the operator
can monitor the status of the shutdown. Typical readouts are steam generator level, steam
generator pressure, pressurizer pressure, pressurizer level, and auxiliary feedwater flow.

The remote control stations and the equipment used to maintain safe shutdown should be
\ designed to accommodate a single failure. Equipment located at these stations which is

required for safe shutdown should be capable of operating independently (without interaction)
of the equipment in the main control room. The design should be such as to prevent a single
failure in the main control room or the cable spreading room from defeating the capability
for affecting safe shutdown from the remote control stations, and vice versa. The remote
control station equipment should be designed to the same standards as the corresponding
equipment in the main control room, including appropriate IEEE criteria. Control transfer
devices should be Tocated away fram the main control room and cable spreading areas, and
their actuation should cause an alarm in the control room.
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An important part of the review is the engineering drawing review at the OL stage. The
drawing review should:

1. Verify that a complete set of drawings has been submitted that inc]ude; logic diagrams,
P&IDs, and location layout drawings for these systems. '

2. Verify that the submitted drawings represent the actual system designs and 1ayouts'for
the particular plant, and that those drawings submitted as "typical" of a system are
so identified.

3. Verify that the design and layout meet the applicable criteria listed under Section II
of this plan.

The environmental qualification of components and cabling of systems required for safe
shutdown should be the same as for the ESF systems discussed in SRP 7.3.

An applicant may choose to take exceptions to some of the acceptance criteria in the branch
technical positions, guides, IEEE standards (other than IEEE Std 279, which is a mandatory
requirement) and propose alternate ways of meeting the GDC requirements (which are mandatory).
Any exceptions to the criteria are evaluated on an individual case basis. Exceptions are

Jjudged on the basis of the proposed design providing an.equivalent level of safety and
conservatism.

In general, the applicant will have design criteria that supplement or clarify the mandatory
«criteria. In the evaluation of such criteria, the reviewer can use the guidance listed
i@bove to determine whether the applicant's design criteria are adequate.

iRor the purpose of the [EICSB review, no distinction 'should be made between the design
«criteria for systems required for safe shutdown and the criteriia for the instrumentation
iand controlls fer @ssential auxiliary supporting systems.

Certain sysmemtaesﬁgns and design features are submitted on @ generic basis in the form of
topical reports. fRéference to a topical wmeport is an acceptable alternative to submitting
information iin @an application for a CP or @an OL. Generally:; topical reports pertain to
standardized ;systems and qualification tesits. iIf<a referevced topical report has been
accepted :after staff review, the subjects of ithe report smuld not be reviewed again in
connectionswitha particular application. If the referented topical report has not been
reviewediup ‘to ithe time of the application review, it should be reviewed and treated in the
same manner <as ithe SAR itself. It may be necessary to assure coenformance to irequirements
by getting -additional information and justifications from the applicant. If the ‘topical
report ‘has been rejected, then the applicant should be so advised @and requested to submit
informationcor<design changes that are acceptable,

References other than topical reports should be dbtained from ithe Wilbrary or other sources,
or the applicant asked to supply a copy.
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A site visit and inspection should be performed before the evaluation findings are written
for an OL. A site inspection should include a spot-check verification that the design and
layout criteria reviewed during the drawing review are actually implemented at the hardware
assembly stage. A site visit should be coordinated with the licensing project manager and
the regional office that has jurisdiction over the geographic area in which the plant is
located. Specific items to be considered include:

1. Separation and identification of redundant safety-related instrdmentation channels,
cabling, cable trays, and instrument rack terminations.

2. Separation of actuating switches in control panels for redundant safety-related equip-
ment such as inboard and outboard isolation valves, coolant pumps, diesel-generator
sets, etc.

3. Testability provisions and calibration procedures for instrumentation channels required
for safe shutdown.

4. Adequacy of local control panels for remote shutdown, especially with regard to
sufficient monitoring channels and actuating devices that the operators would need to
perform and maintain a safe shutdown.

For a full outline of topics for a site visit, see Appendix 7-B to this Chapter.

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
a non-uniform 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 submitted and the review supports
conclusions of the following type, to be included in the staff's safety evaluation report:

"The review of systems required for safe shutdown includes the sensors, initiating
circuitry, logic elements, interlocks, redundancy features, actuated devices, and
auxiliaries that provide the instrumentation and control functions that prevent the
reactor from returning to criticality and provide means for adequate residual heat
removal from the core, containment, and other vital components and systems.

"The scope of review of systems required for safe shutdown for the plant included
single line diagrams (CP and OL) and schematic diagrams (OL) and descriptive
information for these systems and for auxiliary systems essential for their operation.
The review has included the applicant's proposed design criteria, design bases, and
analyses. The review has also included the applicant's analyses of the manner in
which the design of these systems and their auxiliary supporting systems conform to
the proposed design criteria.
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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 systems required for safe shutdown and
essential supporting auxiliaries to the Commission's regulations as set forth in the
general design criteria, and to applicable regulatory guides, branch technical
positions, and industry standards. These are listed in Table 7-1.

"The staff concludes that the design of systems required for safe shutdown conforms to
the applicable regulations, guides, technical positions, and industry standards and is

acceptable."

V.  REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls."

2. Standard Review Plan Appendix 7-A, “Branch Technical Positions (EICSB)."

3. Standard Review Plan Appendix 7-B, "General Agenda, Station Site Visits."
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.5 SAFETY-RELATED DISPLAY INSTRUMENTATION
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Reactor Systems Branch (RSB)
Core Performance Branch (CPB)
Auxiliary and Power Conversion Systems Branch (APCSB)
Mechanical Engineering Branch (MEB)
Quality Assurance Branch (QAB)
Containment Systems Branch (CSB)

1.  AREAS OF REVIEW
Information presented in the applicant's safety analysis report (SAR) is reviewed by the
staff to determine that the design of safety-related display instrumentation (SRDI) required
for safe functioning of the plant during operating and accident conditions is in conformance
with applicable regulations, guides, branch technical positions, and industry standards and
is consistent with the accident analysis assumptions of Chapter 15 of the SAR., For con-
struction permit (CP) applications, the applicant's descriptive information for the SRDI
should include commitments to meet applicable requirements and should present fﬁ11 Justifi-
cation for any exceptions takgn.

For operating license (OL) reviews, the information presented should include the following:

1. Tables of system variables and components to be indicated and recorded (including
accuracies and ranges of instruments).

2. Functional control diagrams or other means of illustrating the redundancy of monitored
variable and component sensors and channels, the capability for sensor checks, and the —

means for verifying operability of monitoring system channels.

3. Electrical distribution diagrams illustrating electrical isolation of redundant sensors
and channels.

4. - Physical layout drawings illustrating separation of redundant indicating instruments.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of N Ri R lation staff r ible for the review of applications to construct and
opara(u nuclear power plants. These d. are mudo ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
'] 1 public of I Y P o8 and polici dard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The nnndard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to d and to reflect new inf

and

C and suggesti for imp will be idered and should be sent to the U.S. Nucl: Reg y Ci ission, Office of Nucl
Regulation, Washington, D.C. 20555.
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II.

5. Component and module quality and performance documentation, with particular emphasis
on equipment used for post-accident monitoring.

6. Descriptions of the means for jdentifying redundant elements (such as cable, cable tray, ‘
component, module, and interconnecting wiring identifications).

7. Schematic and control panel display diagrams illustrating system level automatic bypass
indication for deliberately bypassed safety-related components or systems.

Other EICSB areas of review associated with SRDI systems that are covered elsewhere are as
follows:

1. Environmental design and qualification testing of electrical equipment are addressed
in Standard Review Plan 3.11. '

2. Technical specification requirements imposed upon the operation of the SRDI are dis-
cussed in Standard Review Plan 7.1.

The RSB identifies any changes or corrections to the listing of engineered safety feature

and reactor coolant system variables and components that require indication, by examining

the tables of SAR Section 7.5 that describe the information display (including accuracy

and range requirements of indicating instrumentation) required by the operator to perform

manual safety functions. The CPB identifies any changes or corrections to the listing of

reactor variables that require indication, and the APCSB identifies "balance of plant"

variables and components that require indication and,where necessary,states the required '
locations of the indicators.

The MEB reviews, in SAR Section 3.10, the criteria for seismic qualification and the test
and analysis procedures and methods to assure the operability of the SRDI.

The QAB reviews, in SAR Chapter 17, the quality assurance procedures to be used by the
applicant in the design, construction, installation, and maintenance of the SRDI.

ACCEPTANCE CRITERIA

The safety-related display instrumentation design is acceptable when it can be concluded
that it conforms to the criteria listed in Table 7-1 and that the operator will be provided
with sufficient information to perform required manual safety functions should such action
be necessary. Specific points with regard to these criteria are detailed below.

1. The SRDI should cover appropriate variables, consistent with the assumptions for
accideht analyses and with the information needs of the operators in normal, transient,
and accident conditions. The design of the SRDI should conform to the recommendations
of Branch Technical Position EICSB 23. The accuracy and range of indicating instru-
mentation should be consistent with the assumptions of the accident analyses. Any
exceptions to these requirements-will be referred to the appropriate branch for
resolution on an individual case basis.

®
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A1l monitoring channels should be redundant, to assure that wrong indication due to
device malfunction will not cause false action or inaction on the part of the operator.
Identification malfunctions can be identified by cross checking between redundant
channels.

Redundant channels of indicating instrumentation should be isolated physically and
electrically to assure that a single failure will not result in complete loss of infor-
mation about a monitored variable. Single failures might include such possible faults
as shorting or opening circuits or interconnecting signal or power cables. It also
includes single credible malfunctions or events that might cause a number of subsequent
component, module, or channel failures. The post-accident SRDI should be capable of
operating from onsite power. If signals from the post-accident monitoring equipment
are used for control, the required isolation devices will be classified as part of the
post-accident monitoring instrumentation. No credible failure at the output of an
isolation device should prevent the associated monitoring channel from meeting minimum
performance requirements considered in the design bases.

Capability should be provided for checking, with a high degrée of confidence, the

operational availability of each system input sensor during reactor operation. An

acceptable way of accomplishing this would be by:

a. Perturbating the monitored variable and observing the resulting indications.

b. Introducing and varying a substitute input to the sensor of the same nature as the
measured variable. '

c. Cross checking between channels that bear a known relationship to each other and
that have readouts available.

For channels which monitor a normally static parameter, provisions should be made to
allow periodic testing in accordance with Regulatory Guide 1.22, thereby verifying
channel operability.

An indication system should be provided covering bypassed or deliberately inoperable
conditions of safety systems. Guidelines for the indication system are provided in
Regulatory Guide 1.47 and Branch Technical Position EICSB 21.

Cables, cable trays, components, modules, and interconnectihg wiring should be identi-
fied. The method used for identification and the scheme used to distinguish between
redundant cables, cable trays, components, modules, and interconnecting wiring are
acceptable if they are in accordance with the recommendations of Regulatory Guide 1.75.

Components and modules should be of a quality consistent with the reliability require-
ments for safety-related systems. An acceptable quality would be that of components
and modules that have been previously used in similar service conditions and have
demonstrated low maintenance requirements and failure rates. Other means to demon-
strate acceptable quality would be through analysis and testing of components and
modules, in accordance with criteria cited in Table 7-1.
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8. In order to assure that the requirements of General Design Criterion 1, "Quality
Standards and Records," are met in the SRDI, the quality assurance program must
satisfy the requirements of IEEE Std 336-1971, as amplified by Regulatory Guide 1.30.

9. For those areas of review identified in Section I of this plan as being the responsi-
bility of other branches, the acceptance criteria are included in the applicable
sections of the review plans of those branches.

II1. REVIEW PROCEDURES
The objectives in the review of the SRDI are to determine that the plant display instru-
mentation is designed, constructed, and installed in accordance with the design criteria
outlined in Section II of this plan. In the CP review, the descriptive information,
including the design bases and their relation to the criteria, preliminary analyses, piping
and instrumentation diagrams (P&ID's), functional control diagrams, preliminary electrical

- diagrams, and preliminary physical arrangement drawings are examined to determine that

there is reasonable assurance that the final implementation will meet all criteria. At the
OL stage, the objectives are verified by review of the tables of variables and components
to be monitored, indicated, and recorded; functional control diagrams, P&ID's, and
electrical distribution diagrams; physical layout drawings; component and module quality
considerations; the identification scheme for redundant systems; and the procedures for
maintenance and checking of the availability of each system.

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 a non-uniform placement of emphasis are the introduction of new design features or the
utilization in the design of design features previously reviewed and found acceptable.

The review steps are as follows:
1. Based on information provided by the RSB, CPB, CSB, and APCSB with regard to variables

that need to be monitored and on Branch Technical Position EICSB 21, the 1ist of
monitored variables (if available) in the SAR is checked for sufficiency. In addition,

the accuracy and range of the monitors are checked against the plant accident analyses -

as noted in II.1, above.

2. Functional control diagrams and P&ID's are reviewed to establish that the redundancy
is sufficient, so that false indication due to malfunction of anhindicating device
should not lead to an undesirable manual action. In reviewing the P&ID's, the reviewer
verifies that redundant sensors for each monitored variable are identified. After
establishing sensor redundancy, the functional control diagrams are reviewed tol
ascertain that redundancy is maintained through the system logic down to the indicating

devices.

3. Since independence from offsite power is required for post-accident SRDI, emphasis
is piaced on the electrical distribution system supplying power to post-accident SRDI.
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Electrical distribution diagrams are reviewed to establish that redundant instrument
channels are supplied from redundant electrical distribution channels of the emergency
power supply. In addition, electrical schematic diagrams (as appropriate) are reviewed
to ascertain that there is no interconnecting wiring between redundant channels whose
failure (open or short circuit) could cause the simultaneous loss of fedundant channels.
Also, through the schematic diagrams, the reviewer ascertains that devices that isolate
signals used for both safety indication and control are properly identified as part of
the safety system and that a failure at the output of the isolation device does not
prevent the associated monitoring channel from pgrforming its safety function. Quali-
fication of isolation devices is covered in the review of Sections 3.10 and 3.11 of

the SAR.

4, Physical layout drawings (such és control room panel layouts, local panel layouts,
sensor locations, instrument cabinet 1ayou§‘drawings, penetration'drawings, and cable
routing drawings) are reviewed to estab]isﬁ_that phyéicai indepehdence is maintained
between redundant channels of the SRDI. The control room pahe] 1éyout drawings are
examined to determine that the minimum separation distance between redundant equip-
ment and circuits internal to the control boards is in accordance with Section 5.6 of
Regulatory Guide 1.75. Local panel layout drawings_are examined on the same basis.
Sensor Tocation drawings are examined to determine that the connections to the process
system are sufficiently separated, in accordance with Section 5.8 of Regulatory Guide
1.75, to assure functional capability despite any single design basis event. The
separation recommendations of Section 5.6 of this guide also apply to instrument
cabinets (the layout drawings are examined to determine that the minimum separation
distance between redundant equipment and circuits internal to the cabinets is provided).
The procedure for review of penetfation drawings and cable routing drawings is discussed
in SRP 8.3.

5. With regard to the quality of components, there are at present no specific criteria to
judge the quality of equipment used in the SRDI. However, Appendix B to 10 CFR Part
50 provides some guidance from which a judgment may be made of the quality of equip-
ment required for the SRDI. ’

6. The procedure for reviewing the identification scheme proposed by the applicant to
distinguish between redundant reactor protection system elements (including SRDI) is
described in SRP 7.3.

7. The applicant's final design and installation of the SRDI is examined (schematic
diagrams, wiring diagrams, installation drawings, etc.) to determine that the system
includes the capability of periodic tests or checks to assure availability during
operation. '

. EVALUATION FINDINGS

The reviewer confirms that sufficient information has been provided and the review supports
conclusions of the following type, to be included in the staff's safety evaluation report:
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"The safety-related display instrumentation provides the operator with information on

the status of the plant to allow manual safety actions to be performed whenever

necessary. The scope of review of safety-related display instrumentation included .
tables of system variables and component states to be indicated, functional control

diagrams (CP and OL), electrical and physical layout drawings (OL), and descriptive

information. The review has included the applicant's proposed design criteria and

design bases, including that for indication of bypassed or inoperable safety-related

systems. The review also has included the applicant's analyses of the manner in which

the design of safety-related display instrumentation conforms to the proposed design

criteria.

"The basis for acceptance in the staff review has been conformance of the applicant's
designs, design criteria, and design bases for safety-related display instrumentation
to the Commission's regulations as set forth in the general design criteria, and to
applicable regulatory guides, branch technical positions, and industry standards. These
are listed in Table 7-1.

"The staff concludes that the design of safety-related display instrumentation for
the plant conforms to applicable regulations, guides, technical

positions, and industry standards and is acceptable."

V.  REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls.”

2. Standard Review Plan Appendix 7-A, "Branch Technical Positions (EICSB)." ’

[
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.6 ALL OTHER INSTRUMENTATION SYSTEMS REQUIRED FOR SAFETY
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Core Performance Branch (CPB)
Reactor Systems Branch (RSB)
Containment Systems Branch (CSB)
Auxiliary and Power Conversion Systems Branch (APCSB)
Mechanical Engineering Branch (MEB)
Quality Assurance Branch (QAB)

I. AREAS OF REVIEW : .
The group of instrumentation systems reviewed under this plan are those required for safety
that are not identified as part of the reactor protection system, engineered safety features
systems, safety-related display instrumentation systems, or systems required for safe shut-.
down. They consist to a large extent of groups of interlocks intended to protect other
vital systems from potentially damaging transients during normal operation and under accident
conditions. Examples of such systems are cold water interlocks, refueling interlocks,
interlocks that prevent overpressurization of low pressure systems, reactor vessel instru-
mentation, and accumulator valve interlocks. They also include the process and effluent
radiological monitors which should be reviewed for the adequacy of their seismic design,
redundancy and emergency power (See SRP 11.5).

The review of these systems encompasses the sensors, initiating circuits, logic elements,
bypasses, interlocks, redundancy and diversity features, actuated devices, testing pro-
visions, and equipment qualifications. '

The EICSB has primary responsibility for the review of these systems. The review should
confirm that these systems and essential supporting systems will perform design functions
when required during all applicabie operational and emergency conditions of the plant, and
that the design of these systems conforms to all applicable acceptance criteria.

The descriptive information contained in the applicant's safety analysis report (SAR),
including single 1ine diagrams, electrical schematics, piping and. instrumentation diagrams

(P&IDs), and physical arrangement diagrams, is reviewed to ascertain that "other
instrumentation systems required for safety” meet the acceptance criteria discussed in

USNRC STANDARD REVIEW PLAN

Standard review plans are prapared for the guidance of ths Office of I staff r ible for the reviaw of applications ta construct and
operate nuclear power plants. These d are made to the public as part of the Commiulon s policy to inform the nuclear industry and the
general public of Y p dures and dard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The d review plan are keyed to Ravision 2 of the Standard Format and Content of Safety Analysis Reports

for Nuclear Power Plants. Not all sections of the Standard Format have s carresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to d and to reflect new information and experience.

C and i for impr will be and should be sent to the U.S. N R y C i Office of N R
Regulation, Washington, D.C. 205655.
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Standard Review Plan (SRP) 7.1 and listed in Table 7-1. For a construction permit (CP)
review, a commitment to meet these criteria can suffice in cases where the design of these
systems has not been completed. For an operating license (OL) review, however, the actual

design must be found to meet these criteria..
As a part of the primary review responsibility of the EICSB, it should be verified that:

1. The necessary redundancy of power sources, logic, and instrumentation are provided
for the operation and status monitoring of "other instrumentation systems required
for safety." This requires the review of the descriptive information contained in the
SAR, functional diagrams, electrical schematics, and P&IDs.

2. The "other instrumentation systems required for safety" can perform necessary func-
tions after sustaining a single failure. This requires review of the information as
in (1) above, together with the drawings showing the physical layout of the electrical
and instrumentation equipment and cabling. The review also involves verification that
the design criteria for physical separation of redundant electrical equipment and
cabling are acceptable, the design criteria for providing control and motive power
to these systems are acceptable, and the single failure criterion has been inc]udéd
in the design considerations for manually-controlled electrically-operated valves.

3. The instrumentation and electrical equipment, cabling, cable trays related to, and
structures housing parts of "other instrumentation systems required for safety" are
designed in accordance with criteria required for Class IE and seismic Category I
systems and structures, respectively. Also, proper identification of equipment,
cabling, and cable trays to include color-coding in addition to alphanumeric markings

is verified.

4, Environmental qualification of the electrical and instrumentation equipment and cabling
has been established by tests and analyses showing that the equipment involved can
perform needed safety-related functions in environments that may déve]op as a result
of design basis accidents or anticipated operational occurrences.

It should be established that the seismic qualification program is acceptable to the
MEB as discussed in SRP 7.1 and later in this Section. It should be verified that

all electrical and instrumentation equipment of "other instrumentation systems required
for safety? have been included in the seismic qualification program.

5. On-line testability of the systems and indication of bypassed or inoperable status of
the systems required for safety are provided.

The APCSB should evaluate the adequacy of those auxiliary systems required for the proper

operation of "other instrumentation systems required for.safety.". These include compressed
air systems, air conditioning systems, heat tracing systems, etc. In addition, the APCSB
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should review the physical arrangement of components and structures related to "other instru-
mentation systems required for safety" and supporting systems, and determine that single
events will not disable redundant parts ofithese systems. The CPB will verify that boron
dilution rates achievable, or the accidental startup of an unborated or cold reactor coolant
loop, result in acceptable reactivity insertion rates as discussed in SRP 4.3.

The CSB should review the containment ventilation and atmosphere control systems provided
to maintain environmental conditions required for operation of electrical and instrumenta-
tion equipment associated with "other instrumentation systems required for safety" and
located inside containment.

The MEB review should confirm that the seismic qualification of the instrumentation and
electrical systems is acceptable. This should include the seismic design criteria,
analyses, testing précedures,_and restraint measures employed in the seismic design and
installation of Category I instrumentation and electrical equipment including trays, control
room boards, and instrument racks and panels, as covered in SRP 3.10.

The RSB review should identify "other instrumentation systems required for safety" and
confirm that the configuration and design bases of the systems are correct, and that design
parameters such as temperature, pressure, flow rate, and reactivity can be controlled
within acceptable limits. Information should be provided to the EICSB as to any corrections
needed in the SAR and any exceptions to acceptance criteria taken by the applicant.

The QAB review should verify that the quality assurance program proposed by the applicant
includes "other instrumentation systems required for safety."

ACCEPTANCE CRITERIA

The design, materials, qualification testing, and surveillance of "other instrumentation
systems required for safety" are covered by several general design criteria (GDC), IEEE
standards, regulatory guides, and branch technical positions which are applicable in whole
or in part. A list of the applicable criteria, standards, guides, and branch positions is
given in Table 7-1 and Appendix 7-A to this chapter.

The "other instrumentation systems required for safety" are acceptable when it is deter-
mined that these systems satisfy the following requirements:

1. They have the required redundancy.
2. They meet the single failure criterion.

3. They have the required capacity and reliability to perform intended safety functions
on demand.

4. They are capable of functioning during and after certain design basis events such as
earthquakes, accidents, ana anticipated operational occurrences. h
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5. They are testable during reactor operation.

The criteria listed in Table 7-1 are utilized as the bases for determining that these
requirements are met and that the "other instrumentation systems required for safety" are

acceptable. How these criteria are applied during the review process is discussed in
Section III of this plan. Specific points with regard to the acceptance criteria are
detailed below.

1.  System Redundancy Requirements
GDC 26 and 33 and IEEE Std 279 specify the requirements that "other instrumentation
systems required for safety," among others, must meet with regard to all operating

conditions (such as loss of offsite power), so that they can perform needed safety
functions assuming a single failure. If a determination is made that these systems
meet the requirements of these criteria, they are acceptable with regard to redundancy
requirements.

2. Conformance With the Single Failure Criterion
IEEE Std 279, IEEE Std 379, and Regulatory Guide 1.53 provide that safety systems
should be capable of performing needed safety functions after sustaining a single

failure. Regarding the application of the single failure criterion to the design of
manually-controlled electrically-operated valves in safety systems, the acceptability
of proposed designs is based on Branch Technical Position EICSB 18. This position
states that it is acceptable to disconnect electric power to a éafety-re]ated valve
as means of designing against an active valve malfunction.

3. Identification of Cables and Cable Trays .

The method used for identifying power and signal cables and cable trays as safety-

related equipment, and the identification scheme used to distinguish between redundant
cables, cable trays, and instrument panels should be in accordance with the recommenda-
tions of Regulatory Guide 1.75.

4, Vital Supporting Systems

The instrumentation, control, and electric equipment associated with auxiliary systems
that support "other systems required for safety" should meet the same acceptance
criteria as the systems they support.

5. Testing, Quality Assurance, and System Availability Surveillance
GDC 1 and 21; IEEE Stds 279, 336, and 338; and Regulatory Guides 1.22, 1.47, and 1.68
contain the applicable acceptance criteria with regard to preoperational and periodic

testing, quality assurance, and design provisions for indicating the availability of
"other instrumentation systems required for safety."

For the areas of review identified in Section I as review responsibilities of other
branches, the acceptance criteria are included in the corresponding standard review plans.

7.6-4

11/24/75




I11.

REVIEW PROCEDURES

The review is conducted to ascertain that the designs of "other instrumentation Systems
required for safety" (or design commitments in the case of CP's) are acceptable in terms
of the acceptance criteria listed in Section II. The main objectives of the review of
these systems are to determine that they include the required redundancy, meet the single
failure criterion, provide the required capacity and reliability to perform intended
safety functions on demand, and can function during and after certain design basis events
such as earthquakes, accidents, and anticipated operational occurrences.

For a CP application, the descriptive information contained in the preliminary safety
analysis report (PSAR), including the design bases and their justification with regard

to the acceptance criteria, accident analyses, electrical single line and P&ID's, are
reviewed to determine that the basic design features and the commitments made at this
stage provide assurance that the final design will meet the acceptance criteria. During
the OL review, it is verified that the acceptance criteria are met through review of the
final electrical and instrumentation drawings and the physical layout drawings, and a site
visit during which a spot-check verification of the design is performed.

The various elements of the review are carried out as follows:

1. The descriptive information in the SAR, including the electrical one-line and P&Ip's
(for CP and OL reviews), and electrical schematics (for the OL review), is
reviewed to verify that the necessary redundancy is provided. This review includes
instrumentation channels used to sense vital parameters such as temperature, pressure,
water level, etc., the associated logic and actuated devices, and the motive and
control sources. '

2. Conformance with the single failure criterion as specified by IEEE Std 279, IEEE Std
379, and Regulatory Guide 1.53 is verified by review of the same information as for
redundancy and may be done, to some degree by necessity, at the same time. The
guidance provided by Regulatory Guide 1.53 is excellent for ascertaining that a given
design is single failure proof. A particularly important point to check is one cited
in Position 4 of Regulatory Guide 1.53, where a single d-c source supplies control
power for one channel of system logic and for the redundant actuator circuit.

3. For a multi-unit design where electrical systems are shared, resulting in more and
complex interaction modes, a fault-tree and decision-tree analysis may be requested
from the applicant to show that single failures, or single events resulting in
multiple failures, will not result in unacceptable consequences with respect to the
capability of "other instrumentation systems required for safety" to perform safety
functions when required. Additional guidance with regard to the single failure
criterion is given in SRP 7.2 and 7.3.
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4. For manually-controlled electrically-operated valves in safety-related systems, the
acceptability of proposed .designs is based on Branch Technical Position EICSB 18.
This position basically states that it is acceptable to disconnect electric power ‘
to a safety-related valve as means of removing the possibility of an active failure
of that valve.

5. Regulatory Guide 1.75, and more specifically, Sections 5.1.2 and 5.6.3 provide guidance
for satisfying the acceptance criteria with respect to the identification of power
and signal cables, cable trays, and instrument panels related to “"other instrumentation
systems required for safety.” The criteria for identification and separation of
redundant systems as discussed in Regulatory Guide 1.75 are presented in sufficient
detail to make their application self-explanatory., GDC 1 and 21; IEEE Stds 279,
336 and 338; and Regulatory Guides 1.22, 147, and 1.68 provide the requirements that
the design of these systems must meet with regard to preoperational and periodic
testing. The primary review responsiblity for preoperational testing is with the
QAB. Periodic and downtime restrictions are specified in the technical specifications.
The review procedures for technical specifications are covered in SRP 7.1.

6. The process of aligning various systems for certain modes of operation may involve the
interconnection of high pressure and low pressure systems. During normal operation,
these systems must be isolated from one another. For example, the residual heat
removal (RHR) system of some reactor designs is interfaced with the high pressure
reactor coolant system. There should be two isolation valves in series, with diverse
interlocks that will prevent operation of these valves unless the primary reactor
coolant pressure is below a predetermined value. For a detailed description of the

isolation requirements, see Branch Technical Position EICSB 3.

7. The main steam line radiation monitoring system in boiling water reactors is provided
to monitor the gross release of fission products in the reactor coolant and initiate
protective action if the level of such release exceeds a predetermined level. The
reviewer should assure that the instrumentation channels provided for this purpose
are divided into two redundant and independent groups. Also, the two groups should
be powered from independent power channels of the emergency power system.

Normally, four gamma-sensitive channels are provided to monitor the radiation level

in the main steam lines. The reviewer should assure that the geometric arrangement
and physical location of these is such that a fission product release will be

detected with any number of main steam lines in operation, and that it will be
detected at the earliest possible time following a fuel failure. It is important that
the failure of any one of these four channels will not result in an inadvertent
action. The initiating logic should be checked to make sure that this is the case.
The reviewer should verify that the design has provisions for testing and that
operability can be adequately tested.

8. The reviewer should verify that the "other instrumentation systems required for
safety" have been qualified to operate under normal, operational transient, accident,
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10.

J
and post-accident environmental conditions and that they satisfy the recommendations:
of IEEE std 33. The reviawer also verifies that equipment and structures related to
these systems are seismically qua1ified or designed, and the seismic qualification
and analysis program submitted by the applicant is acceptable to the MEB and EICSB.
The environmental qualification of components and cabling of these systems should
be the same as for the systems discussed in SRP 7.3 and 3.11.

An important part of the review is the engineering drawing review. A drawing review
should include the following:

a. Verification that a complete set of drawings has been submitted that includes
logic diagrams, P&ID's, and location layout drawings for these systems.

b. Verification that the submitted drawings represent the actual system designs
and layouts for the particular plant, and that those intended to be "typical" of
a system are so identified.

c. Verification that the design and layout meet the applicable criteria listed in
Section II of this plan.

A site visit and inspection should be performed before the evaluation findings are
written for OL reviews. A site inspection should include spot-check verifications
that the design and layout criteria are actually implemented at the hardware
assembly stage. A site visit should be coordinated with the licensing project
manager and the regional office that has jurisdiction over the plant. Items to
investigate during the visit include:

a. Separation and identification of redundant safety-related instrumentation channels,
cabling, cable trays, and instrument rack terminations.

b. Separation of actuating switches in control panels for redundant safety-related
equipment such as inboard and outboard isolation valves, coolant pumps, diesel-
generator sets, etc. '

c. Testing. provisions and calibration procedures for instrumentation channels
.required for safety. '

See Appendix 7-B to this chapter for a complete outline of items to be covered in site

visits.

In certain instancés, 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 a non-uniform placement of emphasis are the introduction of new design features or the

utilization in the design of design features previously reviewed and found acceptable.
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IV.  EVALUATION FINDINGS
EICSB verifies that sufficient information has been submitted and that the review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

“"The other instrumentation systems required for safety" consist of safety-related
instrumentation systems not identified as parts of the reactor protection system,
engineered safety features systems, safety-related display instrumentation systems, or
systems required for safe shutdown. They are, to a large extent, groups of interlocks
intended to prbtect other vital systems from potentially damaging transients during
normal operating and accident conditions.

“Their review encompasses the sensors, initiating units, logic, bypasses, interlocks,
redundancy and diversity features, actuated devices, testing provisions, and equipment
qualifications. The review includes single line diagrams (CP & OL), schematic
diagrams (OL), and descriptive information on this group of systems and supporting
auxiliaries that are essential for their operation. The review has included the
applicant's proposed design criteria and design bases and analyses of the manner in
which the design of these systems conform to the proposed design criteria and are
adequate.

"The basis for acceptance in the staff review of these systems has been conformance of
the applicant's designs, design criteria, and design bases to the Commission's
regulations as set forth in the general design criteria, and to applicable regulatory
guides, branch technical positions, and industry standards. These are listed in

Table 7-1.

"The staff concludes that the design of these systems conforms to applicable regula-
tions, guides, technical positions, and industry standards, and is acceptable.”

V.  REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls."

2. Standard Review Plan Appendix 7-A, "Branch Technical Positions (EICSB)."

3. Standard Review Plan Appendix 7-B, "General Agenda, Station Site Visits."
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 7.7 CONTROL SYSTEMS NOT REQUIRED FOR SAFETY
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Reactor Systems Branch (RSB)
Quality Assurance Branch (QAB)
I. AREAS OF REVIEW .
The areas reviewed in this section'of the applicant's safety analysis report. (SAR) include
such control systems as the primary system pressure, temperature and water level controls,
feedwater controls, and main turbine controls. The intent of the review is to assure that
failures of these would not impair the protection system capability in any significant
manner. Since the control systems of interest may vary from plant to plant depending on
individual designs, the applicant should identify all such systems and provide analyses to
support their classification as non-safety-related control systems.

The EICSB will review the following aspects of the non-safety-related control systems:
the circuit-to-circuit failure modes of a single non-safety control system and their
effect on the protection system, and gross failure modes of non-safety control systems
and their functional effect on the protection system.

The APCSB and RSB provide assistance in verifying that all control systems have been
1dentifiéd'and that the input signal parameters for the control systems are correct. The
RSB determines that the control systems identified in this section are not required for
safety and that no credit is taken in the plant accident analyses for the control systems
identified as non-safety in this section.

The QAB verifies that the quality assurance program implemented for control system compo-
nents, where necessary, is adequate.

IT. ACCEPTANCE CRITERIA
The control systems not required for safety are acceptab]é if failures of control
system components or total systems would not significantly affect the ability of plant
safety systems to function as required, or cause plant conditions more severe than
those for which the plant safety systems are designed.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guldance of the Office of staffr ible for the review of applications to construct and
operate nuclear power plants. These d. are made to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guldes or the Commission’s regulations and
compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans wlll be revised periodically, as appropriate. to accommodste comments and to reflact new information and experience.

C and suggesti for imp will be ed and shouid be sent to the U.S. Nucl R vy C ission, Office of
Regulation, Washington, D.C. 20656.
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Table 7-1 of this plan 1ists ghose deneral cesign Criteria (GDC) of Appendix A to 10 CFR
Part 50, and standards of the Institute of Electrical and Electronic Engineers (IEEE)
that are used as references in arriving at this conclusion. GDC 13 and 24 and IEEE Std
279, Section 4.7, are of special importance among these references.

1. €Conformance 'with GDC 13 for Instrumentation and Control Requirements.
Tinstrumentation :should be provided to monitor variables and systems over their antici-
ipated iranges for normal operation and for anticipated operational occurrences as appro- -
jpriate ‘to minimize challenges to safety systems. Appropriate controls should be
provided ito madintaiin these variables and systems within prescribed operating ranges.

2. {Conformance with 'GDC 24 for Separation of Control Systems from Protection Systems.
‘The protectiion system shall be separated from control systems to the extent that
failure ©of iany single contrel system component or channel which is common to control
and jprotection systems shall not violate the reliability, redundancy, and independence
wequirements «of the protection 'system. The interconnecitions between the protection and
:control system :shaild ibe Timited 'so as to assure that safety is not sigmificantiy

‘impaired.

3. Conformance ito IEEE Std 279, :Section 4.7 for Control and Protection System Interaction.
The direct «circuit-to-~circuit .and -functiional interactions between control -and ipro-
itection systems ifor wsingle irandom ‘or multiple “failures #n the control system :shall
'not ‘prevent ithe iprotection system «channel frommeeting the minimum ;performance
‘requirements specified in ‘the design 'bases.

1IT. 'REVIEW -PROCEDURES
1.  The objectives tin the review are:

a. Torestablish that control :systems identified :as ‘being mnon-safety-related,
which.may include; depending on plant design, the primary isystem pressure,
‘temperature, ‘and feedwater -controls, steam generator :water ilevel controls,
7and main turbine controls are, in fact, not required *for plant safety.

b. To verify that no credit is ‘taken for the operability of ithese control :systems
inithe plant -accident analyses in Chapter 15 .of ‘the SAR.

c. To assure that - failures of these control systems would not ‘impair the -capabil-
ity of :the protection system in any significant manner or cause plant condi-
tions more severe than those for which the plant safety systems are designed.

d. Toc<establish that control system designs-meet applicable requirements of .the
general design criteria and -industry standards with regard to independence

between -control and protection functions.

2. In the-.construction permit (CP) review the descriptive information 1ncTuding the
design bases.and .préliminary analyses, are reviewed to determine that there is
reasonable assurance-that the final design will.meet ithese objectives. The RSB
and APCSB identify the systems whose control system designs are to be reviewed
and verify thatnocwredit is taken for their operability in the plant accident
analyses. EICSB reviews the descriptive informationiprovided for those systems
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at the CP stage to assure that control and protective functions are adequately
separated and to assess the effects of control system failures, or to verify that
commitments are made that such failures will be included in the plant safety design
bases.

At the operating 1icense (OL) stage, the objectives in (1) above are verified

during the review of control system schematics. At the OL stage, EICSB reviews
electrical schematic drawings for these control systems as necessary to assure that
adequate attention has been given to the separation of control and protective
functions and to possible effects of failures of these systems. The review includes
interactions between control systems and effects on plant operation and safety
systems due to control system malfunctions or failures.

A typical review procedure for pressurized water reactor (PWR) primary and secondary
control system functions follows:

a. The primary system pressure is maintained within specified limits by the use
of pressurizer heaters and spray valves. The primary pressure control system
description and schematics are reviewed:

(1} To confirm that the system will maintain the primary coolant pressures
within prescribed 1imits for normal and transient operating conditions.

(2) To determine the effects of loss of power to the pressurizer heaters and
spray valves.

(3) To determine the effects of loss of air to any pneumatically-operated
valves in the spray system.

Assistance as needed is obtained from the RSB in evaluating these items.

b. To meet the requirements of GDC 24 and Section 4.7 of IEEE Std 279 on control
system interactions with the protection system, loss of primary pressure
control function is analyzed. Assistance is obtained from RSB in establishing
the sequence of events that would follow. The evaluation should show that
failure of the primary pressure control system would not significantly degrade
the capability of the protection system. Also, the reviewer determines that
where a random failure in the pressure control system results in a plant
condition requiring protective action and can also prevent proper action of a
protection channel designed to protect against the condition, the remaining
redundant channels will provide the protective action even when degraded by
another random failure.

¢. The system description and contrel schematics of the feedwater regulating,
system are reviewed for failure modes of the system components. Assistance is
obtained from the RSB and APCSB iini identifying the control function parameters.
The system actions are established for less of air to the feedwater' control
valves and malfunction in the feedwater heater bypass valves. The reviewer
should verify that manual override: of the automatiic. control is designed into
the: system. ‘

d.  The reviewer evaluates the effects of multiple faiillures in control systems:
resuliting firom: singlle events. Failiures: iim the: secondary system water level
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Iv.

(i.e., feedwater flow and steam generator water level) controls are analyzed along
with failure in the primary coolant pressure control, where a single event

can cause these multiple failures. With the assistance from the RSB and APCSB

the reviewer determines that control function failures of both primary pressure
and secondary water level controls would not. prevent the minimum required

number of reactor protection system channels from tripping the reactor.

5. The following aspects of main turbine control systems are reviewed:

a. The reviewer verifies that the turbine overspeed protection system is designed
with redundant speed sensing instrumentation and logic circuitry, so as to ensure
that no single failure would prevent the overspeed trip system from operating.
The overspeed trip system should have the capability to permit online testing of
jts instrumentation and logic circuitry when the turbine is in operation.

b. The controls that provide for automatic turbine runback on receipt of appropriate
signals from the reactor systems are reviewed for the following points:

(1) The signals should be redundant, with independent power supplies.

(2) Physical independence should be maintained between redundant initiating
circuits.

(3) Although redundancy is not practical in the final device, the signals
should actuate different control devices.

(4) The final actuating device should be of high reliability.

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 a non-uniform 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
At the CP stage, it should be established that the information and commitments documented

in the preliminary safety analysis report (PSAR) provide reasonable assurance that the
final designs of non-safety-related control systems will conform with the intent of
this plan.

At the OL stage, sufficient design detail of these control systems is reviewed to deter-
mine adequate conformance. Exceptions to the acceptance basis given in Section II are
identified, with a statement as to how these exceptions provide a conservative basis for
engineering design of the affected control systems.

The reviewer verifies that sufficient information has been submitted and the review supports
conclusions of the following type, to be included in the staff's evaluation report:

"The staff has reviewed the controls for systems not required for safety, to deter-
mine the affects of failures or malfunctions of these controls on the reactor pro-
tection system and other plant safety-related systems. We conclude that failures
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or malfunctions of these controls would not be expected to degrade the capabilities
of plant safety systems in any significant degree, or to lead to plant conditions
‘ more severe than those for which the safety systems are designed."

V.  REFERENCES
1. Standard Review Plan Table 7-1, "Acceptance Criteria for Controls.”

®
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‘NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

APPENDIX 7-A BRANCH TECHNICAL POSITIONS (EICSB)

The EICSB Branch Technical Positions {(BTP"s) represent quidelines intended *to supplement the
acceptance criteria established in Commissiion ‘reguiations and regulatory guides, :and in ap-
pilicable TEEE standards. The BTP"s ioriginate in %echnicdﬂ'prob1ems«of<questﬂonssof inter-
>,preta't1'on that arise in the detaiilled reviiews of iplant desiigns. The :staff must make a judge-
iment in each such :case, in :order ito icompilete its wreview:0f the particular iapplicaition. ‘Where
the same ‘technicaill iproblem or :question «0f interpretation :arises in .several «cases, the staff's
Judgement on ‘the point at Fssue ‘is Formaliized in.a BTP. The BTP is primarily an finstruction

to staff reviewers ithat routlines ian acceptable approach to ithe partiicular issue and @ensures a
uniform treatment iof ithe issue by staff reviewers. “The approaches itaken iin the IBTP's, like ithe
recommendations of iregulatory Qu'ides, are not mandatory, ‘but «do proviide defined, ;acceptable, :and
immediate .solutions to some of ‘the itechnical problems :and questions «©of iinterpretation that arise
in the review iprocess. In :some instances,regulatory ‘guides may be :developed from BTFP's after a
sufficient iexperience #in itheir wse thas accumulated.

A11 EICSB BTP's ;applicable to Chapters 7 and 8 have been rcollected iin ithis Appendix for «conve-
nience, They are listed tbelow:

Branch Technical Positions of ‘the Electrical.,
BTP EICSB JInstrumentation and Control Systems Branch

1. Backfitting of the Protection and ‘Emengency Power Systems -of
Nucilear Reactors.

2. Diesel-Generator Reliability Qualification Testing.

3. JIsolation of Low Pressure :Systems *From ‘the High Pressure Reactor
"Coolant System.

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

5. Scram Breaker Test Requirements - Technical Specifications.

‘USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nuc) R R tation staff r ible for the review of applications to construct and
operate nuclear power ptants. These d. are made i to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies.'Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard'review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants: Not all sections of the Standard Format have a corresponding review.plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to- reflect new information and experience.

C and suggesti for impr will.be idered and should be sent to thelU.S. 1l Reg y C i Office of N
Regulation, Washington{D.C, 20555.
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6. Capacity Test Requirements of Station Batteries - Technical Specifications.

7. Shared Onsite Emergency Electric Power Systems for Multi-Unit Generating ‘
Stations.

8. Use of Diesel-Generator Sets for Peaking.

9. Definition and Use of "Channel Calibration" - Technical Specifications.

10. Electrical and Mechanical Equipment Seismic Qualification Program.

1. Stability of Offsite Power Systems.

12. Protection System Trip Point Changes for Operation with Reactor Coolant

Pumps Out of Service,

13. Design Criteria for Auxiliary Feedwater Systems.

14. | Spurious Withdrawals of Single Control Rods in Pressurized ﬂater Reactors.

15. Reactor Coolant Pump Breaker Qualification.

16. Control Element Assembly (CEA) Interlocks in Combustion Engineering
Reactors.

17. ‘ Diesel-Generator Protective Trip Circuit Bypasses.

18. Application of the Single Failure Cr%teria to Manua11y-Contro11ed Elec-

trically-Operated Valves.

19. Acceptability of Design Criteria for Hydrogen Mixing and Drywell Vacuum
Relief Systems.

20. Design of Instrumentation and Controls Provided to Accomplish Change-
over from Injection to Recirculation Mode.

21. Guidance for Application of Regulatory Guide 1.47.
22. Guidance for Application of Regulatory Guide 1.22.
23. Qualification of Safety-Related Display Instrumentation for Post-

Accident Condition Monitoring and Safe Shutdown.

24. Testing of Reactor Trip System and Engineered Safety Feature Actuation
System Sensor Response Times.
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25.

26.

27.

Guidance for the Interpretation of General Design Criterion 37 for
Testing the Operability of the Emergency Core Cooling System as a
Whole.

Requirements for Reactor Protection System Anticipatory Trips.

Design Criteria for Thermal Overload Protection for Motors of Motor-
Operated Vailves.
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BRANCH TECHNICAL POSITION EICSB 1
BACKFITTING OF THE PROTECTION AND EMERGENCY POWER SYSTEMS OF NUCLEAR REACTORS ‘

A.  BACKGROUND
The acceptance criteria used by the staff in the evaluation of protection and emergency power
systems undergo improvement from time to time. With each change it is necessary to deter-
mine whether previously approved designs should be modified (backfitted) to meet the revised
criteria. This determination is made on the basis of whether a significant incremental
increase in safety of the plant would be obtained that would justify the various diffi-
culties of the change. )

The actions which raise'the question of possible backfitting are:

1. Application for a full-term operating license for plants now operating with a
provisional operating license.

2. Evaluation of a significant plant modification proposed by the staff or the licensee.

3.  Application for a full-term operating license for plants now operating under DOD 91-B
exemptions.

B.  BRANCH TECHNICAL POSITION
For cases falling in the categories 1-3 in (A),dbove the following apply;

1. Instrumentation and electric equipment essential to safety which must function in an
accident environment should be analyzed or tested to demonstrate this capability. .

2. Protection circuits essential to safety should meet the single failure criterion of
Section 4.2 of IEEE 279. ’

3. Where d-c power is required for safety, redundant d-c¢ sources should be provided anﬁ
the d-¢ circuits should meet the single failure criterion.

4. For reactor plants supplying electric power to electric utility grids, redundant
sources of onsite a-c power should be provided and the a-c circuits should meet the
single fai1ure criterion. This aspect of the design of research and test reactors
should be evaluated on an individual case basis.

C.  REFERENCES
1. Note for P. A. Morris from E. G. Case, August 6, 1971.
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BRANCH TECHNICAL POSITION EICSB 2
DIESEL-GENERATOR RELIABILITY QUALIFICATION TESTING

BACKGROUND

The increase in standby electrical generating capacity required for safety loads of the
current large water-cooled power reactors has caused several applicants to propose standby
power source design using diesel-generators or diesel-generator configurations not
previously used. The staff concluded that qualification testing of these larger capacity
machines or configurations would be required to demonstrate a capability and reliability
at least equivalent to that of machines currently used for nuclear plant standby
applications.

The proposals of nonstandard diesel-generator arrangements for Sequoyah, Fort St. Vrain,
Hutchinson Island, and Fitzpatrick made it necessary to develop a consistent approach for
determining acceptability. Regqulatory Guides 1.6 and 1.9 were utilized as the bases.

BRANCH TECHNICAL POSITION
A start and load reliability test program should be required for all diesel-generator sets

of a type or size not previously used as standby emergency power sources in nuclear power
plant service. The objective of this program should be to establish a 0.99 reliability for
starting and accepting design Toad in the desired time. An acceptable test program should
include the following requirements:

1. At least two full-Toad and margin tests acceptable to the staff shouid be performed
on each diesel-generator set to demonstrate the start and load capability of the
units with some margin in excess of the design requirements. Proposed full-load and
margin testing should be evaluated on an individual case basis to take account of the
differences in unit design.

2. Prior to initial fuel loading, at least 300 valid start and load tests should be
' perforﬁed with no more than three failures allowed. At least 90% of these start tests

shall be made from design cold ambient conditions (design hot standby conditions if
standby temperature control system is provided) and 10% from design hot equilibrium
temperature conditions. This would include all valid tests performed offsite. A
valid start and load test shall be defined as a start from the specified temperature
conditions with loading to at least 50% of continuous rating within the required time
intervals, and continued operation until temperature equilibrium is attained.

3. A failure rate in excess of one per hundred should require further testing as well
as review of the system design adequacy.
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C.  REFERENCES

1. Fort St. VYrain Safety Evaluation Report, May 1, 197].

2. Zion 1 and 2 Safety Evaluation Report, March 10, 1972.
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BRANCH TECHNICAL POSITION EICSB 3
ISOLATION OF LOW PRESSURE SYSTEMS FROM THE HIGH PRESSURE REACTOR COOLANT SYSTEM

BACKGROUND

During normal and emergency conditions,it is necessary to keep low pressure systems that
are connected to the high pressure reactor coolant system properly isolated in order to
avoid damage by overpressurization or the potential for loss of integrity of the low
pressure system and possible radioactive releases. There have been a number of recommen-
dations for accomplishing this aim. Until a more definitive guide is published, the
criteria in in Part B,below,provide an adequate and acceptable design solution for this
concern.

BRANCH TECHNICAL POSITION

The following measures should be incorporated in designs of the interfaces between low
pressure systems and the high pressure reactor coolant system:

1. At least two valves in series should be provided to isolate any subsystem whenever
the primary system pressure is above the pressure rating of the subsystem.

2. For system interfaces where both valves are motor-operated, the valves should have
independent and diverse interlocks to prevent them from both being opened unless the
primary system pressure is below the subsystem design pressure. Also, the valve
operators should receive a signal to close automatically whenever the primary system
pressure exceeds the subsystem design pressure.

3. For those system interfaces where one check valve and one motor-operated valve are
provided, the motor-operated valve should be interiocked to prevent the valve from
opening whenever the primary pressure is above the subsystem design pressure, and to
close automatically whenever the primary system pressure exceeds the subsystem design
pressure.

4. Suitable valve position indication should be provided in the control room for the
interface valves.

5. For those interfaces where the subsystem is required for ECCS operation, the above
recommendations need not be implemented. System interfaces of this type should be
evaluated on an individual case basis. "
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C. REFERENCES
1. Memorandum to E. G.-Case from P. A. Morris, February 6, 1971.

2. Memorandum to P. A. Morris from D. Skovholt, February 19, 1971.

3. Note for E. G. Case from D. F. Knuth, April 13, 1972,
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BRANCH TECHNICAL POSITON EICSB 4
REQUIREMENTS ON MOTOR-OPERATED VALVES IN THE ECCS ACCUMULATOR LINES

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 of the
safety injection tanks (also referred to as "accumulators" or "flooding tanks" in some
applications). In these plants, a motor-operated isolation valve (MOIV) and two check
valves are provided in series between each safety injection tank and the reactor coolant
(primary) system.

The MOIV's must be considered to be "eperating bypasses" because, when closed, they pre-
vent the safety injection tanks from performing the intended protective function. IEEE
Std 279-1971 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 279-1971 for safety injection tank MOIV's.

It should be noted that BTP EICSB 18, "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.

BRANCH TECHNICAL POSITION
The following features should be incorporated in the design of MOIV systems for safety in-
jection tanks.to meet the intent of IEEE Std 279-1971:

1. Automatic opening of the valves when either primary coolant system pressure exceeds a
preselected value (to be specified in the technical specifications), or a safety in-
jection signal is present. Both primary coolant system pressure and safety injection
signals should be provided to the valve operator.

2. Visual indication in the control room of the open or closed status of the valve.

3.  An audible and visual alarm, independent of item @,above, that is actuated by a sensor
on the valve when the valve is not in the fully-open position.
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4, Utilization of a safety injection signal to remove automatically (override) any
bypass feature that may be provided to allow an isolation valve to be closed for
short periods of time when the reactor coolant system is at pressure (in accordance
with provisions of the technical specifications).

C. REFERENCES
1. Memorandum to E. G. Case from P. A. Morris, February 10, 1971.

2. Arkansas 1, Unit 1, Safety Evaluation Report, January 23, 1973..

7A-10

11/24/75



BRANCH TECHNICAL POSITION EICSB 5
SCRAM BREAKER TEST REQUIREMENTS - TECHNICAL SPECIFICATIONS

BACKGROUND

There have been some inconsistencies in the description of scram circuit test procedures in
FSARs and technical specifications requirements. Some FSARs for plants with weétinghouse
reactors describe the scram circuit test procedures and include a position for testing the
scram breakers, but there are no provisions for doing so in the proposed technical specifi-
cations. It is the purpose of this branch technical position to establish a uniform
practice in this matter. )

BRANCH TECHNICAL POSITION

The requirement that control rod drive trip breakers be tested monthly should be included

" in all plant Technical Specifications issued. For a model, refer to the Oconne technical

specifications page 4.1-4, Table 4.1-1, item 2.

REFERENCE

1. Memorandum to PWR Branch Chiefs from R. C. DeYoung, January 28, 1972.
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BRANCH TECHNICAL POSITION EICSB 6
CAPACITY TEST REQUIREMENTS OF STATION BATTERIES - TECHNICAL SPECIFICATIONS

A.  BACKGROUND ‘

The capacity test requirements for station batteries are addressed in IEEE Std-450-1972 and
IEEE Std-308 the 1971 and 1974 editions. The purpose of this branch technical position is
to provide guidance for meeting the recommendations of these standards.

B. BRANCH TECHNICAL POSITTYON .
A11 technical specifications snall include a requirement for periodic surveillance testing
of onsite Class IE batteries. The test should meet the intent of Section 5.3.6. of IEEE
Std 308-1971 to determine battery capacity including as a minimum the following requirements:

(1) An acceptance test of battery capacity shall be performed according to Section 4.1 of
IEEE Std 450-1972. .

(2) The performancé discharge test Tisted in Table 2 of IEEE Std 308-1971 shall be per-
formed according to Sections 4.2 and 5.4 of IEEE Std 450-1972.

(3) A battery service test, described in Section 5.6 of IEEE Std 450-1972, shall be per-
formed during each refueling operation or at some other outage with intervals between
tests not to exceed 18 months in order to satisfy Section 6.4 of IEEE Std 308-1971.

(4) A detailed description of the battery service test shall be included in Section 8.3 of
the Safety Analysis Report.

C. REFERENCE
1.. Memorandum to R. H. Vollmer from J. G. Keppler, March 20, 1972.

2. Memorandum to R. Carlson from V. D. Thomas, January 18, 1972.
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BRANCH TECHNICAL POSITION EICSB 7
SHARED EMERGENCY ELECTRIC POWER SYSTEMS FOR MULTI-UNIT GENERATING STATIONS

BACKGROUND

The detailed operating license reviews of multi-unit stations using shared onsite power
systems revealed that in almost every case sharing resulted in reduction in the number of
and capacity of the onsite power sources to below that normally provided for the same
number of units located at separate sites. This reduced capacity introduced a number of
interactions that are potential safety problems. These interactions concern (1) the inter-
connection of ESF control circuits of each unit such that failures and maintenance or
testing operations in one unit affect the availability of ESF in-other units, (2) coordina-
tion between unit operators required in order to cope with an accident in one unit and safe
shutdown of the remaining unit(s), and (3) system overload conditions as a conseduence of

a real accident in a unit coincident with a false or spurious accident signal in another
unit. The purpose of this branch technical position is to provide guidance in assuring
proper compliance with the requirements of General Design Criterion 5.

BRANCH TECHNICAL POSITION

1.  For multi-unit generating stations now under design and construction and for which
construction permit applications were made before May 1, 1973, the design of shared.
onsite emergency power systems should: )

a. Assure that a single failure, including a false or spurious accident signal, does
not reduce the capability to supply automatically minimum engineered safety
feature (ESF) loads in any unit and safely shut down the remaining units.

b. Provide onsite power capacity sufficient to energize seismic Category I equipment
to attain a safe and orderly cold shutdown of all units, assuming a single fail-
ure and loss of offsite power.

c. Limit the interactions between unit engineered safety feature electrical circuits
such that any allowable combination of maintenance and test operations in the
units will not affect the capability to supply power automatically to minimum
ESF Toads in any unit.

d. Minimize the coordination required between unit operators in order to accompiish
(a) B, and (c} above. Although each design will be evaluated on an individual basis
in this regard, all shared onsite power systems should meet the following:
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(1) Coordination between the unit operators should not be necessary in order to
provide for (@ and b), above.

(2) Complete information regarding the status of the shared system should be
provided for each operator. '

e. Conform with IEEE Std 308-1971 and Regulatory Guides 1.6 and 1.9.

2. The onsite emergency electrical power systems of multi-unit generating stations for
which construction permit applications are made after May 1, 1973, should conform to
the following criterion:

"Each unit shall have separate and independent onsite emergency electrical power
systems, both a-c and d-c, capable of supplying minimum ESF loads and the loads

required for achieving and maintaining a safe and orderly cold shutdown of the
unit, assuming a single failure and loss of offsite power."

C. REFERENCES
1. emorandum to V. Moore from V. Stello, August 24, 1973.

2. Memorandum to L. Rogers from J. F. O'Leary, August 25, 1972.
3. Memorandum to J. M. Hendrie from T. A. Ippolito, November 19, 1973.

4, Memorandum to G. A. Arlotto from V. Stello, December 10, 1973.
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BRANCH TECHNICAL POSITION EICSB 8
USE OF DIESEL-GENERATOR SETS FOR PEAKING

BACKGROUND

General Design Criterion 17 requires that provisions be included to minimize the probabil-
ity of losing electric power from any of the remaining suppliies as a result of, or co-
incident with loss of the main generator, loss of power from the grid, or loss of standby
power supplies. Additionally, IEEE Std 308 requires that the preferred (offsite) and stand-
by power supplies shall not have a common failure mode. Common failure mode is defined as .
"a mechanism by which a single design basis event can cause redundant equipment to be
inoperable." Although IEEE Std 308 does not preclude the use of emergency diesels for non-
safety purposes, the staff concludes that the potential for common failure modes should
preclude interconnection of onsite and offsite power sources except for short periods for
Toad testing. )

Review of the use of emergency diesel-generator sets for peaking service leads to the con-
clusion that the required frequent interconnection of the preferred and standby power

supplies increases the probability of their common failure.

BRANCH TECHNICAL POSITION

General Design Criterion 17 and Section 5.2.1(5) of TEEE Std 308-1971 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 peqking service.

REFERENCES

1. Note to D. F. Knuth and V. A. Moore from J. M. Hendrie, January 23, 1973.
2. Memorandum to J. M. Hendrie and D. F. Knuth from V. A. Moore, January 4, 1973.
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BRANCH TECHNICAL POSITION‘EICSB 9
DEFINITION AND USE OF "CHANNEL CALIBRATION" - TECHNICAL SPECIFICATIONS '

A.  BACKGROUND
In several PWR technical specifications, the term "channel calibration” was used to describe
a "daily adjustment" for amplifier gain of the nuclear instrumentation power range channels.
This adjustment was performed to maintain agreement between the indicated reactor nuclear
power level and the reactor thermal power calculation. This adjustment is not considered
by the staff to be a channel calibration. A calibration procedure performed on a monthly
basis requires the following:

a. Performance of a functional test using a simulated signal to verify bistable action
(protective trips including rod block trips and permissive interlocks) on a monthly
basis. :

b. Calibration of the upper and lower chambers of each flux channel for axial offset
utilizing the in-core detectors on a calendar quarter basis.

c. Performance of a functional test using a simulated signal to verify positive and
negative rate bistable action on a monthly basis.

Performance of a total system response time test is required during each refueling outage.

B.  BRANCH TECHNICAL POSITION
The "daily adjustment," which does not fulfill the intent or requirements of a calibration '
procedure, should remain as a daily requirement but be deleted from the "channel calibra- (
tion" category in the technical specifications.

C.  REFERENCES
1. Memorandum to R. L. Tedesco from V. Stelle, April 19, 1973.
2. Memorandum to R. C. DeYoung from R. L. Tedesco, April 27. 1973.
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BRANCH TECHNICAL POSITION EICSB 10
ELECTRICAL AND MECHANICAL EQUIPMENT SEISMIC QUALIFICATION PROGRAM

BACKGROUND

Subsequent to the publication of IEEE Std 344-1971, the staff determined that compliance
with the standard was not in itself sufficient to assure an acceptable seismic qualifica-
tion program for electrical and mechanical equipment. As a result, a supplement to IEEE
Std 344-1971 was developed by the staff.

BRANCH TECHNICAL POSITION

1.

For plants for which construction permit applications were docketed before October 27,
1972, and for which operating license reviews are not completed, information should
be provided describing in detail the methods used for qualifying equipment under IEEE
Std 344-1971, "Guide for Seismic Qua1ification of Class I Electric Equipment for
Nuclear Power Generating Stations." l

For plants for which construction permit applications’are docketed after October 27,
1972, the following supplementary requirements to IEEE Std 344-1971 should be met:

a. Seismic Test for Equipment Operability

(1) A test and analysis program is required to confirm the functional opera-
bility of all seismic Category I electrical and mechanical equipment dur-
ing and after a earthquake of magnitude up té and including the SSE.
Analysis without testing may be acceptable on]y'if structural integrity
alone can assure the intended function. When a complete seismic testing
is impracticable, a combination of tests and analyses may be acceptable.

(?)  The characteristics of the required input motion (i.e., the support motion
in the seismic event) should be specified by one of the following:

(a) Response spectrum. _
(b) Power spectral density function.

(¢) Time history.

Such characteristics, as derived from the structures or systems seismic
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analyses, should be representative of the input motion at the equipment

mounting locations. ‘
(3) ,

Equipment should be tested in the operational condition. Operability
should be verified during and after the testing.

(4) The actual input motion for the testing should be characterized in the
same manner as the required input motidn, and conservatism in amplitude
and frequency content should be demonstrated. The frequency spectrum
used should cover the range from 1 through 33 Hz. Any exceptions require
Justification.

(5) Seismic excitation generally has a broad frequéncy content. Random vibra-
tion input motion should be used. However, single frequency inputs, such
as sine beats, may be applicable provided one of the following conditions
are met:

{a) The characteristics of the required input motion indicate that the
motion is dominated by one frequency (e.g., by structural filtering
effects).

(b) The anticipated response of the equipment is adequately represented
by one mode.

(c) The test input has sufficient intensity and duration to excite all
modes to the required magnitude, such that the testing response
spectra will envelop the corresponding seismic event response spectra
of the individual modes. .

(6) The input motion should be applied to the vertical axis and one principal
horizontal axis (or two orthogonal horizontal axes) simultaneously unless
it can be demonstrated that the equipment response along the vertical
direction is not sensitive to the vibratory motion along the horizontal
direction, and vice versa. The time phasing of the inputs in the vertical
and horizontal directions must be such that a purely rectilinear resultant
input is avoided. An acceptable alternative is to have vertical and
horizontal inputs in-bhase, and then repeated with inputs 180 degrees out-
of-phase. In addition, the test must be repeated with the equipment rotated
90 degrees horizontally.

(7) The fixture design should meet the following requirements:

(a) Simulate the actual service mounting.
{b) Cause no dynamic coupling to the test item.
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(8) The in situ application of vibratory devices to superimpose seismic vibra-
tory loadings on a complex active device for operability testing is accept-
able when it can be shown that a meaningful test can be made in this
fashion.

(9) The test program may be based upon selectively testing a representative
number of mechanical components according to type, load level, size, etc.
on a prototype basis.

b. Seismic Design Adequacy of Supports
(1) Analyses or tests should be performed for all supports of electrical and
mechanical equipment to ensure their structural capability to withstand
seismic excitation.

(2) The analytical results must include the following:
(a) The required input motions to the mounted equipment should be obtained
and characterized in the manner as stated in Section 2.a{2), above.
(b) The combined stresses of the support structures whould be within
the 1imits of ASME Boiler and Pressure Vessel Code Section III, Sub-
section NF, "Component Support Structures," or other comparable stress
Timits.

(3) Supports should be tested with equipment installed. If the equipment is
inoperative during the support test, the response at the equipment
mounting locations should be monitored and characterized in the manner as
stated in Section 2.a{2). In such case, equipment should be tested
separately and the actual input to the equipment should be more conserva-
tive in amplitude and frequency content than the monitored response.

(4) The requirements of Sections 2.a.(2), (4), (5), (6), and (7), above, are
applicable when tests are conducted on the equipment supports.

C. REFERENCES
1. Note to Eleetrical, Instrumentation and Control Systems Branch from T. A. Ippolito,
January 7, 1974,
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BRANCH TECHNICAL POSITION EICSB 11
STABILITY OF OFFSITE POWER SYSTEMS

BACKGROUND

The staff has traditionally required each applicant to perform stability studies for the
electrical transmission grid which would be used to provide the offsite power sources to
the plant. 'The basic requirement is that loss of the largest operating unit on the grid
will not result in loss of grid stability and availability of offsite power to the plant
under consideration. In some cases, such as plants on the island of Puerto Rico, the plant
is connected to an isolated power system of limited generating capacity. These kinds of
isolated power systems are inherently less stable than equivalent systems with supporting
grid interties. It is also obvious that l1imited 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 availability criterion with some
margin. This conclusion is applicable to the review of most plants located on the U. S.
. mainland.

2. There is also strong indication that an isolated system large enough to justify in-
clusion of a nuclear unit will also meet this criterion. However, as a conservative
approach, the staff will examine the available generating capacity of a system, in-
cluding interties if available, to withstand outage of the largest unit. If the .

available capacity is judged marginal to provide adequate stability of the grid,
additional measures should be taken. These may include provisions for additional
capability and margin for the onsite power éystem beyond the normal requirements, or
other measures as may be appropriate in a particuiar case. The additional measures
to be taken should be determined on an individual case basis.
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BRANCH TECHNICAL POSITION EICSB 12
PROTECTION SYSTEM TRIP POINT CHANGES FOR OPERATION WITH REACTOR COOLANT
PUMPS OUT OF SERVICE

BACKGROUND

For the past several years, including a time prior to the development of IEEE Std 279, the
staff has required automatic adjustment to more restrictive settings of trips affecting
reactor safety by means of circuits satisfying the single failure criterion. The basis
for this requirement is that the function can-be accomplished more reliably by automatic
circuity than by a human operator. This design practice, which has also been adopted
independently by the national laboratories and by much of industry, served as the basis
for paragraph 4.15, "Multiple Set Points,” of IEEE Std 279.

More recently, all applicants have stated that their protection systems were designed to
meet IEEE Std 279. Paragraph 4.15 of IEEE Std 279 specified that where a mode of reactor
operation requires a more restrictive set point, the means for insuring the more restrictive
set point shall be positive and must meet the other requirements of IEEE Std 279. A

number of designs have been proposed and accepted which reliably and simply satisfy this
requirement. During the review of some applications, however, certain design deficiencies
have been found. The purpose of this position is to provide additional guidance on the
application of Section 4.15 of IEEE Std 279.

BRANCH TECHNICAL POSITION
1. If more restrictive safety trip points:-are required for operation with a reactor

coolant pump out of service, and if operation with a reactor coolant pump out of
service is of sufficient Tikelihood to be a planned mode of operation, the change to
the more restrictive trip points should be accomplished automatically.

2. Plants with designs not in accordance with the above should have included in the
plant technical specifications a requirement that the reactor be shut down prior to
changing the set points manually.

REFERENCES

1. Report to the ACRS on the protection system trip point changes for operation with the
reactor coolant pumps out of service, July 28, 1970.

2. Memorandum to R. C. DeYoung from V. Stello, September 14, 1973 (RESAR).

3. Millstone-3 Safety Evaluation Report, September 24, 1973.

4, Beaver Valley-2 Safety Evaluation Report, October 10, 1973.
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BRANCH TECHNICAL POSITION EICSB 13
DESIGN CRITERIA FOR AUXILIARY FEEDWATER SYSTEMS

BACKGROUND ' .

The function of the auxiliary feedwater system in pressurized water reactors is to provide
an emergency source of feedwater supply to the steam generators. It is required to ensure
safe shutdown in the event of a main turbine trip with loss of offsite power. The system

is also started on a safety injection signal. Feedwater is pumped to each steam generator
through normally open control valves. It was found that in some plant designs the auxiliary
feedwater system did not meet the single failure criterion. It is the purpose of this
branch technical position to provide guidance and to establish uniform requirements for
acceptable designs of auxiliary feedwater systems.

BRANCH TECHNICAL POSITION

The auxiliary feedwater system should be capable of satisfying the system functional
requirements after a postulated break in the auxiliary feedwater piping inside containment
together with a single electrical failure. The basis for the position is that an auxiliary
feedwater piping break would result in tripping the unit and, in turn, might cause loss of
offsite power. Standard staff assumptions for analyzing postulated accidents include the
assumption of loss of offsite power if the affected unit generator is tripped by the
accident. Such a circumstance would leave the plant without adequate means for removal of
afterheat even though the reactor coolant pressure boundary was intact, an unacceptable
result. Plant heat removal systems must, in any postulated piping break, be capable of
removing afterheat to the ultimate heat sink assuming a single electrical (active) failure
anywhere in the auxiliary feedwater system or in the onsite power system. ‘

REFERENCES

1. Note from T. A. Ippolito to EICSB, December 12, 1973.
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BRANCH TECHNICAL POSITION EICSB 14
SPURIOUS WITHDRAWALS.OF SINGLE CONTROL RODS IN PRESSURIZED WATER REACTORS

‘ A.  BACKGROUND

. Recent operating experience with PWR's and subsequent reviews of PWR designs with regard
to. the requirements of General Design Criteria 20 and 25 have shown that single failures
can cause inadvertent single rod withdrawals. The intent of this branch technical
position is to provide specific guidance toward an acceptable interpretation and
application of GDC 20 and 25.

B.  BRANCH TECHNICAL POSITION .
Applicants have to demonstrate compliance with the requirements of GDC 20 and 25. For this

purpose, it has to be shown by analysis that the consequences of uncontrolled or erroneous
withdrawal of a single control rod under any possible conditions of reactor operation does
not result in exceeding specified acceptable fuel design limits. If the results of this
analysis show that the Timits may be exceeded, the applicant must provide the results of
failure modes and effects analyses to show that a single failure occurring in the control
system, or an operator error, will not cause the uncontrolled or erroneous withdrawal of

a single control rod. If the results of these analyses show that it is possible for un-
controlled or erroneous withdrawal of single control rods to occur, and the specified fuel
design limits could be exceeded as a result, then fhe protection system must be designed
to detect and terminate the resulting transient before the fuel design 1imits are exceeded.

C. REFERENCES
’ 1. Surry 3 and 4 Safety Evaluation Report, March 26, 1974.

2. Byron & Braidwood, First Set of Questions-Addendum, memorandum to R. C. DeYoung
from V. Stello, December 12, 1973.
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BRANCH TECHNICAL POSITION EICSB 15
REACTOR COOLANT PUMP BREAKER QUALIFICATION

A.  BACKGROUND
An assumption usually made in accident analyses is that for complete loss of forced reactor
coolant flow (resulting from a failure of the main coolant pump power supply that is pre-
saged by an underfrequency condition), a reactor trip is initiated along with disengagement
of the reactor coolant pumps from the power grid to assure that the pumps' kinetic energy
is available for flow coastdown. Therefore, unless the pump breakers are Class IE and are
housed in a seismic Category I structure, the required disengagement of the pump motors
from the power grid when it experiences the underfrequency condition might not occur. It
is the intent of this branch technical position to provide guidance in meeting this concern.

B. BRANCH TECHNICAL POSITION
1. If credit is taken for reactor coolant pump coastdown in the accident analyses, the

pump breakers must be qualified in accordance with the requirements of IEEE Std 279-
1971 and IEEE Std 308-1871. Further, they must be located in a seismic Category I
structure.

2. Any reactor pump system trip éensors associated with these breakers should meet the
requirements of IEEE Std 279-1971, 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.
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BRANCH TECHNICAL POSITION EICSB 16
CONTROL ELEMENT ASSEMBLY (CEA) INTERLOCKS IN COMBUSTION ENGINEERING REACTORS

BACKGROUND

Certain control element assembly interlocks provided in Combustion Engineering designs

have not been treated as safety-related. It has been determined by the staff that, unless
it can be shown by analysis that these interlocks are not required to assure fuel integrity,
they should be treated as required for safety.

BRANCH TECHNICAL POSITION
The following interlocks in CE designs are considered safety-related, and unless it can be

substantiated otherwise by supporting analyses, they should be designed to meet the require-
ments of IEEE Std 279. The interlocks in question are intended to prevent the following
actions: '

1. Insertion of shutdown CEA's before the regulating CEA's are inserted.

2. Simultaneous withdrawal of more than two groups of CEA's.

3. Withdrawal of a CEA group or groups out of proper sequence.

REFERENCES

1. Memorandum to P. A. Morris from E. G. Case, May 5, 1970.
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BRANCH TECHNICAL POSITION EICSB 17
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 function-

ing of the diesel-generators when they are most needed, i.e., during an accident condition.

In nuclear power plant applications, the criterion should be to provide standby power when

needed to mitigate the effects of an accident condition, rather than to protect the diesel-

generators from possible damage or degradation.

BRANCH TECHNICAL POSITION

1.

The design of standby diesel-generator systems should retain only the engine overspeed
and the generator differential trips and bypass all other trips under an accident
condition. A1l 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 all the bypassed parameters in the
control room.

3. If other trips, in addition to the engine overspeed and generator differential, are
retained for accident 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 diesel-generator protective trips should be designed to
meet the requirements of IEEE Std 279-1971.

REFERENCES

1. Memorandum to R. C. DeYoung from D. F. Knuth, March 3, 1972.

2. St. Lucie Units 1 and 2 (Operating License and Construction Permit).

3. SWESSAR-P1 - Stone and Webster Corporation Standard Plant Design.
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BRANCH TECHNICAL POSITION EICSB 18

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

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 regard-
less of whether the loss of safety function is caused by a component failing to perform a
requisite mechanical motion, or by a component performing an undesirable mechanical motion.
This position establishes the acceptability of disconnecting power to electrical components
of a fluid system as one means of designing against a single failure that might cause an un-
desirable component action. These provisions are based on the assumption that the component
is then equivalent to a similar component that is not designed for electrical operation,
e.g., a valve that can be opened or closed only by direct manual operétion of the valve.
They are also based on the assumption that no single failure can both restore power to the
electrical system and cause mechanical motion of the components served by the electrical
system. The validity of these assumptions should be verified when applying this position.

BRANCH TECHNICAL POSITION

1. Failures in both the "fail to function” sense and the "undesirable function” sense of
components in electrical systems of valves and other fluid system components should
be considered in designing against a single failure, even though the valve or other
fluid system component may not be called upon to function in a given safety operational
sequence.

2. Where it is determined that failure of an electrical system component can cause
undesired mechanical motion of a valve or other fluid system component and this
motion results in loss of the system safety function, it is acceptable, in lieu of
design changes that also may be acceptable, to disconnect power to the electric systems
of the valve or other fluid system component. The plant technical specifications should
include a list of all e1ectrica11y;operated valves, and the required positions of these
valves, to which the requirement for removal of electric power is applied in order to
satisfy the single failure criterion.

3. Electrically-operated valves that are classified as "active" valves, i.e., are required
to open or close in various safety system operational sequences, but are manually-
controlied, should be operated from the main control room. Such valves may not be
included among those vé]ves from which power is removed in order to meet the single
failure criterion unless: f(a) electrical power can be restored to the valves from the
main control room, (b) valve operation is not necessary for at least ten minutes
following occurrence of the event requiring such operation, and(c) it is demonstrated
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that there is reasonable assurance that all necessary operator actions will be per-
formed within the time shown to be adequate by the analysis. The plant technical

specifications should include a 1ist of the required positions of manually-controlled,
electrically-operated valves and should identify those valves to which the require-
ment for removal of electric power is applied in order to satisfy the single failure
criterion.

4. When the single failure criterion is satisfied by removal of electrical power from
valves described in(2) and {3), above, these valves should have redundant position
indication in the main control room and the position indication system should, itself,
meet the single failure criterion.

5. The phrase "electrically-operated valves" includes both valves operated directly by an
electrical device (e.g., a motor-operated valve or a solenoid-operated valve) and those
valves operated indirectly by an electrical device (e.g., an air-operated valve whose
air supply is controlled by an electrical solenoid valve). '

C.  REFERENCES
1.  Memorandum to R. C. DeYoung and V. A. Moore from V. Stello, October 1, 1973.

7A-28

11/24/75



BRANCH TECHNICAL POSITION EICSB 19

ACCEPTABILITY OF DESIGN CRITERIA FOR HYDROGEN MIXING AND DRYWELL
' VACUUM RELIEF SYSTEMS .

A.  BACKGROUND
Certain design problems arise from the containment design concept which utilizes a drywell
and suppression pool for heat removal after a loss-of-coolant accident (LOCA). Two such
problems are (1) the hydrogen concentration in the drywell may, in a relatively short time,
exceed the limits qescribed in BTP CSB 6-2 (a safety-related problem), and (2) eventual cooling
of the drywell will cause steam to condense, resulting in a partial vacuum which can draw
water from the suppression pool and partially flood the drywell (a problem related to equip-
ment deterioration and repair costs, not safety).

A hydrogen mixing system is proposed to mix the atmosphere in the larger containment volume
outside the drywell with that in the drywell, thereby reducing the overall hydrogen con-
centration to an acceptable level. In some designs,the hydrogen mixing system bypasses the
suppression pool, resulting in an additional load on the containment heat removal system,
and in the possibility of ovérpressurizing the containment. (There are times during a

LOCA when bypassing the suppression pool would quickly overpressurize the containment.)

Some designs propose to avoid flooding of the drywell by means of a vacuum relief system
utilizing the valves of the hydrogen mixing system.

In view of the stresses to which the reactor operator might be subject during and following
. a LOCA, it has been concluded that automatic as well as manual initiation at the system
level should be provided in BWR 6/Mark III plants.
B.  BRANCH TECHNICAL POSITION
1. . The design of the hydrogen mixing system should provide for both manual and automatic

initiation and should conform to all criteria for protection systems, including the
provisions of IEEE Std 279-1971 and Regulatory Guides 1.22 and 1.62. Automatic
initiation should come from the sensors which sense that the hydrogen concentration in
the drywell has exceeded the 1imits described in BTP CSB 6-2.
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2. The design should provide interlocks in both the automatic and manual circuits that
will preclude the opening of valves which bypass the suppression pool before blowdown
is complete.

3. If the hydrogen mixing system bypasses the suppression pool, the containment heat re-
moval system should be automatically initiated whenever the hydrogen mixing system is
initiated. '

4. The containment heat removal system should be automatically initiated upon indication
of high pressure in the containment.

5.  In conformance with paragraph 4.8 of IEEE Std 279-1971, all signal inputs to the
hydrogen mixing system and to those portions of the vacuum relief system which are
common to the hydrogen mixing system, should be direct measures, to the extent
practical, of the desired variable. Exceptions should be identified and justified.

REFERENCES

1. Draft Memorandum to J. M. Hendrie from T. A. Ippolito, October 12, 1973.

2. Branch Technical Position CSB 6-2, "Guidelines for the Evaluation of the Bypass
Leakage in Dual Containment Plants," attached to Standard Review P]aﬁ 6.2.5. -
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BRANCH TECHNICAL POSITION EICSB 20

DESIGN OF INSTRUMENTATION AND CONTROLS PROVIDED TO
ACCOMPLISH CHANGEOVER FROM INJECTION TO RECIRCULATION MODE

A.  BACKGROUND
- Designs are reviewed with regard to the automatic and manual initiation of protective actions,

as set forth in paragraph 4.17 -of IEEE Std 279-1971. For some recent designs, the staff
concluded that the proposed design of the circuits used to change over to the recirculation
mode of operation following a loss-of-coolant accident did not conform to IEEE Std 279-1971,
and the complexity of the proposed changeover procedure raised questions as to whether the
operator could be expected to perform correctly the required actions within the time and
based on the information available to him.

B. BRANCH TECHNICAL POSITION
1. ' A design that provides manual initiation at the system level of the transfer to the
recirculation mode, while not ideal, is sufficient and satisfies the intent of IEEE
Std 279-1971 provided that adequate instrumentation and information display are

available to the operator so that he can make the correct decision at the correct
time. Furthermore, it should be shown that, in case of operator error, there are
sufficient time and sufficient information available so that the operator can correct
the error, and the consequences of such an error are acceptable.

2. Automatic transfer to the recirculation mode is preferable to manual transfer, for the
reasons cited above, and should be provided for standard plant designs submitted for
review on a generic basis under the Commission's standardization policy.

C.  REFERENCES
1. Memorandum to R. C. DeYoung from V. Stello, October 10, 1973 (Beaver Valley-2 Safety
Evaluation Report - EICSB).
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BRANCH TECHNICAL POSITION EICSB 21
GUIDANCE FOR APPLICATION OF REGULATORY GUIDE 1.47 ‘

BACKGROUND

The recommendations of Regulatory Guide 1.47 need further detailing as to methods of pro-
viding an acceptable design for the bypass and inoperable status indicators for engineered
safety feature (ESF) systems. The purpose of this branch technical position is to provide
supplemental guidance for implementation of the recommendations of Regulatory Guide 1.47.

BRANCH TECHNICAL PQOSITION
The design criteria for bypass and inoperable status indication systems for ESF should

reflect the importance of providing accurate information for the operator and of reducing
the possibility for the indicating equipment to affect adversely the monitored safety
systems. In developing the design criteria, the following should be considered:

1. The bypass indicators should be arranged to enable the operator to determine the status
of each safety system and determine whether continued reactor operation is permissible.

2. When a protective function of a shared system can be bypassed, indication of that by-
pass condition should be provided in the control room of each affected unit.

3. Means by which the operator can cancel erroneous bypass indications, if provided,
should be justified by demonstrating that the postulated cases of erroneous indications

“cannot be eliminated by another practical design. ‘

4. Unless the indication system is designed in conformance with criteria established for
safety systems, it should not be used to perform functions that are essential to
safety. Administrative procedures should not require immediate operator action based
solely on the bypass indications.

5. The indication system should be designed and installed in a manner which'precludes the
possibility of adverse effects on plant safety systems. Failure or bypass of a pro-
tective function should not be a credible consequence of failures occurring in the
indication equipment, and the bypass indication should not reduce the required in-
dependence between redundant safety systems.

6. The indication system should include a capability of assuring its operable status during
normal plant operation to the extent that the indicating and annunciating function can
be verified.

REFERENCES

1. Memorandum to J. M. Hendrie from V. A. Moore, February 27, 1973.
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BRANCH TECHNICAL POSITION EICSB 22
GUIDANCE FOR APPLICATION OF REGULATORY GUIDE 1.22

BACKGROUND

A recent application listed eight functiors that are not tested while the reactor is operating
at power. The applicant claimed that the periodic testing complied with Regulatory Guide 1.22.
Regulatory Guide 1.22 does make provisions for actuated equipment that is not tested during
reactor operation but it does not have provisions for excluding any portion of the pro-

tection system from the requirements of paragraphs 4.9 and 4.10 of IEEE Std 279-1971.

BRANCH TECHNICAL POSITION

A11 portions of the protection systems should be designed in accordance with IEEE Std 279-1971,
as required by 10 CFR §50.55a(h). A1l actuated equipment that is not tested during reactor
operation should be identified and a discussion of how each conforms to the provisions of
paragraph D.4 of Regulatory Guide 1.22 should be submitted.

REFERENCES

1. Memorandum to R. C. DeYoung from V. Stello, September 24, 1973, (Millstone 3, Second
Round of Questions).
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BRANCH TECHNICAL POSITION EICSB 23

QUALIFICATION OF SAFETY-RELATED DISPLAY INSTRUMENTATION FOR
POST-ACCIDENT CONDITION MONITORING AND SAFE SHUTDOWN ‘

BACKGROUND

Instrumentation systems for post-accident monitoring and safe shutdown must survive the
accident to be effective when needed. Environmental qualification should be in accordance
with the provisions of IEEE Std 323-1974 and IEEE Std 344-1971. The recorders of these
instrumentation systems are not required to function with accuracy during the safe shutdown
earthquake; they must function with accuracy after the ground motion subsides without require-
ing any maintenance.

BRANCH TECHNICAL POSITION
The safety-related display instrumentation for post-accident monitoring and safe shutdown
should be:

1. Redundant, with indicators in the control room for both channels and with at least one
channel recorded.

2. Energized from the onsite emergency power supplies.

3. Designed in accordance with the requirements of IEEE Std 279-1971.

4. Qualified in accordance with the requirements of IEEE Std 323-1974 and IEEE Std 344-1971
as supplemented by BTP EICSB 10 with the exception that the recorders are not required

to function within their required accuracy during the safe shutdown earthquake, but
must function within their required accuracy immediately after the ground motion

subsides without requiring any maintenance.

REFERENCES
1. Memorandum to V. A. Moore from V. Stello, October 12, 1973 (GESSAR).
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BRANCH TECHNICAL POSITION EICSB 24

B TESTING OF REACTOR TRIP SYSTEM AND ENGINEERED SAFETY FEATURE
-‘ ACTUATION SYSTEM SENSOR RESPONSE TIMES

A.  BACKGROUND
The accident analyses in safety analysis reports assume certain response times for the
reactor protection systems. Periodic verification of the protection system response times
should be made to assure that they are within the design specifications assumed in the
accident analyses.

B.  BRANCH TECHNICAL POSITION
1. Periodic tests for verification of system response times of reactor trip systems and

engineered safety feature actuation systems should include the response times of the
sensors whenever practical.

2. In some cases, indirect means of verifying sensor response times may be used. Details
of such indirect means of verifying sensor response times should be included in
applications and will be reviewed by the staff on an individual case basis until some
uniformity of practice develops and generic guidance can be provided.

3. Exceptions to the above should be specifically identified and justified.

C.  REFERENCES .
Memorandum to V. A. Moore from V. Stello, October 12, 1973, (GESSAR Second Round of

. Questions, No. 2 and No. 9).
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BRANCH TECHNICAL POSITION EICSB 25

GUIDANCE FOR THE INTERPRETATION OF GENERAL DESIGN CRITERION 37 FOR TESTING THE
OPERABILITY OF THE EMERGENCY CORE COOLING SYSTEM AS A WHOLE

A.  BACKGROUND
General Design Criterion 37 requires, in part, that the emergency core cooling system be
designed to permit testing the operability of the system as a whole under conditions as
close to design as practical. It is stated in one recent application that the safety
injection and residual heat removal pumps are made inoperable during the system tests.

B.  BRANCH TECHNICAL POSITION
In order to comply with the requirements of GDC 37, all ECCS pumps should be included in

the system test.

C. REFERENCES
1. Memorandum to R. C. DeYoung from V. Stello, September 14, 1973 (RESAR).
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BRANCH TECHNICAL POSITION EICSB 26 .
REQUIREMENTS FOR REACTOR PROTECTION SYSTEM ANTICIPATORY TRIPS

BACKGRQUND

Several reactor designs have incorporated a number of anticipafory or "back-up" trips for
which no credit was taken in the accident analyses. These trips, as a rule, were not
designed to the requirements of IEEE Std 279 and therefore introduced non-safety grade
equipment into the reactor protection system. It was determined by the staff that this
was not an acceptable practice, because of possible degradation of the reactor protection
system,

BRANCH TECHNICAL POSITION

A11 reactor trips incorporated in the reactor protection system should be designed to meet
the requirements of IEEE Std 279, without exception. This position applies to the entire
trip function from the sensor to the final actuated device.

REFERENCES

1. Shearon Harris Safety Evaluation Report, September 15, 1972.
2. Memorandum to V. A. Moore from V. Stello, October 12, 1973 (GESSAR).
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BRANCH TECHNICAL POSITION EICSB 27

DESIGN CRITERIA FOR THERMAL OVERLOAD PROTECTION FOR MOTORS
OF MOTOR-OPERATED VALVES

A. BACKGROUND
The National Electrical Code (NEC) recommends an overload setting of 115% to 125% of motor
full-Toad current for most continuous duty motors.

According to the NEC, a short-time (intermittent) duty motor, such as a valve operator
motor, shall be considered as protected against overcurrent by the branch circuit device,
provided the overcurrent protection does not exceed the specified values in the code. The
maximum rating of motor branch circuit protective fusing recommended by the NEC is 300% of
motor full-Toad current.

The accuracy obtainable with a thermal overload relay trip generally varies from -5% to 0%
of its trip set point. Since the primary concern in the application of overload relays is
to protect the motor windings against excess heating, this negative tolerance in the relay
trip characteristics is considered in the safe direction, as it will trip sooner to protect
the motor. This feature of thermal overload relays could interfere with the successful
functioning of a safety-related system. In nuclear power plant safety system applications,
the criterion -should be to drive the valve to its proper position to mitigate the effects
of an accident condition, rather than to be concerned with degradation or failure of the
motor due to excess heating.

B.  BRANCH TECHNICAL POSITION ‘
1. Thermal overload protection, if provided for safety-related system motor-operated
valves, should have the trip set point set at a value high enough to prevent spurious
trips due to design inaccuracies, trip set point drift, or variation in the ambient
temperature at the installed location. The trip set point chosen should be consistent
with that of any branch circuit protective device used. Periodic tests should be per-
formed on each of the thermal overload devices to verify the accuracy and reliability of
the overload trip set point.

2. Thermal overload protection may be bypassed under accident conditions. The bypass
circuitry should be designed to IEEE Std 279-1971 criteria, as appropriate for the rest

of the safety-related system.

C. REFERENCES
1. Memorandum to J. M. Hendrie from T. A. Ippolito, April 11, 1974.
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APPENDIX 7-B GENERAL AGENDA, STATION SITE VISITS

An important part of the review at the operating license stage is a site visit. It is prefer-
able to have the site visit sometime before the completion of the drawing review. The purpose
of the site visit is to supplement the review of the design based on the drawings and to evaluate
the actual implementation of the design as installed at the site. The Regional Office of Regu-
latory Operations having jurisdiction over the plant under consideration should be notified

ahead of time of the visit so that the regional inspectors can become familiar on a first-hand
basis with findings that may require followup action. Since proper implementation of design is
the ultimate goal of the technical review process, the importance of a site visit is self-
evident. The following is a typical general agenda that may be used as a guide for developing a
specific agenda for the plant under review. '

1. Preliminary Discussions

a. Unresolved items.
b. Piant layout for touring.
c. Special interest areas.

2. Control Room

General layout.

Nuclear and reactor protection instrument arrangement and layout.
Rod position indication.

Protection system initiation and bypass switch arrangements.
Diesel control board.

Cabling in control room (separation, loading, etc.).

Radiation monitoring.

S Qa -h ® A O T o

Engineered safety feature initiation and bypass switch arrangements and status panels.

3. Cable Runs and Cable Spreading Area

a. General layout.

b Degree of separation.

¢. Diverse wiring.

d Tray or wireway density (percentage fill).

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl ion staffr ible for the review of applications to construct and
operate nuclaar power plants. These d are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The dard review plan i are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
tor Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

c and suggestions for imp will be idered and should be sent to the U.S. latory Commission, Office of
Regulation, Washington, D.C. 20565. .
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e. Fire detection and protection.
f. Penetrations and cable terminations.

4, Switchgear Rooms

a. General layout.

Physical and =lectrical .separation of redundant units.
Potential for damage due to fire, missiles, etc.

Cable installation.

o a o o

Fire detection and protection.

5. Battery Installations

General layout.

Physical and electrical separation.

Potential for damage due to fire, missiles, etc.
Fire detection and protection and security.
Ventilation independence.

-» ®© OO 0 U @

Monitoring instrumentation.

6. Diesel Generators

General layout. ‘

Physical and electrical separation of redundant units.
Fuel supply system.

Fire detection and protection.

Qualification tests - interlocks and control panel.

- © o 0 T o

Auxiliary systems - starting air, combustion air, ventilation.

7. Instrument Piping

a. Physical separation and single failure.
b. Potential for damage due to fire, flooding, etc.
c. Test features.

8. Transformers (Switchyard)

a. Physical and electrical separation.
b. Potential for damage due to fire, flooding, missiles, etc.
c. Fire detection and protection.

9. Quality Control

a. Onsite receipt, storage, instailation, and protection procedures of installed
instrumentation, equipment, and cables.

10. Reactor Building and Turbine Building
a. Protection system instrument arrangemént and layout.

b Potential for instrument damage due to fire, missiles, etc.
c. Separation of piping and wiring to redundant instruments.
d Provisions for testing protection instruments.

7B-2
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11.

12.

13.

14.

Shared Systems for Multi-Unit Sites

a. Equipment location and potential for damage.

b. Control room control and assignment to accident unit.

c. Availability upon completion of first unit.

Steam Lines - Main, HPCI, RCIC

a. BWR temperature and radiation monitoring systems.
b. Isolation valves.

Recirculation Water System (Condenser)

a. Break detection and flood protection features.

Shutdown OQutside Control Room

a. Location for potential damage.
b. Feedwater system, etc.
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STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

TABLE 7-1
ACCEPTANCE CRITERIA FOR CONTROLS

Table 7-1 contains the acceptance criteria for the review plans of Chapter 7. These acceptance
criteria include the applicable general design criteria, IEEE standards, regulatory guides, and
branch technical positions (BTP) of the Electrical, Instrumentation and Control Systems Branch
(EICSB}. The table was prepared by EICSB for use by its members in reviewing Chapter 7 and for
use by secondary review branch reviewers.

The applicability of these criteria to specific sections of Chapter 7 is indicated by an X in
the matrix 1isting of criteria and SAR sections. There is a corresponding table (8-1) at the
end of Chapter 8 cbvering the acceptance criteria of safety-related power supplies. The BTP
Tisted in Tables 7-1 and 8-1 are contained in Appendix 7-A to the Chapter 7 review plans.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of R lation staff resp ible for the review of applications to construct and
opérata nuciear power piants, These d are made te to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and palicies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan sections ara keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan, ~

Published standard review pians will be revised periodically, as appropriate, to accommodate commients and to reflect new information and experience.

[ and i for impr will be ed and should be sent to the U.S. N R vy C ission, Office of N
Regulation, Washington, D.C. 20555.
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ACCEPTANCE CRITERIA FOR CONTROLS - TABLE 7-1

CRITERIA TITLE APPLICABILITY (SAR Section) REMARKS
: 7117.217.3]17.4]7.517.6]7.7
10 CFR Part 50
a. 10 CFR 550,34 Contents of App]icafion: Technical Information X X X X X X X
b. 10 CFR $50.36 Technical Specifications X | x| x| x| x| «x
¢. 10 CFR §50.55a Codes and Standards X X X X X X X
General Design Criteria (GDC),
Appendix A to 10 CFR Part 50
“a.  GDC1 Quality Standards and Records X X X X X X
b. GDC 2 Design Bases for Protection Against Natural
Phenomena X . X X X
c. GDC3 Fire Protection X X X X X X
d. GDC 4 Environmental and Missile Design Bases X1 x| x{ x| x| x
e. GDC 5 Sharing of Structures, Systems, and Components | X X X X X
f.  GDC 10 Reactor Design X | x| x| x| x]|x
g. GDC 12 Suppression of Reactor Power QOscillations X X X X
h. GDC 13 Instrumentation and Control X X X X X X X
i. GDC 15 Reactor Coolant System Design X X X X
j. GDC 19 Control Room X X X X X X X
k. GDC 20 Protection System Functions X x| x| x| x| x
1. GDC 21 Protection System Reliability and Testability X X X X X X
m. GDC 22 Protection System Independence X X X X X1 X
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TABLE 7-1 (CONTINUED)

APPLICABILITY (SAR Section)

CRITERIA , TITLE 7.117.217.317.4|7.5|7.6}7.7 REMARKS
n. GDC 23 . Protection System Failure Modes X X X X X X
o. GDC 24 Separation of Protection and Control Systems X X X X X X X
p. GDC 25 Protection System Requirements for Reactivity
Control Malfunctions X X X
q. GDC 26 Reactivity Control System Redundancy and X X X X X
. Capability
r. GDC 27 Combined Reactivity Control Systems
Capability X X X X X
s. GDC 28 Reactivity Limits X X X X X
t. GDC 29 Protection Against Anticipated Operational
Occurrences X X X X X X. X
u. GDC 33 Reactor Coolant Makeup X X X X
v. GDC 34 Residual Heat Removal X X | x| x| x
w. GDC 35 Emergency Core Cooling X X X X X
x. GDC 37 Testing of Emergency Core Cooling System X X X X X
Y. GDC 38 Containment Heat Removal X X X X
z. GDC 40 Testing of Containment Heat Removal System X X X X
aa. GDC 41 Containment Atmosphere Cleanup X X X X
bb. GDC 43 Testing of Containment Atmosphere Cleanup
Systems X X X X
cc. GDC 44 Cooling Water X X X X
ddl GDC 46 - Testing of Cooling Water System X X X X
ee. GDC 50 Containment Design Basis X X X
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TABLE 7-1 (CONTINUED)

APPLICABILITY (SAR Section)

(ANSI N41.14)

and Circuits

CRITERIA TITLE . 7.117.217.317.417.517.6]7.7 REMARKS
ff. GDC 54 Piping Systems Penetrating Containment X X X X
gg. GDC 55 Reactor Coolant Pressure Boundary
Penetrating Containment X X X X
hh. GDC 56 Primary Containment.Isolation X X X X
ii. GDC 57 Closed Systems Isolation Valves X X X X
Institute of Electrical and
Electronics Engineers (IEEE)
Standards:
a. IEEE Std 279-1971 Criteria for Protection Systems for See 10 CFR §50.55a(h)
(ANSI N42.7-1972) Nuclear Power Generating.Stations X X X X X X X and Reg. Guide 1.62
b. IEEE Std 308-1971 Criteria for Class IE Electric Systems for X X X X See Reg. Guide 1.32.
Nuclear Power Generating Stations
¢. IEEE Std 317-1972 Electric Penetrétion Assemblies in Contain- See Reg. Guide 1.63.
ment Structures for Nuclear Power Generating
Stations X X X X X X X
d. TEEE Std 336-1971 Installation, Inspection and Testing Require- See Reg. Guide 1.30.
(ANSI N45.2.4-1972) ments for Instrumentation and Electric Equip-
ment During the Construction of Nuclear Power
Generating Stations X X X X X X X
e. IEEE Std 338-1971 Criteria for the Periodic Testing of Nuclear
Power Generating Station Protection Systems X X X X X X
f. IEEE Std 344-1971 Guide for Seismic Qualification of Class I
(ANST N41.7) Electrical Equipment for. Nuclear Power
: Generating Stations X X X X X X
'g. TEEE Std 379-1972 Guide for the Application of the Single See Reg. Guide 1.53.
(ANST N41.2) Failure Criterion to Nuclear Power Generating
Station Protection Sytems X X X X X
h. TIEEE Std 384-1974 Criteria for Separation of Class IE Equipment X
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CRITERIA

TABLE 7-1 {CONTINUED)

TITLE

APPLICABILITY (SAR Section)
7.2 7.3 7.4 7.5 7.6

REMARKS

Regulatory Guides (RG)

a.

RG 1.6

Independence Between Reduncant Standby (Onsite)

Power Sources and Between Their Distribution
Systems

RG 1.7

Control of Combustible Gas Concentrations in
Containment Following a Loss of Coolant
Accident

RG

.1

Instrument Lines Penetrating Primary Reactor
Containment

RG

.22

Periodic Testing of Protection System
Actuation Functions

RG

1

.29

Seismic.Design.Classification

RG

.30

Quality Assurance Requirements for the
Instaliation, Inspection, and Testing of
Instrumentation and Electric Equipment

RG

.32

Use of IEEE Std 308-1971, "Criteria for
Class IE Electric Systems for Nuclear
Power Generating Stations"

RG

.47

Bypassed and Inoperable Status Indication for
Nuclear Power Plant Safety Systems

Use in conjunction
with Position 3,
RG 1.17

RG

.53

Application of the Single-Failure Criterion to

Nuclear Power Plant Protection.Systems

RG

.62

Manual Initiation of Protection.Actions

RG

.63

Electric Penetration Assemblies in Containment
Structures for Water-Cooled Nuclear . Power Plants

RG

.68

Preoperational and Initial Startup Test Programs

for Water-Cooled Power Reactors
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TABLE 7-1 (CONTINUED)
APPLICABILITY (SAR Section)

CRITERIA TITLE 71 7.2 7.3 7.4 7.5 7.6 1.7 REMARKS
m. RG1.70 Standard Format and Content .of Safety Analysis
Reports for Nuclear Power Plants, Rev. 2. X X X X X X X
n. RG 1.75 Physical Independence of Electric Systems X X X X
a. RG 1.78 Assumptions for Evaluating the Habitability
of a Nuclear Power Plant Control Room During
a Postulated Hazardous Chemical Release X X
p. RG1.89 Qualification of Class IE Equipment for
Nuclear Power Plants X X X X X X
q. RG1.96 Design of Main Steam Isolation Valve Leakage

Control Systems for Boiling Water Reactor
Nuclear Power Plants X X

Branch Technical Positions

(BTP) EICSB

a. BTP EICSB 1 Backfitting of the Protection and Emergency

Power Systems of Nuclear Reactors X X X X X
b. BTP EICSB 3 Isolation of Low Pressure Systems from the

High Pressure Reactor Coolant System X X X
c. BTP EICSB 4 Requirements on Motor-Operated Valves in the

ECCS Accumulator Lines X X X
d. BTP EICSB 5 Scram Breaker Test Requirements - Technical

Specifications : X X
e. BTP EICSB 9 Definition and Use of "Channel-Calibration" -

Technical Specifications X X X X X
f. BTP EICSB 10 Electrical and Mechanical Equipment Seismic

Quatification Program X X X X X
g. BTP EICSB 12 Protection System Trip Point Changes for

Operation with Reactor Coolant Pumps Out of

Service X X X
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CRITERIA

TABLE 7-1 (CONTINUED)

TITLE

7.1 7.2 7.3 7.4 7.5 7.6 7.7

- APPLICABILITY (SAR Section)

REMARKS

BTP EICSB 13

Design Criteria for Auxiliary Feedwater

Systems X X
BTP EICSB 14 Spurious Withdrawals of Single Control Rods in

Pressurized Water Reactors X X
BTP EICSB 15 Reactor Coolant Pump Breaker Qualification X X
BTP EICSB 16 Control Element Assembly (CEA) Interlocks in

Combustion Engineering Reactors X X
BTP EICSB 18 Application of the Single Failure Criteria to

Manually-Controlled Electrically-Operated Valves X X X X
BTP EICSB 19 Acceptability of Design Criteria for Hydrogen

Mixing and Drywell Vacuum Relief Systems X X X
BTP EICSB 20 Design of Instrumentation and Controls Provided

to Accomplish Changeover from Injection

to Recriculation Mode X X X X
BTP EICSB 21 Guidance for Application of Reg. Guide 1.47 X X X X X X
BTP EICSB 22 Guidance for Application of Reg. Guide 1.22 X X X X X X
BTP EICSB 23 Qualification of Safety-Related Display

Instrumentation for Post-Accident Condition

Monitoring and Safe Shutdown X X
BTP EICSB 24 Testing of Reactor Trip System and Engineered

Safety Feature Actuation System Sensor Response

Times X X X X X
BTP EICSB 25 Guidance for the Interpretation of General Design

Criterion 37 for Testing the Operability of the

Emergency Core.Cooling System as a Whole X X X
BTP EICSB 26 Requirements for Reactor Protection System

Anticipatory Trips X X
BTP EICSB 27 Design Criteria for Thermal Overland Protection

for Motors of Motor-Operated Valves X X X X

Table 7-1: - 7
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.1 INTRODUCTION
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Containment Systems Branch (CSB)
Reactor Systems Branch (RSB)
I.  AREAS OF REVIEW
Section 8.1 of the applicant's safety analysis report (SAR) is reviewed to determine the
adequacy of the information presented with reference to the information requirements of

the corresponding section of the Standard Format, Revision 2 (Item 4.1 of Ref. 1).

The review is also to include evaluation of the proposed technical specifications (SAR
Chapter 16) to assure that they are adequate with regard to limiting safety system set-
tings, limiting conditions for operation, and periodic surveillance testing.

The secondary review branches (APCSB, CSB, and RSB) review the l1isting of safety loads for
completeness, i.e., to verify that all safety loads within their respective areas of pri-
mary review responsibility have been identified. If loads other than those identified
are deemed tb be safety-related, this information will be transmitted to EICSB.

I1I. ACCEPTANCE CRITERIA ‘
The description of the power grid and offsite power system is acceptable when it can be
concluded that the interrelationships between the nuc]eér unit, the utility grid, and the
interconnecting grids are clearly defined. The identification of safety loads is accept-
able when it can be concluded that all systems and devices that require electric power
(a-c or d-c) to perform safety functions are identified.

Table 8-1, "Acceptance Criteria for Electric Power,” lists the criteria currently applied
by the staff to safety-related electric power systems. Implementation of these criteria
will provide assurance that safety-related electric power systems'wil1 perform design

safety fupctions as required. The applicant's list of design criteria for safety-related

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl: R staff ible for the review of applications to construct and
operate nuclear power plants. These d. are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
g | public of reg Y pr di and policies, Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and

compliance with them s not required. The dard review plan are-keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan,

Published standard review plans will be revised periodically, -as :appropri; to d and to reflact new information and experience.

C and suggesti for impr will be idered and should.be sent to the U.S. Nucl y C ission, Office of N R
Rsgulation, Washington, D.C. 20555.
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electric power systems is acceptable if it includes the items in Table 8-1, and if the SAR
contains a statement to the effect that these criteria will be implemented (at the construc-
tion permit stage) or are implemented (at the operating license stage) in the design of the
electrical power systems.

The fundamental bases for acceptance of the proposed technical specifications are that the
limiting conditions for operation (LCO's) are such that sufficient equipment will be avail-
able for operation as required to meet the single failure criterion; that equipment outages

‘that are permissible for a short period of time still leave available sufficient equipment

to provide the protective function assuming no failures; and that the provisions of the
technical specifications are compatible with the safety analyses. The operating procedures
and restrictions which should be implemented if the available electric power sources are
less than the LCO are discussed in Regulatory Guide 1.93.

REVIEW PROCEDURES

The objective of the review of Section 8.1 of the SAR is to determine if the information
requirements defined in the corresponding section of the Standard Format, Revision 2,
have been met.

The information presented should include: a brief description of the utility grid and

its interconnections to other grids and to the nuclear unit (referred to as the pre-

ferred power system); a brief general description of the onsjte power system (referred

to as the standby power system):; identification of the safety loads (i.e., the systems

and devices that require electric power to perform safety functions); identification

of the function performed by each load (e.g., emergency core cooling, containment

cooling); the type of electric power (a-c or d-c) required by each load; and the design
bases, criteria, standards, regulatory guides, and technical positions that will be imple-
mented in the design of the safety-related electric power systems, including a discussion
and a positive statement with regard to conformance of the design to each of these crtieria.

The review is performed as follows:

1. EICSB will establish that the utility grid is adequately described, and that the
interconnections between the nuclear unit, the utility grid, and other grids are
clearly defined. The descriptions should state whether facilities are existing
or planned; if planned, the respective completion dates should be provided. The
descriptions should not conflict with the more detailed information in subsequent
sections of Chapter 8, and may reference these sections.

2. EICSB confirms that the description of the onsite power system (standby power system)

is not in conflict with the more detailed information on this system in subsequent
sections of Chapter 8.

8.1-2
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3. EICSB will establish that all the devices and systems that require electric power to

perform safety functions are identified, and that this identification does not conflict
with the more detailed infromation provided in other sections of the SAR, partifularly
in Chapters 7 and 8. The definitions of safety-related systems in Standard Review

Plan (SRP) 7.1 should be used as an aid in assessing the completeness of the identifi-
cation of safety loads. Care should be exercised to assure that those loads required
to maintain the plant within the envelope of operating conditions postulated in the
accident analysis are identified as safety loads. Requests for evaluation should be
made to the secondary review branches when there are novel designs or significant
differences of opinion with regard to designations of safety loads.

4. The secondary review branches (APCSB, CSB, RSB) will confirm the identification of

all safety loads within their respective areas of primary review responsibility. If
loads other than those identified are deemed to be safety-related, this information
should be transmitted to EICSB.

5. EICSB will confirm that the critekia identified as being applicable to the design of

safety-related electric power systems include those items listed in Table 8-1. This
will assure that the identification requirements of General Design Criteria (GDC) 1

of Appendix A of 10 CFR Part 50 are met. GDC 1 also require that “structures,

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

and tested to quality standards commensurate with the importance of the safety function
to be performed." Therefore, the SAR should include a discussion regarding the

applicability of the criteria listed and a statement to tHe effect that the criteria
will be implemented (CP) or are implemented (OL) in the design of safety-related
electrical power systems. ' i

6. The proposed plant technical specifications (Chapter 16) are reviewed by EICSB and

the secondary review branches to:

a. Confirm the suitability of the 1imiting safety system settings and the limiting
conditions for operation, including the proposed time limits and reactor operating
restrictions for periods when system equipment is inoperable due to repairs and
maintenance.

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

For a construction permit (CP) review, it is only necessary to confirm that the applicant
has identified those variables, conditions, or other items which have been determined to

be probable subjects of the technical specifications. (See 10 CFR § 50.34 (a)(5).) The
applicant's justification for the selection of those items is evaluated, with special
attention to any that may significantly influence the final design. The specific provisions
of the proposed technical specificatiohs are not approved during the CP review. However,
any specific provisions which are known to be unacceptable or which may influence acceptance
of the preliminary design of the plant should be brought to the applicant's attention and,
if appropriate, included in thatlportion of the staff's evaluation findings pertaining to
the design of the affected systems.

8.1-3
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For an operating license (OL) review, the proposed technical specifications are reviewed

EICSB areas of review, a check is made that the limiting conditions for operation (LCO)
correspond to the surveillance requirements; i.e., for each system or component that is
the subject of a LCO, there must be corresponding surveillance requirements. Each system

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

or component that performs a function for which credit is taken in the accident analyses
should be the subject of an LCO. The 1imiting safety system settings should agree with

the values assumed in the accident analyses, including appropriate allowances for instrument
error, drift, etc. If the acceptance of the design of a particular system is based upon
required plant conditions or particular operating procedures, such requirements should be
included in the final technical specifications and, if appropriate, noted in that portion

of the staff's evaluation findings pertaining to the design of the affected system. Operat-
ing procedures and restrictions acceptable to the Regulatory staff which should be imple-
mented if the available electric power sources have less than the LCO are presented in
Regulatory Guide 1.93. :

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

review supports conclusions of the following type, to be included in the staff's safety
evaluation report:

"The applicant has identified safety-related electric power systems, safety loads,
and applicable power system criteria, and has documented his intent to design and
construct these systems in accordance with the criteria. It is concluded that design
and construction of safety-related electric power systems in accordance with the

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

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

8.1-4
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.2 OFFSITE POWER SYSTEM
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch {EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Reactor Systems Branch (RSB)
Quality Assurance Branch (QAB)
I. AREAS OF REVIEW
The descriptive information, analyses, and referenced documents, including electrical
single 1ine diagrams, electrical schematics, logic diagrams, tables, and physical arrange-
ment dkawings'for the offsite power systems, presented in the applicant's safety analysis
report (SAR), are reviewed. The intent of the review is to determine that this system
satisfies applicable acceptance criteria and will perform its design functions during
plant normal operation, anticipated operational obcurrences, and in accident conditions.
The information provided at the construction permit (CP) stage should show that the design
will be in conformance with the acceptance criteria and should support a statement to this
effect to be included in the staff's construction permit safety evaluation report. At
the operating license (OL) stage, review of the final design information and a site visit
should establish that the design criteria have been correctly implemented, that the
design meets the requirements of the safety analyses and conforms to the acceptance
criteria, and should support a statement to this effect to be included in the staff's
operating license safety evaluation report.

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

the "preferred power system." It includes two or more identified power sources capable of
operating independently of the onsite or standby power sources and encompasses the grid,
transmission Tines (overhead or underground), transmission line towers, transformers,
switchyard components and control systems, switchyard battery systems, the main generator,
and disconnect switches, provided to supply electric power to safety-related and other
equipment.

The EICSB will pursue the following phases in review of the preferred power system.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl R staff r ible for the review of applications to construct and
operate nuclear power plants. These d are made il to the public as part of the Commission’'s policy to inform the nuclear industry and the
general public of K Y p. d and ies. S dard review plans are not substitutes for regulatory guides or the Commission's regulations and
compliance with them is not required. The d review plan i are keyed to Revigion 2 of the Standard Format and Content of Safety Analysis Reports

for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

d

Published standard review plans will be revised periodically, as appropriate, to and to reflect new information and experience.

Ci and i for impr will be idered and should‘be sent to the U.S. Nucl y Ci i Office of Nucl
Regulation, Washington, D.C. 20555.
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The preferred power system arrangement is reviewed to determine that the required
minimum of two separate circuits from the transmission network to the standby-power
distribution system is provided. In determining the adequacy of this system, the
independence of the two (or more) circuits is examined to see that both electrical

and physical separation exists so as to minimize the chance of simultaneous failure.
This includes a review of the assignment of power sources from the grid, location of
rights-of-way, transmission lines and towers, transformers, switchyard interconnections
(breakers and bus arrangements), switchyard control systems and power supplies,
location of switchgear {in p]ant), 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 is evaluated. The scope of review extends to the safety-related distribution
system buses that are capable of being powered by standby power sources. It does not
include the supply breakers of the safety-related distribution system buses. This
evaluation will include a review of the electrical protective reTaying and breaker
control circuits and power supplies to assure that loss of one preferred system circuit
will not cause or result in loss of the redundant counterpart, nor any standby power
system sources. S

Design information and analyses demonstrating the suitability of the power sources,
transmission lines, breakers, and transformers used for supplying preferred power
from a distant source are reviewed to assure that each path has sufficient capacity,
capability, and reliability to perform its intended function. This will require
examination of loads required to be powered for each plant operating condition;
continuous and fault ratings of breakers, transformers, and transmission lines;
loading, unloading, and transfer effects on equipment; and powek capacity avail-
able from each source.

The instrumentation required for monitoring and indicating the status of the pre-
ferred power system is reviewed to assure that any change in the preferred power
system which would prevent it from performing its intended function will be
immediately identified by the control room operator. Also, all instrumentation
for jnitiating safety actions associated with the preferred power system is
reviewed.

Preoperational and initial startup tests and programs and periodic testing
capabilities are reviewed.

The EICSB will also review the following:

a. Environmental conditions such as those resulting from floods, hurricanes,
high and Tow atmospheric temperatures, rain, and snow are considered in the
review of the preferred power system to determine any effects'on function.

b. Quality group classifications of equipment of the preferred power system are
reviewed.
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c. The equipment and functions of the preferred power systems that are used as
a basis for assumptions in the accident analyses are reviewed to assure that
they conform to the requirements of those assumptions.

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

a. Environmental désign and qualification testing of electrical equipment are
addressed in Standard Review Plan (SRP) 3.11.

b. Technical specification requirements imposed upon the operation of the
preferred power system are discussed in Chapter 16 of the applicant's safety
analysis report (SAR). The review of technical specifications for the pre-
ferred power systems is covered in SRP 8.1.

c. The APCSB 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 ChaptersAQ and 10. These include such systems as heating and
ventilation systems for switchgear in the circuits from the preferred power
sources to the standby power distribution system buses and main generator
auxiliaryy systems such as the cooling water system, hydrogen cooling system,
electrohydraulic system, air supply syétem, and fire detection system.

d. The APCSB 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 experi-
ence simultaneous failure under operating or postulated accident environment-
al conditions.

e. The RSB and APCSB will be consulted as required to assure proper identifica-
tion of the electrical equipment and systems required as a function of time
for each mode of reactor operation and accident condition.

ACCEPTANCE CRITERIA

In general, the preferred power system is acceptable when it can be concluded that two
separate paths from the transmission network to the standby power distribution system are
provided; adequate physical and electrical separation exists; and the system has the capacity,
capability, and reliability to supply power to all safety loads and other required

equipment,

Table 8-1 lists general design criteria (GDC), standards of the Institute of Electrical and
Electronic Engineers (IEEE), regulatory guides, and staff technical positions

utilized as the bases for arriving at this conclusion. In addition, the references include
documents used by the reviewer as aids in ascertaining that the criteria have been met.
Section III of this plan discusses the application of these documents to the review.

Details of the application of the acceptance criteria to the areas of review described in
Section I of this plan are as follows:

8.2-3
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1. System Design Requirements. ,
a. GDC 33, 34, 35, 41, and 44 set forth requirements for the safety systems that must
be supplied by the preferred power system. Also, these criteiia state that safety
system redundancy shall be such that, for preferred power system operation {assuming

standby power is not available), the syStem safety function can be accoﬁp]ished
assuming a single failure. The acceptability of the preferred power system design
in this regard is based on its capability to supply the redundant safety components
and systems required by these GDC.

b. GDC 17 requires two physically independent circuits from the offsite grid.

c. The preferred power system must be independent of the standby power system.
The basis for acceptance is that no single event, including a single protect-
ive relay, interlock, or switchgear failure, in the event of loss of standby
power, will prevent the separation of the preferred power system from the
standby power system or prevent the preferred power system from accomplishing
its intended functions. The design must satisfy the requirements of GDC 17.
in this regard. In addition, the preferred and standby power supplies should
not have common failure modes, as required by Section 5.2-1(5) of IEEE Std
308. To assure that the preferred power system satisfies.the requirements of
GDC 17, as supplemented by GDC 34, 35, 38, 41 and 44, an acceptable désigh must
be capable of restoring the preferred power supply after the loss of either
circuit in a time period such that the plant can be safely shutdown, taking into
account the effects of a single failure in the safety-related distribution system.

2. Testing, Quality Assurance, and System Operability Surveillance.

a. To assure that the requirements of GDC 1 are met in the preferred power system,

the quality assurance program must satisfy the requirements of IEEE Std. 336,
as augmented by Regulatory Guide 1.30.

b. Preoperational and initial startup test programs should be in accordance with
Regulatory Guide 1.68, as augmented by Regulatory Guide 1.41. To assure that
the .periodic onsite testing capabilities satisfy the requirements of GDC 18
and 21, an acceptable testing program must satisfy Regulatory Guide 1.22.

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 Positien EICSB 21.

3. Secondary Review Branch Areas.

For those areas of review identified in Section I of this plan as being the respon-
sibility of other branches, the acceptance criteria are included in the applicable
standard review plans. Some areas of review require close coordination between
primary and secondary review branches in determining that a certain aspect of the
design conforms with the criteria.

III. REVIEW PROCEDURES
The general objectives in the review of the preferred power system are to determine that

this system satisfies the acceptance criteria and can reliably and adequately perform
the functions that are assumed and used as a bases in the accident analyses for normal ‘

8.2-4
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and abnormal plant conditions. In the CP review, the descriptive information, including the
design bases and their relation to the acceptance criteria, preliminary analyses, electrical
single 1ine diagrams, and preliminary physical arrangement and layout drawings are examined
to determine that the final design will meet this objective if properly implemented. During
the OL review, -this objective is verified by examination of final electrical schematics,
physical arrangement and layout drawings, and equipment ratings identified in the SAR and
confirmed during a visit to the site (SRP Appendix 7-B). To assure that the applicable
criteria of Table 8-1 are satisfied, the review of the proposed design is performed as
follows:

1.  An understanding of the design bases, normal and abnormal operation modes, accident
analyses, and plant equipment is required to evaluate the design and acceptability of
the preferred power system. This information is gained by reading the SAR and in
discussions with the applicant.

2. To assure that the requirements of GDC 17 are satisfied, the following review steps
should be taken (as applicable for a CP or OL review):

a. The electrical schematics should be examined to assure that at least two separate
circuits from the transmission network to the standby power distribution system
buses are provided (a switchyard may be common to these paths).

~ b. The routing of transmission lines should be examined on the station layout drawings
and verified during the site visit to assure that at least two independent circuits
from the offsite grid to the safety-related distribution buses are physically
separate and independent. Preferably these lines should enter the station on
separate rights-of-way, ideally on opposite sides of the switchyard, should Teave
the switchyard on opposite sides, and should terminate at transformers located on
opposite sides of the reactor or turbine buiiding. No other line should cross
these two circuits. As physical separafion becomes less than the ideal, attention
should be directed towards assuring that no single event such as a tower falling
or a line breaking can simultaneously affect both circuits in such a way that
neither can be returned to service in time to prevent fuel design limits or design
conditions of the reactor coolant pressure boundary from being exceeded.

c. As the switchyard may be common to both circuits from the offsite grid to the
safety-related distribution buses, the electrical schematics of the switch-yard
breaker control system and power supply and the breaker arrangement itself should
be examined for the possibility of simultaneous failure of both circuits from
single events such as a breaker not operating during fault conditions, loss of a
control circuit power supply, etc.

d. The design is examined to determine that one of the two circuits can immedi-
ately provide power to safety-related equipment following a loss-of-coolant
accident. GDC 17 does not require this circuit in itself to be single failure-
proof for this accident. However, it is required that each circuit be avail-
able in sufficient time to prevent fuel design limits and design conditions of
the reactor collant pressure boundary from being exceeded. Therefore, the
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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 inciuding control circuit power supplies. Designs that
do not provide redundant control circuits must be justified by an analysis
which shows the period of time that the station can remain in a safe condition
assuming no a-c power is available. The time established in this analysis
must be greater than the time required to re-establish a-c power from the
offsite grid to the safety-related distribution bus for each sihg]e failure
event. These designs sometimes depend on manual operation of the switchyard
breakers, which involves an operator going to the yard and manually actuating
valves controlling high pressure air stored in accumulators to open the break-
ers. It has been found in past reviews that several designs were such that
the breakers could not be manually released by this action or by other means.
Other items to be evaluated concern the consequences of shorting of switchyard
buses, battery failures, status of breaker air accumulators, breaker failures,
routing of control circuits and power supplies, shorting of transmission lines,
and the design of a back-feed path through the main generator transformer if
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 is connected to during normal or abnormal operating condi-
tions, accident conditions, or plant shutdown conditions. Therefore, the
loads to be supplied during these conditions should be determined from infor-
mation provided by the RSB as to the equipment required to be operable for
each condition. The capacity and electrical characteristics of transformers,
breakers, buses, transmission lines, and the offsite grid power source for each
path should be evaluated to assure that there is adequate capability to supply
the maximum connected Toad during all plant conditions. The design should be
examined to assure that during transfer from one power source to another the
design limits of equipment are not exceeded.

The results of the grid stabi]ity analysis must show that loss of the largest
single supply to the grid does not result in the complete loss of preferred
power. The analysis should consider the loss, through a single event, of the
largest capacity being supplied to the grid or removal of the largest load
from the grid. This could be the total output of the station, the largest
station on the grid, or possibly several large stations if these use a common
transmission tower, transformer, or a breaker in a remote switchyard or sub-
station.” The station layout and the grid system layout drawings are reviewed
to determine that all events were included in the analysis.

The applicant should include in the grid stability analysis the consideration
of failure modes that could result in frequency variations exceeding the max-
imum rate of change determined in the accident analysis for loss of reactor

coolant flow.
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g. During the review of the electrical schematics, it should be determined that
loss of standby power will not result in loss of preferred power, loss of one
preferred power circuit will not result in loss of the other circuit, and loss
of the main generator will not result in loss of either preferred power
circuit.

To assure that the requirements of GDC 18 and 21, and Regu]ator& Guide 1.22 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 main generator supply to the preferred power system, or to any other
supply. It should also be established that the circuitry required to perform these
transfer functions has the capability of being tested during plant operation.

To assure that the requirements of GDC 33, 34, 35, 38, 41 and 44 are satisfied, the
electrical schematics of the systems required for reactor ‘coolant makeup, residual
heat removal, emergency core cooling, containment heat removal, containment atmo-
sphere cleanup, and cooling water should be examined to assure that the circuits
from the preferred power system can supply these systems assuming a single failure
in these systems. Each of the circuits should be physically separate and independ-
ent of the other. If the minimum design required by GDC 17 is provided, the
immediately available preferred circuit must be made available to the redundant
portions of these systems.

To assure that the requirements of GDC 1 are satisfied, it should be determined

that the design criteria and quality group classifications for all equipment conform
to current codes and standards. The QAB will determine the adequacy of the quality
assurance program.

To assure that the requirements (excluding seismic) of GDC 2 are satisfied, the QAB
will provide information on the maximum probable flood, wave runup, hurricanes, high
and Tow atmospheric temperatures, 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 .location could be affected
by the maximum probable flood, wave runup, or hurricane conditions. Transmission lines
and the ability to restore a preferred circuit could be affected by hurricanes, high or
low temperatures, or rain and snow conditions.

To assure that the requirements of GDC 3 are satisfied, it should be determined

that the equipment of the preferred power system is designed and located to mini-
mize, consistent with other safety requirements, the probability and effects of

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

should ascertain this. The APCSB 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. '
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8. To assure that the requirements of GDC 4 areAsatisfiéd, the APCSB will keview
the location of structures, systems, and components of the preferred power system
to determine the protection provided against dynamic effects, including effects of

missiles, pipe whipping, and discharging fluids, that may result from equipment
failures and from events and conditions outside the station. This information will
be used to determine the possibility of simultaneous loss of both paths of pre-
ferred power.

9. To assure that the requirements of GDC 5 are satisfied, the structures, systems,
and components of the preferred power systems will be examined to identify any
that are shared between units of a multi-unit station. These will be reviewed
to ascertain that they are capable of performing all required safety functions in
the event of an accident in one unit, with a simultaneous orderly shutdown and
cooldown of the remaining units, Review of the design criteria should establish
that the capacity and capability of incoming lines, power sources, and transformers
for each required circuit have margin to achieve this. Spurious or false accident
signals should not overload these circuits. SRP 8.3 further discusses spurious or
false accident signal considerations.

10. To assure that the requirements of GDC 13 are satisfied, the preferred power system
instrumentation provided to monitor variables and systems over anticipated ranges
for normal operation, anticipated abnormal occurrences, and accident conditions
should be identified during the electrical schematic and system description review,
It should be ascertained that these instruments present -status information that can
be used to determine the condition of the preferred power system at all times.

Review of the electrical schematics should determine that controls (automatic and
manual) are provided to maintain these variables and systems within prescribed
operating ranges. It should also be determined during the review of the electrical
schematics that single failures of these controls and instruments will not violate
the requirements of GDC 17. ’

11.  The review of the electrical schematics of the automatic load dispatch system
should ascertain that the reactor protection system is designed to prevent any
load dispatch system actions that could interfere with safety actions during periods
when safety actions are required. The results of analyses of this system should be
reviewed to assure that no failure mode of the Toad dispatch system will cause an
incident at the generating station or interfere with any protective action required.

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 a non-uniform placement of emphasis are the introduction of new design features or the
utilization in the design of design features previously reviewed and found acceptable.
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Iv. EVALUATION FINDINGS
‘ The reviewer verifies that sufficient information has been provided and that the review

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

"The offsite power system includes two or more identified power sources from the
grid, transmission lines (overhead and underground), transmission line towers,
transformers, switphyards and switchyard component control systems, switchyard
battery systems, the main generator, and disconnect switches used to supply electric
power to safety-related and other equipment. The review of the offsite power system
for the plant covered single 1ine diagrams (CP and OL), station lay-
out drawings (CP and OL) and schematic diagrams (OL), and descriptive information.
The review included the applicant's proposed design criteria and design bases for
the offsite power system and his analyses of the adequacy of those criteria and
bases. The review also included the applicant's analyses of the manner in which

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

"The basis for acceptance in the staff review has been conformance of the appli-
cant's designs, design criteria, and design bases for the offsite power system to
the Commission's regulations as set forth in the general design criteria, and to
applicable regulatory guides, staff technical positions, and industry standards.
These are listed in Table 8-1. (Table 8-1 should be included in the safety evalu-
ation report, either at this point in 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 7-B, "General Agenda, Station Site Visits."

“lllb 8.2-9
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

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

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Containment Systems Branch (CSB)
Mechanical Engineering Branch (MEB)
Quality Assurance Branch (QAB)
Reactor Systems Branch (RSB)
I. AREAS OF REVIEW
The descriptive information, including functional logic diagrams, functional piping and in-
strument diagrams, electrical single 1ine diagrams, physical arrangement drawings, and

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

NUREG-75/087

analysis report (SAR), are reviewed. The intent of the review is to determine that the a-c

onsite power system satisfies applicable acceptance criteria and will perform its intended
functions during all plant operating and accident conditions.

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

the “standby power system.” It includes those power sources, distribution systems, and vital

supporting systems provided to supply power to safety-related equipment and capable of
operating independently of the offsite power system (refefred 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 review plan. Other power sources such as nearby
hydroelectric, nuclear, or fossil units including gas turbine-generator sets will not be
addressed herein. These power sources will continue to be evaluated on an individual case
basis until staff technical positions applicable to them are developed. In addition, those
interface areas between the standby and preferred power systems at the station distribution
system level are within the scope of review of this plan insofar as fhey relate to the
independence of the standby power system.

The EICSB will pursue the following phases in the review of the standby power system during
both the construction permit (CP) and operating license (OL) stages of the licensing
. process:

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl R ion staff r ible for the review of applications to construct and
operate nuclear power plants. These documents are made available to the public as part of the Commlsslon 8 policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safaty Analysis Reports
for Nuciear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nucl R I y C ission, Office of N
Regulation, Washington, D.C. 20555.
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System Redundancy Requirements

The standby power system is reviewed to determine that the required redundancy of
safety-related components and systems is maintained in the standby power system with
regard to both power sources and associated distribution systems. This will include
an examination of the standby power network configuration including the power supply
feeders, switchgear arrangement, Toads suppiied from each bus, and power connections
to the instrumentation and control devices of the power system.

Conformance with the Single Failure Criterion

In establishing the adequacy of this system to meet the single failure criterion, both
electrical and physical separation of redundant power sources and associated distribu-
tion systems are examined to assess the independence between redundant portions of the
system. This will include a review of interconnections between redundant buses, buses
and loads, and buses and power supplies; physical arrangement of redundant switchgear
and power supp]ieé; 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 ths same site, the adequacy of such a design
to meet the single failure 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 plan as the offsite or preferred
power sources). It includes the supply breakers connecting the "low" side of these
transformers to the distribution buses. This evaluation includes a review of the
electrical protective relaying circuits and power supplies to assure that in the
event of a loss of preferred power, the independence of the standby power system

is established through prompt opening of isolation-feeder breakers. Also, the
capability of the preferred power system circuits to deliver power to the safety-
related buses is reviewed to assure that no single failure will result in loss of
the minimum required redundancy of the preferred power circuits to the safety-
related buses.

Standby Power Supplies

Design information and analyses demonstrating the suitability of the diesel gen-
erators as standby power supplies are reviewed to assure that the diesel generators
have sufficient capacity, capability, and reliability to perform their intended
function. This will include an examination of the characteristics of each load

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

to each diesel generator during the "worst" operating condition, automatic and manual
Toading and unloading of each diesel generator, voltage and frequency recovery
characteristics of the diesel generators, continuous and short-term ratings for

the diesel generators, acceptance criteria with regard to the number of successful
diesel generator tests and allowable failures to demonstrate acceptability, and
starting and load shedding circuits. In addition, where the proposed design provides
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for the connection of non-safety loads to the diesel generators or sharing of diesel
generators between nuclear units at the same site, particular review emphasis is
given to the possibility of marginal capacity and degradation of reliability that
may result from such design provisions.

Identification of Cables, Cable Trays, and Terminal Equipment

The means proposed for identifying the standby power system cables, cable trays, and
terminal equipment as safety-related equipment in the plant are reviewed. Also, the
identification scheme used to distinguish between redundant cables, cable trays, and
terminal equipment of the power system is reviewed. ‘

Vital Supporting Systems _
The instrumentation, control circuits, and power connections of vital supporting
systems are reviewed to determine that they are designed to the same criteria as

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

an examination of the vital supporting system component redundancy; power feed
assignment to instrumentation, controls, and loads; initiating circuits; load character-
istics; equipment identification scheme; and design criteria and bases for the
installation of redundant cables.

System Testing and Surveillance

Preoperational and initial startup test programs and periodic onsite testing cap-
abilities 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 Standard Review Plan (SRP) 3.11.

b. Onsite d-c control power feeds to the standby power system are addressed in
SRP 8.3.2.

c. Technical specification requirements imposéd 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 8.1.

d.  The APCSB, under the 9.5 standard review plans, will identify and evaluate the
adequacy of those auxiliary systems that are vital to the proper operation of
the standby power system and its connected Class IE loads. These include such
systems as the heating and ventilation systems for switchgear and diesel
generator rooms and all diesel generator auxiliary systems such as the cooling
water system, combustion air supply system, starting system, fuel oil storage
and transfer system, and fire detection and protection system. In particular,
it will determine that the piping, ducting, and valving arrangement of
redundant vital auxiliary supporting systems meet the single failure criterion.
In addition, the APCSB will examine the physical arrangement of components and
structures for Class IE systems and their supporting auxiliary systems, and

determine that single events and accidents will not disable redundant features.
8.3.1-3
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II.

e. The CSB, under the 6.2 standard review plans, will identify those containment
ventilation systems provided to maintain a controlled environment for safety-
related instrumentation and electrical equipment Tocated inside the containment. ‘

f. The MEB, under SRP 3.10, will review the criteria for seismic qualification
and the test and analysis procedures and methods to assure the operability of
Category I instrumentation and electrical equipment, including cable trays, switch-
gear, control room boards, and instrument racks and panels, in the event of a
seismic occurrence.

g. The QAB, under SRP 17.1 and 17.2, will verify the adequacy of the quality as-
surance program for the installation, inspection, and testing of Class IE
instrumentation and electrical equipment and will coordinate the requirements
for the technical specifications.

h. The RSB, under the 5.4, 6.3, and 15.0 standard review plans,will identify the
engineered safety feature (ESF) and safe shutdown loads and systems and will
verify that the minimum time intervals for the connection of ESF loads to the
standy power system during accident conditions are satisfactory.

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

tem has the required redundancy, meets the single failure criterion, and has the capacity,
capability, and reliability to supply power to all required safety loads. Table 8-1

lists general design criteria (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 conclusion. Also, Table 8-1 includes those evaluation
guides used by the reviewer as aids in ascertaining that the criteria have been met. ‘
Section III of this plan discusses the application of these evaluation guides to the

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

Section I of this plan is as follows:

1. System Redundancy Requirements
GDC 33, 34, 35, 38, 41, and 44 set forth requirements with regard to the safety systems
that must be supplied by the standby power system. Also, these criteria state that

safety system redundancy should be such that for standby power system operation (assuming
preferred power is not available), the system safety function can be accomplished
assuming a single failure. The acceptability of the standby power system with regard

to redundancy is based on conformance to the same degree of redundancy required of
safety-related components and systems by these GDC.

2. Conformance with the Single Failure Criterion

As required by GDC 17, the standby power system must be capable of performing its

safety function assuming a single failure. To meet this requirement, electrical

independence between redundant portions of this system must be maintained. An

acceptable design in this regard is one that conforms to IEEE Std 308 and follows the
recommendations of Regulatory Guide 1.6. Should the proposed design provide for

sharing of the standby power system between units at the same site, the governing

criteria stated in IEEE Std 308 are not explicit enough to be used as the basis for ‘

8.3.1-4
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acceptance. Therefore, the acceptability of such a design to meet the single failure
criterion is based on the design satisfying the recommendations of Regulatory Guide
1.81. This Guide sets forth acceptable bases for implementing the requirements of
GDC 5, "Sharing of Structures, Systems, and Components." To assure that physical
independence of redundant equipment, including cables and cable trays, is maintained
in accordance with meeting the requirements of GDC 2, 3, and 4, an acceptable
design arrangement must satisfy the requirements set forth in IEEE Std 384, as
augmented by Regu]atory 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 limit
the standby power system in accomplishing its intended function. To assure the
independence of the standby power system in the event of a failure in the preferred
power system, an acceptable design must satisfy the requirements of GDC 17. In addition,
the preferred and standby power supplies should not have common failure modes, as
required by Section 5.2.1 (5) of IEEE Std 308. In assuring that the design of the
preferred power circuits to the safety-related buses is consistent with satisfying the
power availability requirements of GDC 17, as supplemented by GDC 34, 35, 38, 41 and
44, an acceptable design must be capable of withstanding the effects of a single
failure without a reduction of the capability of the preferred power circuits to less
than the minimum required for safety.

Standby Power Supplies

a. The capacity, capability, and reliability of the standby. power supply diesel
generator sets are acceptable if the basis for selection of the diesel generator
sets follows the recommendations of Regulatory Guide 1.9.

b. If the broposed design provides for sharing of the standby power system between
units at the same site, the acceptance criteria utilized in determining that
such a design complies with the requirements of GDC 5 are given in Regulatory
Guide 1.81. This guide sets forth two principal positions. Position 2 is being
applied to reviews for all operating license and construction permit applications
docketed prior to June 1, 1973. In essence, Position 2 permits sharing if the
standby power system has sufficient capacity and capability to supply the minimum
ESF loads in any unit and also the equipment needed to safely shut down the remain-
ing units. The capacity and capability are acceptable if system safety functions
can be accomplished in the event of an accident in one unit, assuming a single
failure or a spurious or false accident signal from another unit and loss of
preferred power. Position 3 is being applied to construction permit applications
docketed after June 1, 1973. It prohibits the sharing of standby power systems
between nuclear units.

¢. Should the proposed design provide for the connection and disconnection of non-
class IE loads to and from the Class IE standby power supplies, it should conform
to IEEE Std 384, as augmented by Regulatory Guide 1.75, with respect to the role

8.3.1-5

11/24/75



11/24/75

isolation devices play in this regard. The design must be such as to assure that
the interconnections and the added non-class IE loads will not result in any
degradation of the Class IE system.

d. Diesel generator qualification testing programs are acceptable if they satisfy
Position 5 of Regulatory Guides 1.6 and 1.9, as augmented by Branch Technical
Position EICSB 2.

e. Regarding the design of thermal overload protection for motors of motor-operated
safety-related valves, the acceptability of the design is based on Branch
Technical Position EICSB 27.

Identification of Cables, Cable Trays, and Terminal Equipment

The method used for identifying standby power system cables, cable trays, and terminal
equipment as safety-related equipment in the plant, and the identification scheme used
to distinguish between redundant cables, cable trays, and terminal equipment are
acceptable if in accordance with IEEE Std 384 as supplemented by Regulatory Guide
1.75.

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

identified as vital to the proper functioning of Class IE systems are acceptable if
the design conforms to the same criteria as for the Class IE systems supported.

System Testing and Surveillance
To assure that the preoperational and initial startup test programs for the standby .

power system meet the requirements of GDC 1, they must be in accordance with Regulatory
Guide 1.68, as augmented by Regulatory Guide 1.41. To assure that the periodic

onsite testing capabilities satisfy the requirements of GDC 18 and 21, an acceptable
testing program should include the positions of Regulatory Guide 1.22. With regard

to surveillance of the standby power system operability status, an acceptable design
should satisfy the positions of Regulatory Guide 1.47, as augmented by Branch Technical
Position EICSB 21.

Fire Stops and Seals

The basis for acceptance of fire stops and seals is the use of noncombustible and heat
resistant materials as described in GDC 3 at all penetrations of walls and floors and at
specified intervals of longer cable runs. In addition, it should be acceptably demon-
strated that the means provided for fire detection and extinguishment will prevent a fire
in one system from propagating to another redundant system within the time frame
constraints of the fire stops themselves.

Other Review Areas
For those areas of review identified as being the responsibility of other branches,

the acceptance criteria and their application to the areas of review are included in

the appropriate standard review plans. However, there are some acceptance criteria

that are commonly used by both primary and secondary review branches as the basis for
determining that a design is acceptable. For the standby power system, these criteria

and their application to the areas of review are as follows: ‘
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a. Seismic Design Requirements

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

"and electrical equipment, both the MEB and EICSB will perform reviews in this

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

Std 344, "Guide for Seismic Qualification of Class I Electric Equipment for

Nuclear Power Generating Stations," as supplemented by Branch Technical Position

EICSB 10, "Electrical and Mechanical Equipment Seismic Qualification Program."
b. Quality Assurance

To assure that the requirements of GDC 1 are met in the standby power system, the

quality assurance program for the Class IE instrumentation and electrical equip-
ment must satisfy the requirements of such standards as -IEEE Std 336, "Instal-
lation, Inspection, and Testing Requirements for Instrumentation and Electric
cquipment during the Construction of Nuclear Power Generating Stations," as
augmented by Regulatory Guide 1.30, "Quality Assurance Requirements for the
Installation, Inspection and Testing of Instrumentation and Electric Equipment."
~ Both the QAB and EICSB will perform reviews in this regard to ascertain that the
proposed quality assurance program is consistent with the acceptance criteria.

ITI. REVIEW PROCEDURES

The main objectives in the review of the standby power system are to determine that this
system has the required redundancy, meets the single failure criterion, and has the
capacity, capability, and reliability to supply power to all required safety loads. In
the CP review, the descriptive information, including the design bases and their relation
to the acceptance criteria, preliminary analyses, electrical single line diagrams,
functional logic diagrams, preliminary functional piping and instrumentation diagrams
(P&IDs), and preliminary physical arrangement drawings are examined to determine that
there is reasonable assurance that the final design will meet these objectives. -At the
OL stage, these objectives are verified during the review of final electrical schematics,
functional P&IDs, and physical arrangement drawings and are confirmed during a visit to
the site. To assure that these objectives have been met in accordance with the require-
ments of the criteria, the review is performed as detailed below.

In addition to the review procedures of the EICSB, this section identifies those aspects
of the review that will be accomplished by the secondary review branches.

1. System Redundancy Requirements i
Based on the information provided by the RSB with regard to the required redundancy
of safety-related components and systems (GDC 33, 34, 35, 38, 41, and 44), the
descriptive information including electrical single line 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
that redundant safety loads are distributed between redundant distribution systems,
and that the instrumentation and control devices for the Class IE loads and power
system are supplied from the related redundant distribution systems.

8.3.1-7
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Conformance with the Single Failure Criterion

In evaluating the adequacy of this system in meeting the single failure criterion
(GDC 17), both electrical and physical separation of redundant power sources and
distribution systems, including their connected loads, are reviewed to assess the
independence  between redundant portions of the system.

To 'assure electrical independence, the design criteria, analyses, description, and
implementation as dépicted on functional logic diagrams, electrical single line
diagrams, and electrical schematics are reviewed to determine that the design meets
the requirements set forth in IEEE Std 308 and satisfies the positions of Regulatory
Guide 1.6. Additional guidance in evaluating this aspect of the design is derived
from IEEE Std 379, "Guide for the Application of the Single-Failure Criterion to
Nuclear Power Generating Station Protection Systems," as augmented by Regulatory
Guide 1.53, "Application of the Single-Failure Criterion to Nuclear Power Plant
Protection Systems." Since IEEE Std 308 does not set forth specific criteria

" governing the design of the circuits that initiate and control standby power, the
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reviewer utilizes IEEE Std 279 as an evaluation guide to ascertain that the designs
of these circuits satisfy the same single failure requirements as protection systems.
Other aspects of the design where special review attention is given to ascertain that
the electrical independence has not been compromised are as follows:

a. Should the proposed design provide for sharing of the standby power system
between units at the same site, the criteria of IEEE Std 308 governing the
sharing of this system between units are not specific enough to be used as
the basis for assessing the adequacy of the design in meeting the requirements
of GDC 5 and satisfying the single failure criterion. Therefore, the accepta-
bility of such a design is 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 failures in
one unit with the respect to the others. Generally, the reviewer is guided by
the requirements set forth in Position 2 of Regulatory Guide 1.81, “Shared
Emergency and Shutdown Electric Systems for Multi-Unit Nuclear Power Plants," for
CP applications docketed before June 1, 1973 and for OL applications. Position
3 of this Regulatory Guide prohibits the sharing of standby power systems
between nuclear units for construction permit applications docketed after
June 1, 1973. Further details of the review with regard to Position 2 on sharing
of the standby power system between units are covered in Item 4, below. .

b. The interconnections between redundant load centers through bus tie breakers and
multi-feeder breakers used to connect extra redundant loads to ejther of the
redundant distribution systems are examined to assure that no single failure
in the interconnections will cause the paralleling of the standby power supplies.
To assure this, the control circuits of the bus tie breakers or multi-feeder
breakers must preclude automatic transferring of load centers or loads from the
designated supply to the redundant counterpart upon loss of the designated supply
(Position 4 of Regulatory Guide 1.6). Regarding the interconnections through
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bus tie breakers, an acceptable design will provide for two tie breakers con-
nected in series and physically separated from each other in accordance with

the acceptance criteria for separation of Class IE systems which is discussed
below. Further, the interconnection of redundant load centers must be accomplished
only manually. With respect to the interconnections through the multi-feeder
breakers supplying power to extra redundant Toads, the review relates to the
utilization of the extra redundant unit as one of the required operating units
(if the substituted for normal unit is inoperable). If this is the selected
mode of operation prior to an accident concurrent with the loss of offsite
power, it is verified by reviewing the breaker arrangement and associated control
circuits that no single failure in the feeder breaker which is not connected to
the extra redundant unit could cause the closing of this breaker resulting in
the paralleling of the power supplies. To assure against compromising the
independence of the redundant power systems under this situation, an acceptable
design for connecting extra redundant loads to either distribution system wiil
provide for at Teast dual means for connecting and isolating each load from each
redundant bus. Such a design must also meet the acceptance criteria for
electrical and physical separation of Class IE systems. In addition, the pro-
visions of the design to automatically break all the interconnections (e.g., open
tie and multi-feeder breakers) between redundant load centers immediately
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 is established given a single failure.

To assure physical inaependence, the criteria governing the physical separation
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 arrangements satisfy the
requirements set forth in IEEE Std 384 as augmented by Regulatory Guide 1.75.
This standard and regulatory guide set forth acceptance criteria for the separa-
tion of circuits and electrical equipment contained in or associated with the
Class IE power system. In essence, the review objective is to determine that
the design provides for redundant portions of this system to be located in
physically separated seismic Category I structures (GDC 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 sing]é events
and accidents from disabling redundant features (GDC 3, 4). The APCSB has
primary responsibility in the review of the design arrangement of the Class

IE systems and their vital supporting systems, except for the cable design

which is the responsibility of the EICSB. Within the scope of review of this
area, the APCSB will also verify the adequacy of physical barriers such as

doors separating redundant portions of this system to assure that events such

as fire and flooding in one structure will not be propagated to other redundant
equipment structures (GDC 3, 4). To determine that the independence of the
redundant cable installation is consistent with satisfying the requirements set
forth in IEEE Std 384 as supplemented by Regulatory Guide 1.75, the proposed

design criteria governing the separation of Class IE cables and raceways are
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reviewed including such criteria as those for cable derating; cable tray filling;
cable routing in containment, penetration areas, cable spreading rooms, control
rooms and other congested areas; sharing of cable trays with non-safety-related
cables or with cables of the same system or other systems; prohibiting cable

splices in conduits and trays; control wiring and components associated with
Class IE electric systems in control boards, panels, and relay racks; and fire
barriers and separation between redundant trays. With regard to determining

the adequacy of fhe physical independence of redundant cables through penetration
areas, the reviewer utilizes, in addition to IEEE Std 384 and Regulatory Guide
1.75, IEEE Std 317 as augmented by Regulatory Guide 1.63 as evaluation guides to
ascertain that the electric penetration assemblies are designed in accordance
with the requirements for Class IE equipment.

Standby and Preferred Power Systems Independence

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

preferred power system, the electrical ties between these two systems as well as the

physical arrangement of the interface equipment are reviewed to assure that no single

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

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

the supply breakers conﬁecting the low side of the unit auxiliary transformers and

start-up transformers (referred to as the offsite or preferred power supplies) to the

station non-Class IE distribution buses through which power is made available to the

Class IE buses. The number of electrical circuits from the preferred power supplies

to the safety buses are to be consistent with satisfying the requirements of redundancy .

and independence of GDC 34, 35, 38, 41, and 44. That is, for preferred power system
operation (assuming standby power is not available), the system safety function can be
accomplished assuming a single failure.

To determine that the physical independence of the preferred power circuits to the
Class IE buses is consistent with satisfying the requirements of GDC 17 and Section
5.2.1(5) of IEEE Std 308, the physical arrangement drawings are examined to verify

that each circuit is physically separate and independent from its redundant counter-
parts. 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 IE systems. Following the loss
of preferred power, the safety buses are powered solely from the standby power supplies.
Under this situation, the design of the feeder-isolation breaker in each preferred
power circuit must preclude the automatic connection of preferred power to the

respective safety bus upon the loss of standby power. 1In this regard, an acceptable

design will include the capability for restoring preferred power to the respective
safety bus by manual actuation only. ’

In assessing the adequacy of the electrical ties between the standby and preferred
power systems, and the capability of the preferred power circuits to deliver power to
the safety-related buses, both primary and secondary backup protective relaying

schemes and their coordination, relay settings, and assigned control power supplies ‘
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are reviewed to assure that in the event of an electrical fault, occurring between

the preferred power transformer supply breakers and the safety buses, no single failure
will result in reducing the number of preferred power cirucits to less than the minimum
required for safety, or prevent the separation of the affected circuit from the
respective redundant portion of the standby power system. In addition, it is verified
that no single protective relay or interlock failure will prevent separation of the
required redundant portions of the standby power system from the preferred power

system upon loss of the latter.

In reviewing the mode of operation where both power systems are being operated in
parallel (such is the case during full load testing of standby power supply diesel
generator sets), the interlock scheme including electrical protective relay coordi-
nation and settings are closely examined to verify that the independence of the
required redundant portions of the standby power system is established upon a failure
in the preferred power system. The event of concern under this mode of operation is

an accident concurrent with a loss of offsite power and a single failure preventing the
" opening of the feeder-isolation breaker through which the paralleling of the power
systems was being accomplished, Because the signal to start the diesel generator

sets is normally derived from undervoltage relays and under this situation the voltage
is maintained above the trip relay settings by the diesel generator under test, the
remaining redundant diesel generators will not be commanded to start running. Conse-
quently, the added capacity resulting from the connection of non-Class IE loads to

the diesel generator under test will cause the tripping of this diesel due to overload.
The end result could be the total loss of power to the safety buses. However, this
power interruption could be of momentary duration if the remaining redundant diesel
generators are commanded automatically to start by undervoltage relay action immediately
after total power is lost. The diesel generator under test will be inoperable due

to the self-locking feature preventing restarting after an overload trip condition.

The reviewer ascertains that the time delay introduced in making power available to

the safety buses as a result of this event is within the response time 1imits assumed
in the accident analyses. Included is verification that subsequent failures such as
those resulting from improper electrical relaying coordination and self-locking features
will not impair the automatic starting of the remaining redundant diesel generators
required to meet minimum safety requirements. If the time delay introduced in

making power available to the safety buses is not tolerable, it must be demonstrated
that either the probability of occurrence of this event is low when compared to the
frequency and duration of testing each diesel, or the design must provide diverse
automatic signals, other than undervoltage, to assure the availability of standby
power to the safety buses.

As an outcome of reviewing the parallel operation of the preferred and standby power
systems, the use of the standby power supply diesel generator sets to supply power to
the electrical system during peak load demand periods was found by the staff to be
unacceptable. The basis for this conclusion is that the required frequent inter-
connections of the preferred and standby power supplies do not minimize the probability

of their coincident loss (GDC 17) nor can the design be made immune to common failure
8.3.1-11
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modes (Section 5.2.1(5) of IEEE Std 308). Further details amplifying the basis for
this conclusion are included in Branch Technical Position EICSB 8 which sets forth

the basis for prohibiting the use of diesel generator sets for purposes other than

emergency standby power supplies. A

Standby Power Supplies

In assuring that the requirements of GDC 17 and IEEE Std 308 have been met with
regard to the standby power supply diesel generator sets having sufficient capacity,
capability, and reliability to supply the required distribution system loads, the
design bases, design criteria, analyses, description, and implementation as depicted
on electrical drawings and functional P&IDs are reviewed to verify that the bases

for selection of the diesel generator sets satisfy the positions of Regulatory

Guide 1.9. Supplemental guidance for evaluating the suitability of the diesel
generators as standby power supplies is obtained from IEEE Std 387, "Criteria for
Diesel-Generator Units Applied as Standby Power Supplies for Nuclear Power Generating
Stations." Specifically, the reviewer first becomes familiar with the purpose and
operation of each safety system, including system component arrangement as depicted on
functional P&IDs, expected system performance as established in the accident analyses,
modes of system operation and their interactions during normal and accident conditions,
and interactions between systems. Following this, it is verified that the tabulation
of all safety-related loads to be connected to each diesel generator is consistent
with the information establishing the safety-related systems and Toads and their
required redundancy. The characteristics of each load (such as motor horsepower,
volt-amp rating, inrush current, starting volt-amps and torque), the length of time
each load is required, and the basis used to establish the power required for each
safety load (such as motor nameplate rating, pump run-out condition, or estimated

load under expected flow and pressure) are utilized to verify the calculations
establishing the combined Toad demand to be connected to each diesel during the
"worst" operating condition. In applying this combined load demand to the selection
of each diesel generator capacity, an acceptable design must satisfy Positions 1

and 2 of Regulatory Guide 1.9.

To assure that each diesel generator is capable of starting and accelerating to rated
speed all the connected loads in the required sequence and within the minimum time
intervals established by the accident analyses, the reviewer examines for each diesel
generator the loading profile curves, voltage and frequency recovering characteristic
curves, and the response time of the excitation system to load variations. This
examination must verify that the capability of each diesel generator to respond to
voltage and frequency variations satisfies Position 4 of Regulatory Guide 1.9. In
addition, the adequacy of the circuit design for starting and disconnecting and con-
necting safety loads from and to each diesel generator is checked. This includes a
review of the starting initiating circuits; manual and automatic sequential loading
and unloading circuits; interrupting capacity of switchgear, load centers, control
centers, and distribution panels; grounding requirements; and electrical protective

‘relaying circuits including their coordination, relay settings, and assigned control

power supplies for each load and each diesel generator. In reviewing the criteria
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governing the design of the thermal overload protection for motors of motor-operated
safety-related valves, the reviewer is guided by Branch Technical Position EICSB 27.

Regarding the review of the electrical protective trip ¢ircuits of the diesel generator
sets, Branch Technical Position EICSB 17 is utilized as an evaluation guide. Although
this guide sets forth specific recommendations for a particular plant, it can be

used to ascertain that the design of these circuits are consistent with minimizing

the 1ikelihood of false diesel generator trips during emergency conditions. The
capability of the automatic sequential loading circuits to reset during a sustained
low voltage condition on the diesel generators is reviewed to assure that upon
restoration ‘of normal voltage, the Class IE loads can be connected in the prescribed
sequence. Otherwise, the reconnection of all the Joads at the same time could result
in an overload condition causing the trip of the respective diesel generator. In
assuring that those Class IE loads being powered through latched-type breakers are
capable of being reconnected to their respective buses after restoration of power, the
design must provide for resetting the breaker anticyle feature when there is an
undervoltage condition. The normal function of this feature is to prevent immediate
reclosure of a breaker following a trip.

Where the proposed design provides for the sharing of diesel generators between units
at the same site, and connection and disconnection of non-Class IE loads to and

from the Class IE distribution buses, particular attention is given in the review to
assure that the implementation of such design provisions does not compromise the
capacity, capability, or reliability of the standby power supplies.

GDC 5 prohibits sharing unless it can be shown that the diesel generators are capable
of performing all required safety functions in the event of an accident in one unit
and an grderly shutdown and cooldown of the remaining units. In assuring that the
proposed design for sharing diesel generators between units meets the requirements
of GDC 5 and 17 as supplementéd by GDC 34, 35, 38, 41, and 44 and satisfies the
positions of Regulatory Guide 1.9, the reviewer is guided by Regulatory Guide 1.81.
This guide sets forth two principal positions. Position 3 applies to those construc-
tion permit applications docketed after June 1, 1973, and prohibits the sharing of
standby power systems between units. Conformance of the design with Position 3 is
verified by reviewing the descriptive information including electrical drawings to
assure that the standby power system of each unit is electrically independent with
respect to the standby power system of other units.

Position 2 establishes acceptable bases under which sharing of standby power systems
between units is permitted. Conformance with Position 2 as regards the adequacy of
diesel generator capacity and capability under the sharing mode of operation is
verified by following the procedure discussed above for tabulating and summing all
loads. In particular, the load tabulation and calculations 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
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accident signal from another unit and loss of preferred power to all the units.
In addition, the physical arrangement of instrumentation and control devices on
control room panels and consoles in one unit with respect to the other units is
examined to assure that the design minimizes the coordination needed between unit
operators to accomplish sharing of the standby power systems.

In the absence of specific criteria in IEEE Std 308 governing the connection and dis-
connection of non-Class IE loads to and from the Class IE distribution buses, the
review of the interconnections will consider isolation devices as defined in IEEE

Std 384 and augmented by Regulatory Guide 1.75 to determine the adequacy of the
design. In assuring that the interconnections between non-Class IE loads and Class
IE buses will not result in the degradation of the Class IE system, the isolation
device through which standby power is supplied to the non-Class IE 1locad, including
control circuits and connections to the Class IE bus, must be designed to meet Class
IE requirements. Should the standby power supplies not have.been sized to accommo-
date the added non-Class IE Toads during emergency conditions, the design must provide
for the automatic disconnection of those non-Class IE loads upon the detection of

the emergency condition. This action must be accomplished whether or not the load
was already connected to the power supply. Further, the design must also prevent the
automatic or manual connection of these loads during the transient stabilization
period subsequent to this event.

The description of the qualification test program (CP stage) and the results of such
tests (OL stage)} for demonstrating the suitability of the diesel generators as standby
power supplies are judged to be acceptable if they satisfy the acceptance criteria
stated in Section I1.4 of this SRP. In the event that diesel generators have not been
selected for a particular plant, a commitment from the applicant to obtain diesel
generators of a design that have been previously qualified for use in nuclear power
plant applications, or to perform qualification tests on diesel generators of a new
design in accordance with the acceptance criteria is considered acceptable at the CP
stage of review.

The APCSB will review the adequacy of the non-electrical aspects of the design for
those auxiliary systems that have been identified as essential to the operation of
Class IE loads and power supplies. This will include verification that there is
seismic Cagegory 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, Cable Trays, and Terminal Equipment

The identification scheme used for Class IE cables, raceways, and terminal equipment
in the plant and Class IE internal wiring in the control boards is reviewed to see
that it is consistent with IEEE Std 384 as supplemented by Regulatory Guide 1.75.
This includes the criteria for differentiating between safety-related cables, cable
trays, and terminal equipment of different channels or divisions, non-safety-related
cable which is run in safety trays, non-safety-related cable which is not associated
physically with any safety division, and safety-related cables, raceways, and terminal
equipment of one unit with respect to the other units at a multi-unit site.
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Vital Supperting Systems
The APCSB and EICSB will review those auxiliary systems identified as being vital to

the operation of Class IE-loads and systems. The EICSB 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 IE systems that they
support. Hence, the review procedure to be followed for ascertaining the adequacy
of the vital supporting systems is the same as that discussed herein for Class IE
systems. In essence, the reviewer first becomes familiar with the purpose and
operation of each vital supporting system, including its component arrangement as
depicted on functional P&IDs. Subsequently, the design criteria, analyses, and
description and implementation of the instrumentation, control, and electrical
equipment as depicted on electrical drawings, are reviewed to verify that the design
is consistent with satisfying the acceptance criteria for Class IE systems. In
addition, it is verified that the vital supporting system loads have been accounted
for in the calculations for sizing the Class IE power supplies. Further, the power
feed assignments for the vital supporting system redundant instrumentation, control
devices, and loads are examined to verify that they are powered from the same
redundant distribution system as the Class IE system that they support.

The APCSB reviews the non-electrical 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 is a review of the heating and
ventilation (H&V) systems identified as necessary to Class IE systems, such as the
H&V systems for the electrical switchgear and diesel generator rooms. The APCSB
will verify the adequacy of the H&V system design to maintain the temperature and
level of humidity in the room required for proper operation of the safety equipment
during both normal and accident conditions. It will also verify that redundant

H&V systems, as well as other redundant vital supporting systems such as the ones
associated with the diesel generator units (i.e., cooling water system, combustion
air supply system, starting system, fuel oil storage and transfer system, and fire
detection and protection system) are located in the same enclosure as the redundant
unit they serve, or are separated in accordance with the same criteria as those for
the Class IE systems they support. Other aspects of the review by the APCSB are to
determine that the diesel generator combustion air quality is such that it will not
impair the starting and continuous running reliability of the unit and whether or not
it is necessary to maintain the cooling water and lubricating oil warm while the
diesel engine is on standby to enhance the starting reliability of the unit.

System Testing and Surveillance

The proposed preoperational and initial startup test programs for the standby power
system including its vital supporting systems are reviewed to verify that the proposed
programs are consistent with-Regulatory Guides 1.68 and 1.41. In assuring that the
proposed perijodic onsite testing capabilities of Class IE systems satisfy the require-
ments of GDC 18 and 21, 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 tésting
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of Class IE systems on a periodic basis when the reactor is in operation. The

reviewer is guided by the positions in Regulatory Guide 1.22.in determining an
acceptable periodic testing program for actuation devices (e.g., breakers) and .
actuated equipment. Since IEEE Std 308 does not include requirements for periodic

testing of the circuits that initiate and control standby power, the reviewer utilizes

IEEE Std 279 and IEEE Std 338 as evaluation guides to ascertain that the testing of

these circuits, including electrical protective relays, permissives, bypasses, and

control devices, is in accordance with the basic requirements for protection systems.

The descriptive information (CP and OL stages) and the design implementation as
depicted on electrical drawings (OL stage) of the means proposed for automatically
indicating at the system level a bypassed or deliberately inoperative status of a
redundant portion of a Class IE system are reviewed to ascertain that the design

is consistent with Regulatory Guide 1.47 and Branch Technical Position EICSB 21. This
position establishes the basis to be considered in arriving at an acceptable design
for the inoperable status indication system.

8. Fire Stops and Seals
In assuring that the requirements of GDC 3 have been met with regard to the fire stops

and seals, the 1list of materials, their characteristics with regard to flammability
and fire retardancy, and their fire underwriters rating should be reviewed. 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. A review of the design criteria for
fire stops should reveal the maximum physical vertical and horizontal distances between
stops on longer cable runs and the testing that demonstrates the fire stops and seals .
will perform their intended function. Fire barriers are generally rated for a given
temperature and a given time interval. The reviewer should determine if the rating of
the fire stops is sufficient to allow extinguishment of the fire before it can affect
a redundant cabling system. This will require coordination with Auxiliary Power and
Conversion Systems Branch, in conjunction with SRP Section 9.5.1.
9. Other Review Areas -
For those areas of review identified as being the responsibility of other branches,

the review procedures are included in the appropriate standard review plans. However,
there are some areas that are commonly reviewed by both primary and secondary review
branches. For the standby power system, the review procedures for these areas are

as follows:

a. Seismic Design Requirements

‘The MEB has primary responsibility in assuring that the seismic design of
Category I instrumentation and electrical equipment satisfies the MEB acceptance
criteria, which inciude IEEE Std 344, The EICSB supplements the MEB by reviewing
"the description of the seismic qualification test program (CP stage) and the
results of such tests and analyses (OL stage) for demonstrating the capabi]ity
of Class IE instrumentation, control devices, and associated circuits to with-

stand the effects of a seismic event. The adequacy of the seismic design for ‘
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major electrical apparatus (such as the switchgear, motors, and diesel generator
sets) and their supports will be determined by the MEB. The EICSB utilizes IEEE
Std 344 as supblemented by Branch Technical Position EICSB 10 as the basis for
acceptable seismic designs.

b. Quality Assurance
In assuring that the quality of Class IE equipment is commensurate with present
codes and standards (GDC 1), the QAB will review the proposed quality assurance
program to ascertain that it is consistent with satisfying the QAB acceptance
criteria. The EICSB 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 IE instrumentation and electrical equipment 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, instrumentation, and controls utilized to supply
power to safety-related components and systems. The scope of review included the
descriptive information (CP and OL), functional logic diagrams (CP and OL), functional
piping and instrument diagrams (CP and OL), electrical single line diagrams (CP and
OL), preliminary (CP) and final (OL) physical arrangement drawings, and electrical
schematics (OL) for the standby power system and for those auxiliary systems that are
vital to the proper operation of the Class IE standby power system and its connected
Class IE loads. The review has included the applicant's design bases and their
relation to the proposed design criteria for the standby power system and for the
vital supporting systems and the applicant's analyses of the adequacy of those
criteria and bases. The review also has included the applicant's proposed means for
identifying safety-related cables, cable trays, and terminal equipment in the plant;
the preoperational and initial startup test programs and periodic onsite testing
capabilities; the qualification test programs (CP) and the results (OL) demonstrating
the suitability of the diesel generators as standby power supplies; the seismic
qualification test program {CP) and the results and analyses (OL); and the quality
assurance programs for the standby power system."

"The basis for acceptance in our review has been conformance of the applicant's designs,
design criteria, and design bases for the standby power system and vital supporting
systems to the Commission's regulations as set forth in the general design criteria,
and to applicable regulatory guides, branch technical positions, and industry standards.
These are listed in Table 8-1.

"On the basis of our review, we have concluded that the standby power system conforms
to applicable regulations, guides, technical positions, and industry standards and is
acceptable."
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V. REFERENCES .
1. Standard Review Plan Table 8-1, "Acceptance Criteria for Electric Power." .
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NUREG-75/087

-U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 8.3.2 © D-C POWER SYSTEMS (ONSITE)
REVIEW RESPONSIBILITIES

Primary - Electrical, Instrumentation and Control Systems Branch (EICSB)

Secondary - Auxiliary and Power Conversion Systems Branch (APCSB)
Containment Systems Branch (CSB)
Mechanical Engineering Branch (MEB)
Reactor Systems Branch (RSB)
Quality Assurance Branch (QAB)

I.  AREAS OF REVIEW ,
The d-c power systems include those d-c power sources and their distribution systems and
vital supporting systems provided to supp1y MOtive or contro] power. to'safety related
equipment. Batteries and battery chargers are used as the power' seurces for the d-c¢. power
system, and inverters are used to convert d-c from the d-c d1str1but1on system to a-c
instrumentation power as required. Informat1on on the d-c power system presented in the
app11cant s safety analysis report (SAR) is reviewed by the staff to determ1ne that the
d-c power system required for safe operation during all operating and acc1dent conditions
meets the requirements of General Design Criteria (GDC) 17 and 18 and are consistent with
Regu]atory 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 incliude commitments to meet the acceptance criteria listed
below or adequate justification for exceptions taken, preliminary single Tine diagrams
illustrating the fedundancy of d-c power supplies, preliminary load assignments, and pre-
Timinary physical arrangement drawings illustrating the independence of redundant batteries
and distribution circuits. For operating license (OL) applications, the descriptive infor-
‘mation presented should include final single Tine diagrams, electrical schematics, final
physical arrangement drawings, and complete lToad distribution diagrams, as are needed to
determine that the d-c power system has sufficient capacity and capability to meet its
functional requirements and otherwise satisfies the mandatory design criteria.

The EICSB will pursue the following phases in the review of the d-c power system:

1. The system is reviewed to determine that the required redundancy of components and sub-
systems is ﬁrovided. This will require an examination of the d-c power system config- }
uration including power supply feeders, Toad center arrangements, JToads supplied from
each bus, and power connections to the instrumentation and control devices of the>

system,

USNRC STANDARD REVIEW PLAN

Standard raview plans are prepared for the guidance of the Office of Nucl Reactor R: lation staff resp ible for the review of applications to construct and
operate nuclear power plants. These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s reguiations and
compliance with them is not required. The standard review plan sections are keyed to Ravision 2 of the Standard Format and Content of Safety Analysis Reports

for Nuclear Power Plants. Not all sections of the Standard Formaet have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

C ts and i for impr will be ed and should be sent to the US. N Reg y C ission, Office of N
Regulation, Washington. D.C. 20555,
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In determining the adequacy of this system to meet the single failure criterion,

the electrical and physical separation of redundant power sources and associated

distribution systems are examined to assess the independence between redundant ‘
portions of the system. This will include a review of the interconnections between

redundant buses, buses and loads, and buses and power supplies; the physical arrange-

ment of redundant load centers and power supplies; proposed sharing of the d-c power

system between units at the same site; and the design criteria and bases governing

the installation of electrical cable for redundant portions of the systems.

Design information and analyses demonstrating the suitability of batteries and battery
chargers as d-c power supplies are reviewed to assure that they have sufficient capac-
ity, capability, and reliability to perform their intended functions. This will
require an examination of the characteristics of each load; the length of time each
load is required; the combined load demand connected to each battery or battery‘charger
during the "worst" operating condition; the voltage recovering characteristics of the
battery and battery chargers; and the continuous and short term ratings for the battery
and battery chargers.

In addition, where the proposed design provides for the connection of non-safety-
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 imple-
menting 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 identification scheme

used to distinguish between redundant cables and cable trays of the power system is
reviewed.

The instrumentation, control circuits, and power connections of vital supporting
systems are reviewed to determine that they are designed to the same criteria as those
for the Class IE loads and power systems that they support. This will include an
examination of the vital supporting system component redundancy, power feed assignment
to instrumentation, control of loads, initiating circuits, load characteristics,
equipment identification scheme, and design criteria and bases for the installation

of redundant cables.

Preoperational and initial start-up test programs and periodic onsite testing capabili-
ties are reviewed. The means proposed for automatically monitoring the status of
system operability are reviewed,
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7. Other areas of review associated with these systems which are covered elsewhere are

as follows:

. a. Environmental design and qualification testing of electrical equipment are
addressed in Standard Review Plan (SRP) 3.11.

b. Technical specification requirements imposed upon the operation of the d-c power
system are discussed in Chapter 16 of the SAR. Assistance and consultation on
technical specifications for the d-c power system are provided in accordance
with the procedures stated in SRP 8.1.

The APCSB will evaluate the adequacy of those auxiliary systems that are vital to the
proper operation of the d-c power system. These include such systems as the heating and
ventilation systems for load center, battery, and battery charger and inverter

rooms, and fire detection and protection systems. In particular,the APCSB will determine
that the piping, ducting, and valving arrangments of redundant vital auxiliary supporting
systems meet the single failure criterion. In addition, the APCSB will examine the physical
arrangment of components and structures associated with the d-c power system and its sup-
porting auxiliary aystems and determine that single events and accidents will not disable
redundant features. '

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

The MEB reviews the criteria for seismic qualification analyses, and the test and analysis
‘ procedures and methods to assure the operability of instrumentation and electrical equip-
ment 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.

II. ACCEPTANCE CRITERIA
The d-c power system is acceptable when it can be concluded that this system has the

required redundancy, meets the single failure criterion, and has the capacity, capability,
and reliability to supply d-c power to all safety-related loads required by the accident
analyses. Table 8-1 lists the criteria thaf 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. Section III of this

plan discusses the application of these evaluation guides to the review. The application
of most of the acceptance criteria to the areas of review described in Section I of this
plan is detailed below. The applicability of other criteria listed in Table 8-1 but not
specifically addressed above is considered to be self-evident, and their application in the
review process is considered self-explanatory.
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1. System Redundancy Requirements
GDC 22, 33, 34, 35, 38, 41, and 44 set forth requirements with regard to safety-
related systems that must be supplied by the onsite (a-c and d-c) power systems.
Also, these criteria state that safety-related system redundancy shall be such that
for onsite power system operation (assuming preferred power is not available) the
system safety function can be accomplished assuming a single failure. The accept-
ability of the onsite d-c power system with regard to redundancy is based on confor-
mance to the same degree of redundancy required of safety-related components and
systems by these GDC.

2.  Conformance with the Single Failure Criterion

As required by GDC 17, the d-c power system must be capable of performing its safety
function assuming a single failure. To meet this requirement, electrical independence
between redundant portions of this system must be maintained. An acceptable design in
this regard must meet the requirements of IEEE Std 308 and satisfy the positions of
Regulatory Guide 1.6. Should the proposed design provide for sharing of the d-c

power system between units at the.same site, the governing criteria stated in IEEE

Std 308 are not explicit enough to be used as the basis for acceptance. Therefore,
the acceptability of such a design to meet the single failure criterion is based on
the design satisfying the recommendations of Regulatory Guide 1.81. This position
sets forth acceptable bases for implementing the requirements of GDC 5, "Sharing of
Structures, Systems, and Components." To assure that physical independence of
redundant equipment, including cables and cab]e.trays, is maintained in accordance
with the requirements of GDC 2, 3, and 4, an acceptable design arrangement should
satisfy the positions of Regulatory Guide 1.75.

3. Power Supplies
a. The capacity, capability, and reliability of the d-c power supplies is acceptable

if the basis for selection of the batteries and battery chargers satisfies the
requirements of IEEE Std 308.

b. The Regulatory position in Regulatory Guide 1.81 states that the sharing of d-c
power systems between generating units will not be permitted.

c. Should the proposed design provide for the connection and disconnection of
non-safety-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 non-safety-related loads will not result in any degradation of the
safety-related system.

d. - Regarding the design of thermal overload protection for motors of motor-operated
safety-related valves, the acceptability of the design is based on Branch
Technical Position EICSB 27.

4. Identification of Cables and Cable Trays

The method used for identifying d-c power system cables and .cable trays as safety-
related equipment in the plant, and the identification scheme used to distinguish
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between redundant cables and cable trays are acceptable if in accordance with
Regulatory Guide 1.75.

Vital Supporting Systems

The instrumentation, controls, and electrical equipment for those supporting systems
identified as vital to the proper functioning of the safety-related systems are
acceptable if the design conforms to the same criteria as for the safety-related
systems supported.

System Testing and Surveiliance

To assure that the preoperational and initial start-up test programs for the d-c power
system meet the requirements of GDC 1, they must be in accordance with Regulatory
Guides 1.68 and 1.41. To assure that the periodic onsite testing capabilities satisfy
the requirements of GDC 18 and 21, an acceptable testing program should include the
battery capacity tests described in Section 5 of IEEE Std 450 and the positions of
Regulatory Guide 1.22. With regard to surveillance of the d-c power system operability
status, an acceptable design should satisfy the positions of Regulatory Guide 1.47,

as augmented by Branch Technical Position EICSB 21.

Other Review Areas

For those areas of review identified as being the responsibility of other branches,
the acceptance criteria and their application to the areas of review are included in
the appropriate standard review plans. However, there are some acceptance criteria
that are commonly used by both primary and secondary review branches as the basis

for determining that a design is acceptable. For the 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 instrumentation
and electrical equipment, both the MEB and EICSB will perform .reviews in this
regard to ascertain that the proposed design satisfies such standards as IEEE
Std 344, "Guide for Seismic'Qualification of Class I Electric Equipment for
Nuclear Power Generating Stations," as supplemented by Branch Technical Position
EICSB 10, "Electrical and Mechanical Equipment Seismic Qualific¢ation Program."
b. Quality Assurance '
To assure that the requirements of GDC 1 are met in the d-c power éystem, the
quality assurance program for the safety-related instrumentation and electrical
equipment must satisfy the requirements of IEEE Std 336, ”Inéta11ation, Inspection,
and Testing Requirements for Instrumentation and Electric Equipment During the
Construction of Nuclear Power Generating Stations," as augmented by Regulatory

Guide 1.30, "Quality Assurance Requirements for the Installation, Inspection, and
Testing of Instrumentation and Electric Equipment.“4 Bofh the QAB and EICSB will
perform reviews in this regard to ascertain that the proposed qué]ity‘assyrance
program is consistent with the acceptance criteria. '
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11724/75



ITI.

REVIEW PROCEDURES

The main objectives in the review of the d-c power system are to determine that this system
has the required redundancy, meets the single failure criterion, and has the capacity, .
capability, and reliability to supply d-c power to all required safety-related loads. In

the CP review, the descriptive information, including the design bases and their relation

to the acceptance criteria, preliminary analyses, electrical single 1line diagrams, functional

logic diagrams, preliminary functional piping and instrumentation diagrams (P&IDs), and

preliminary physical arrangement drawings are examined to determine that there is reasonable
assurance that the final design will meet these objectives. At the OL stage, these objec-

tives are verified during the review of final electrical schematics, functional P&IDs, and

physical arrangement drawings and are confirmed during a visit to the site. To assure that

these objectives have been met in accordance with the requirements of the criteria, the

review is performed as detailed below.

Ih certain instances, it will be the reviewer's judgement that for a specific case under
review, emphasis should-be placed on specific aspects of the design, while other aspects of
the design need not receive the same emphasis and in-depth review. Typical reasons for such
placement of emphasis are the introduction of new design features or the utilization in the
design of design features previously reviewed and found acceptable.

In addition to the review procedures of the EICSB, this section identifies those aspects of
the review that will be accomplished by the secondary review branches.

1. System Redundancy Requirements
Based on the information provided by the RSB with regard to the required redundancy of
safety-related components and systems (GDC 33, 34, 35, 38, 41, and 44), the descriptive
information including electrical single line diagrams (CP and OL stages), functional
P&IDs (CP and OL stages), and electrical schematics (OL stage) is reviewed to verify
that this redundancy is reflected in the d-c power system with regard to both power
sources and associated distribution systems. Also, it is verified that redundant

safety-related loads are distributed between redundant distribution systems, and that
the instrumentation and control devices for the safety-related loads and power system
are supplied from the related redundant distribution systems.

2. Conformance with the Single Failure Criterion
"In evaluating the adequacy of this system to meet the single failure criterion (GDC 17),
both electrical and physical separation of redundant power sources and distribution

systems, including their connected loads, are reviewed to assess the independence
between redundant portions of the system.

To assure electrical independence, the design criteria, analyses, description, and
implementation as depicted on functional logic diagrams, electrical single Tine
diagrams, and electrical schematics are reviewed to determine that the design meets
the requirements set forth in IEEE Std 308 and satisfies the positions of Regulatory
Guide 1.6. Additional guidance in evaluating this aspect of the design is derived
from IEEE Std 379, "Guide for the Application of the Single-Failure Criterion to
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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-¢ 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 precliude automatic transferring of load centers or Toads from the designated
supply to the redundant counterpart upon loss of the designated supply (Position
4 of Regulatory Guide 1.6). Regarding the interconnections through bus tie
breakers, an acceptable design will provide for two tie breakers connected in
series and physically separated from each other in accordance with the acceptance
criteria for separation of safety-related systems which is discussed below.
Further, the interconnection of redundant load centers must be accomplished only
manually.

To assure physical independence, the criteria governing the physical separation
of redundant equipment incliuding cables and cable trays, and their impiementation
as depicted on preliminary {CP stage) or final (OL stage) physical arrangement
drawings are reviewed to determine that the design arrangement satisfies the
positions of Regulatory Guide 1.75, "Physical Independence of Electric Systems."
This quide sets forth acceptance criteria for the separation of circuits and
electrical equipment contained in or associated with the safety-related power
system. In essence, the review objective is to determine that the design pro-
vides for redundant portions of this system to be located in physically separated
seismic Category I structures (GDC 2). It is verified that each structure has
independent heating and ventilation (H&V) systems (including supply and exhaust
pipes or ducts) to assure against single events and accidents from disabling
redundant features (GDC 3, 4). The APSCB has primary responsibility in the review
of the design arrangement of the Class IE systems and their vital supporting
systems, except for the cable design which is the responsibility of the EICSB.
The APCSB will also verify the adequacy of physical barriers such as doors separa-
ting redundant portions of this system to assure that events such as fire and
flooding in one structure will not be propagated to other redundant equipment
structures (GDC 3, 4). To determine that the. independence of the redundant
cable installation is consistent with the position set forth in Regulatory
Guide 1.75, the proposed design criteria governing the separation of safety-
related cables and raceways are reviewed including such criteria as those for
cable derating; cable tray filling; cable routing in containment, penetration.

8.3.2-7
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areas, cable spreading rooms, control rooms, and other congested areas; sharing
of cable trays with non-safety-related cables or with cables of the same system
or other systems; prohibiting cable splices in conduits and trays; fire detection

and protection in the areas where cables are installed; spacing of power and
control wiring and components associated with safety-related electric systems in
control boards, panels, and relay racks; and fire barriers and separation between
redundant trays. With regard to determining the adequacy of the physical inde-
pendence of redundant cables through penetration areas, the reviewer utilizes, in
addition to Regulatory Guide 1.75, IEEE Std 317 as augmented by Regulatory Guide
1.63 as evaluation guides to ascertain that the electric penetration assemblies
are designed in accordance with the requirements for safety-related equipment.

3. D-C Power Supplies ,
In assuring that the requirements of GDC 17 and IEEE Std 308 have been met with regard

to the d-c power system (batteries and battery chargers) having sufficient capacity,
capability, and reliability to supply the required distribution system loads, the
design bases, design cirteria, analyses, description, and implementation as depicted
on electrical drawings and performance characteristic curves are reviewed. To
establish that the capacity of the d-c supply is adequate to power the prescribed
loads, the nameplate capacity claimed in the design bases is checked against the

loads identified in e]ectriéa] distribution diagrams. The capability of the system is
reviewed by evaluating the performance characteristic curves that illustrate the
response of the supplies to the most severe loading conditions at the plant. The
performance characteristic curves would include voltage profile curves, discharge rate
curves, and temperature effect curves. The reliability of the d-c supplies should be

assured by periodic discharge tests of the batteries as described in IEEE Std 450, and
amplified by Branch Technical Position EICSB 6.

The reviewer first becomes familiar with the purpose and the operation of each safety
system, including system component arrangements as depicted on functional P&IDs,
expected system performance as established in the accident analyses, modes of system
operation and interactions during normal and accident conditions, and interactions
between systems. Following this, it is verified that the tabulation of all safety-.
related loads to be connected to each d-c supply is consistent with the information
provided by the RSB.

The characteristics of each load (such as motor horsepower and volt-amp ratings, inrush
current, starting volt-amps and torque), the length of time each load is required, and
the basis used to establish the power required for each safety-related load {such as
motor name plate rating, pump run eut 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 d-c supply during the "worst" operating conditions. In
reviewing the design of the thermal overload protection for motors of motor-cperated
safety-related valves, the reviewer is guided by Branch Technical Position EICSB 27.

8.3.2-8
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Where the proposed design provides for the sharing of d-c supplies between units at

the same site, and connection and disconnection of non-safety-related loads to and
‘ from the safety-related distribution buses, particular attention is given in the review

to assure that the implementation of such design provisions does not compromise the

capacity, capability, or reliability of these supplies.

In the absence of specific criteria in IEEE Std 308 governing the connection and
disconnection of non-safety-related loads to and from the safety-related distribution
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
desién. In assuring that the interconnections between non-safety-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 non-safety-related load,
including control circuits and connections to the safety-related bus, must be designed
to meet safety Class IE requirements. Should the d-c power supplies not have been
sized to accommodate the added non-safety-related loads during emergency conditions,
the design must provide for the automatic disconnection of those non-safety-related
Toads upon detection of the emergency condition. This action must be accomplished
whether or not the load was already connécted to the power supply.

The description of the qualification test program (CP stage) and the resuits of such
tests (OL stage) for demonstrating the suitability of the batteries and battery
charger as d-c power supplies are judged to be acceptable if they satisfy the accép-
' tance criteria listed in Section I1.3 of this SRP or Table 8-1.
v

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

supports conciusions of the following type, to be included in the staff's safety evaluation

report:
"The d-c power system includes the batteries, battery chargers, and distribution
centers used to supply power to d-c operated safety-related equipment. The scope of
review of the d-c power system included single line diagrams (CP and OL), schematic
diagrams (OL), and descriptive information for the d-c power system and for those
auxiliary supporting systems that are essential to the operation of the d-c power
system. The review has included the applicant's proposed design criteria and his
analyses of the adequacy of those criteria and bases. The review also has included
the applicant's analyses of the manner in which the design of the d-c power system
conforms to the proposed design criteria. The basis for acceptance in the staff
review has been conformance of the applicant's design, design criteria, and design
bases for the d-c power system to the Commission's regulations as set forth in the
general design criteria, and to applicable regulatory guides, branch technical
positions, and industry standards. These are listed in Table 8-1.

"The staff concludes that the design of the d-c power system conforms to applicable
regulations, guides, technical positions, and industry standards and is acceptable."

‘ v REFERENCES ,
1. Standard Review Plan Table 8-1, "Acceptance Criteria for Electric Power."
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TABLE 8-1
ACCEPTANCE CRITERIA FOR ELECTRIC POWER

Table 8-1 contains the acceptance criteria for the review plans of Chapter 8. These
acceptance criteria include the app]icab]e general design criteria, IEEE standards,
regulatory guides, and branch technical positions (BTP) of the Electrical, Instru-
mentation and Control Systems Branch (EICSB). The table was prepared by EICSB for
use by its members in reviewing Chapter 8 and for use by the secondary review branch
reviewers.

The applicability of these criteria to specific sections of Chapter 8 in indicated by
an X in the matrix listing of criteria and SAR sections. There is a corresponding
similar table (7-1) at the end of Chapter 7 covering the acceptance criteria of
safety-related instrumentation and controls. The BTP listed in Tables 7-1 and 8-1
are contained in Appendix 7-A to the Chapter 7 review plans.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl R lation staff r ible for the review of applications to construct and
operate nuclear power plants. These documents are made available to the public as part of the Commission's policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission's regulations and
compliance with them is not required. The standard review plan { are keyed to ision2o0fthe § d Format and Content of Safety Analysis Reports
for Nuctear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as sppropyi; to d and to reflect new information and experiance.

C and for impr will be idered and should be sent to the U.S. N Regu! y C ission, Office of Nuclear Ri
Regulation, Washington. D.C. 20555.
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ACCEPTANCE CRITERIA FOR.ELECTRIC .POWER.- .TABLE 8-1

APPLICABILITY (SAR Section)
CRITERIA TITLE 8.1 | 8.2 8.3.1 | 8.3.2 REMARKS

10 CFR Part 50

a. 10 CFR §50.34 Contents of Applications: Technical Information X X X X
b. 10 CFR §50.36 Technical Specifications X X X X
c. 10 CFR §50.55a Codes and Standards X X X X

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

a. GDC-1 Quality Standards and Records X X X X
b. GDC-2 Design Bases for Protection Against Natural V

Phenomena X X X X
c. GDC-3 Fire Protection X X X X
d. GDC-4 | Environmental and Missile Design Bases ‘ X X X X
e. GDC-5 Sharing of Structures, Systems, ind Components X X X X
f. GDC-13 Instrumentation and Control X X X X
g. GDC-17 Electric Power Systems X X X X
h. GDC-18 Inspection and Testing of Electrical Power

Systems X X X X
i. GDC-21 Protection System Reliability and Testability X X X X
j. GDC-22 Protection System Independence X ' X

Table 8-1: -2
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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
1. GDC-34 Residual Heat Removal X X X
m. GDC-35 Emergency Core Cooling X X X X
n. GDC-38 Containment Heat Removal X X X X
o. GDC-41 Containment Atmosphere Cleanup X X X X
p. GDC-44 Cooling Water X X X X
Institute of Electrical and
Electronics Engineers (IEEE)
Standards:
a. IEEE Std 279-197% Crvteria for: Protection Systems for X X X See 10 CFR §50.55a(h)
(ANSI N42.7-1972) Nuclear Power Generating Stations and Reg. Guide 1.62
b. IEEE Std 308-1971 Criteria for Class IE Electric X X X X See Reg. Guide 1.32.
Systems for Nuclear Power Generating Stations .
c. IEEE Std 317-1972 Electric Penetration Assemblies X X X See Reg. Guide 1.63.
’ in Containment Structures for Nuclear Power
Generating Stations
d. IEEE Std 336-1971 Irstallation, Inspection and Testing X X X X See Reg. Guide 1.30.
(ANSI N45.2.4-1972) Requirements for Instrumentation and Electric
Equipment During the Construction of Nuclear
Power Generating Stations
e. IEEE Std 338-1971 Criteria for the Periodic Testing- X X X
of Nuclear Power Generating Station Protection
Systems
f. IEEE Std 344-1971 Guide for Seismic Qualification of Class [ X X X

{ANSI N41.7)

Electrical Equipment for Nuclear Power
Generating Stations
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TABLE 8-1 (CONTINUED)

APPLICABILITY (SAR Section)

CRITERIA TITLE 8.1 8.2 8.3.1 8.3.2 REMARKS
g.  IEEE Std 379-1972 Guide for the Application of the X X X See Reg. Guide 1.53.
(ANSI N41.2) Single Failure Criterion to Nuclear Power
Generating Station Protection Systems
h. IEEE Std 384-1974 Criteria for Separation X X X
(ANSI N41.14) of Class IE Equipment and Circuits
i.  I1EEE Std 387-1972 Criteria for Diesel- X X
(ANSI N41.13) Generator Units Applied as Standby Power Supplies
for Nuclear Power Stations
J. IEEE Std 450-1972 Recommended Practice for Maintenance, Jest- X X
ing and Replacement of Large Stationary Type
Power Plant and Substation Lead Storage Batteries
Regulatory Guides (RG) .
a. RG1.6 Independence Between Redundant Standby (Onsite) X X X
Power Sources and Between Their Distribution
Systems
b. RG 1.9 Selection of Diesel Generator Set Capacity for X X
Standby Power Supplies
c. RG 1.22 Periodic Testing of Protection System Actuation X X X X
Functions .
d. RG1.29 Seismic Design Classification X X X
e. RG1.30 Quality Assurance Requirements for the X X X X
Installation, Inspection, and Testing of
Instrumentation and Electric Equipment
f. RG1.32 Use of IEEE Std 308-1971, “Criteria for Class IE X X X

Electric Systems for Nuclear Power Generating
Stations"

Table 8-1: -4
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TABLE 8-1 (CONTINUED)

APPLICABILITY (SAR Section)
CRITERIA TITLE 8.1 8.2 8.3.1 8.3.2 REMARKS
g. RG1.47 Preoperational Testing of Redundant Onsite X X X X
Electric Power Systems to Verify Proper Load
Group Assignments
h RG 1.47 Bypassed and Inoperable Status Indication for X X X X Use in conjunction
Nuclear Power Plant Safety Systems with Position 3,
) RG 1.17.
i. RG 1.53 Application of the Single-Failure Criterion to X X X
Nuclear Power Plant Protection Systems
j. RG1.63 Electric Penetration Assemblies in Containment X X X
Structures for Water-Cooled Nuclear Power Plants
k. RG 1.68 Preoperational and Initial Startup Test Programs X X X X
for Water-Cooled Power Reactors
1. RG1.70 Standard Format and Content of Safety Analysis X X X X
Reports for Nuclear Power Plants, Rev. 2
m. RG1.75 Physical Independence of Electric Systems X X X
n. RG 1.81 Shared Emergeﬁcy and Shutdown Electric Systems X X X 3?§hngg?93uncfion
for Multi-Unit Nuclear Power Plants
o. RG1.89 Qualification of Class IE Equipment for Nuclear X X X
Power Plants
p. RG1.93 Availability of Electric Power Sources X X X X
Branch Technical Positions
(BTP) EICSB
a. BTP EICSB 1 Backfitting of the Protection and Emergency Power X X X
Systems of Nuclear Reactors
b. BTP EICSB 2 Diesel-Generator Reliability Qualification Testing X X

Table 8-1: -5
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TABLE 8-1 (CONTINUED)

APPLICABILITY (SAR Section)
CRITERIA TITLE 8.1 8.2 8.3.1 8.3.2 REMARKS

c. BTP EICSB 6 Capacity Test Requirements of Station Batteries-

Technical Specifications X X
d. BTP EICSB 7 Shared Onsite Emergency Electrical Power Systems

for Multi-Unit Generating Stations X X X
e, BTP EICSB 8 Use of Diesel-Generator Sets for Peaking X X
f. BTP EICSB 10 Electrical and Mechanical Equ]pment Seismic

Qualification Program X X X
g. BTP EICSB 11 Stability of QOffsite Power Systems X X
h. BTP EICSB 17 Diesel Generator Protective Trip Circuit Bypasses X X
i. BTP EICSB 21 Guidance for Application of Reg. Guide 1.47 X X X X
j. BTP EISCB 27 Design Criteria for Thermal Overload Protection

for Motors of Motor-Operated Valves X X X

Table 8-1: -6
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\

SECTION 9.7.1 NEW FUEL STORAGE
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB) —
Materials Engineering Branch (MTEB)
Reactor Systems Branch (RSB)
Core Performance Branch (CPB)
Radiological Assessment Branch (RAB)

I. AREAS OF REVIEW
Nuclear reactor plants include storage facilities for the dry storage of new fuel. The
quantity of new fuel to be stored varies from plant to plant, depending upon the specific
design of the plant and the individual refueling requirements. The safety function of the
storage facility is to maintain the new fuel in a subcritical array during all credible
storage conditions. The APCSB reviews the new fuel storage facility design including the
fuel assembly storage racks and storage vault.

1. The facility design is 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 storage conditions.

c. The degree of subcriticality, and the supporting analysis and associated
assumptions. _

d. The effects of external loads and forces on the new fuel storage racks and vault
(e.g., safe shutdown earthquake, crane uplift forces).

e. The effects of sharing in multi-unit complexes, and failures of other plant
equipment close to the new fuel storage facility.

Secondary reviews are performed by other branches and the results used by the APCSB to
complete the overall evaluations of the system. The secondary reviews are as follows:
The 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),
and tornado missiles. The MEB reviews the seismic qualification of components and

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of i R gulation staff r ible for the review of applications to construct and
operate nuclear power plants, These d are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of reg 12 and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and

compliance with them is not requlred The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

and to reflect new information and experience.

Published standard review plans will be revised periodically, as appropriate, to

idered and should be sent to the U.S. Nuci R y C ission, Office of N

ts and i for impr will be
Ragulutlan Washlngton D.C. 20555.
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confirms that components, piping, and structures are designed in accordance with applicable

codes and standards. The RSB determines that the assigned seismic and quality group
classifications for facility components are acceptable. The MTEB verifies, upon request, ‘
the compatability of the materials of construction with service conditions. The CPB

verifies, upon request, that the keff of loaded storage racks is acceptable. The RAB reviews

the adequacy of the shielding design and the radiation monitoring system.

I1I. ACCEPTANCE CRITERIA
Acceptability of the new fuel storage facility design as described in the applicant's

safety analysis report {SAR), including related sections of Chapters 2 and 3 of the SAR,

is based on specific general design criteria and regulatory guides, and on independent
calculations and staff judgments with respect to facility functions and component selection.
Listed below are specific criteria related to the storage facility.

1. The design of the new fuel storage facility is acceptable if the integrated design

is in accordance with the following criteria:

a. 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, as established in Chapters
2 and 3 of the SAR.

b. General Design Criterion 3, as related to protection against fire hazards.

c. 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.

d. General Design Criterion 5, as related to shared systems and components important
to safety being capable of performing required safety functions.
e. General Design Criterion 61, as related to the facility design for fuel storage,
including the following elements:
(1) The capability for periodic testing of components important to safety.
(2) Shielding for radiation protection.
(3) Provisions for containment or confinement.
f. General Design Criterion 62, as related to the prevention of criticality by
physical systems or processes utilizing geometrically safe configurations.
g. General Design Criterion 63, as it relates to monitoring systems provided to detect
excessive radiation levels.
h. Regutatory Guide 1.29, as related the seismic design classification of facility
components.
i.  Fuel storage capacity and criticality limits as discussed in III.1 and III.2
below.
An additional basis for determining the acceptability of the facility is the degree of
similarity of the design with that for previously reviewed plants with satisfactory operating
experience.

III. REVIEW PROCEDURES
The procedures below are used during the construction permit (CP) application review to
determine that the design criteria and bases and the preliminary design meet the acceptance .

9.1.1-2
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criteria given in Section Il of this plan. For operating license (OL) applications, the
review procedures and acceptence criteria are utilized to verify that the initial design
criterria 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 Section II. The reviewer
selects and emphasizes material from this review plan as may be appropriate for a
particular case.

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 determine
that the facility description section has stated the storage capacity provided by the
design. The SAR's for recent light water reactor applications have stated that
the storage space provided is consistent with the number of new fuel assemblies used
during the refueling cycle. In general, storage capacity for at least one-third of a
core is usually provided for each unit of a plant (e.g., 1/3 core for single unit design
and 2/3 core for a dual unit design).

2. The information provided in the SAR pertaining to criticality safety of the new fuel
storage facility is evaluated based in part on previously approved facilities or on
independent calculations by CPB upon request. The facility design criteria, safety
evaluation, system description, and the layout drawings for the storage vault and racks
are reviewed to verify that:

a. Criticality information (including the associated assumptions and input parameters)
in the SAR must show that the spacing between fuel assemblies in the storage racks
is sufficient to maintain the array, when fully loaded and flooded with nonborated
water, "in a subcritical condition, i.e., keff of less than abeut 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 enrichment in place assuming optimum
moderation. Credit may be taken for neutrons absorbing materials. An inde-
pendent criticality analysis will not be performed when the design of the storage
racks and physical characteristics of the fuel (e.g., enrichment, rod size, number
of rods, spacing, and shims) is the same, or is demonstrated in the SAR to be less
reactive than those of similar facilities which have been licensed.

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. ’

C. Failures of systems or structures not designed to seismic Category I standards
and located in the vicinity of the new fuel storage facility will not cause a
decrease in the degree of subcriticality provided. Reference to the SAR descrip-
tion section and the general arrangement and layout drawings will be necessary,
as well as the tabulation of seismic design classifications for structures and
systems. A statement in the SAR establishing the above condition as a design
criterion is acceptable.

d. Design calculations should show that the storage racks and the anchorages can with-
stand 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

9.1.1-3
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design of the crane handling system is acceptable if justification is presented.
The evaluation procedures identified in Standard Review Plan 9.1.4 are used to
validate this statement. ' ,

e. The vault and racks have been designed to preclude damage from dropped heavy
objects.

f. Sharing of a storage facility in multi-unit plants does not result in any added
potential for increasing the keff of the storage array.

3. The reviewer verifies that the safety function of the facility will be maintained,

.as required, if the facility is subjected to natural phenomena such as earthquakes,

tornadoes, hurricanes, and floods. In making this determination, the reviewer con-

siders the following points:

a. The facility design basis and criteria, and the component classification tables
presented in the SAR are reviewed to verify that the new fuel storage facility,
including the storage vault and racks, have been classified and will be designed
to seismic Category I requirements.

b. 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 missiles is provided. Flood protection and
missile protection criteria are discussed in the standard review plans for
Chapter 3 of the SAR. The reviewer utilizes the procedures of those review
plans, as appropriate, to assure that the analyses presented are valid. A state-
ment 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 commit-
ment at the CP stage.

4. The evaluations of the new fuel storage facility that are carried out by the secondary
review branches are done according to the procedures and criteria in standard review
plans for their areas of responsibility.

Iv. EVALUATION FINDINGS
The reviewer verifies that the information provided and his review suppert, conclusions of

the following type, to be included in the staff's safety evaluation report:

“The new fuel storage facility includes the fuel assembly storage racks, the concrete
storége vault that contains the storage racks, and auxiliary components. The scope
of review of the new fuel storage facility for the ___plant, includes
layout drawings, piping and instrumentation diagrams, and descriptive information for
the facility and the supporting systems that are essential to the safe operation of
the facility. [The review has determined the adequacy of the applicant's proposed
design criteria and design bases for the new fuel storage facility regarding the pro-

visions necessary to maintain a subcritical array during normal, abnormal, and accident
conditions. (CP)] [The review has determined that the applicant's analysis of the
design of the new fuel storage facility and supporting systems is in conformance with
the proposed design criteria and design bases. (OL)]

9.1.1-4
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"The basis for acceptance in the review has been conformance of the applicant's designs,

design criteria, and design bases for the new fuel storage facility and its 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 new fuel storage facility conforms to all

applicable regulations, guides, staff positions, and industry standards, and is

acceptable."

REFERENCES
1. 10 CFR Part 50, Appendix A, General
Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General

3. 10 CFR Part 50, Appendix A, General
Design Bases."

4, 10 CFR Part 50, Appendix A, General
and Components."

5. 10 CFR Part 50, Appendix A, General
and Radioactivity Control."

6. 10 CFR Part 50, Appendix A, General
Fuel Storage and Handling."

7. 10 CFR Part 50, Appendix A, General
Storage."

Design Criterion 2, "Design Bases for Protection

Design

Criterion 3, "Fire Protection."

Design Criterion 4, "Environmental and Missile

Design

Criterion 5, "Sharing of Structures, Systems,

Design Criterion 61, "Fuel Storage and Handling

Design

Design

Criterion 62, "Prevention of Criticality in

Criterion 63, "Monitoring Fuel Waste and

8. Regulatory Guide 1.29, "Seismic Design Classification."
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- NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.1.2 SPENT FUEL STORAGE
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Reactor Systems Branch (RSB)
Core Performance Branch (CPB)
Radiological Assessment Branch (RAB)
I.  AREAS OF REVIEW
Nuclear reactor plants include storage facilities for the wet storage of spent fuel assemblies.
The safety function of the spent fuel pool and storage racks is to maintain the spent fuel
assemblies in a subcritical array during all credible storage conditions and to provide a

safe means for the confinement and cask loading of the assemblies.

The APCSB reviews the spent fuel storage facility design including the spent fuel storage
racks, the spent fuel storage pool that contains the storage racks, and the associated
equipment storage pits. The cooling system is reviewed independently.

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.

¢. 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 and
pool (e.g., safe shutdown earthquake, crane uplift forces, missiles, and dropped
objects).

e. Design codes, materials compatibility, and shielding requirements;.

2. The provisions to preclude dropping the spent fuel shipping cask into the pool are re-
viewed separately in conjunction with the review of the cask loading pit area.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Offica of Nucl R R ion staff ible for the review of applications to construct and
opernta nuclear power plams These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
1 | public of r es and i S dard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not requlred The standard review plan () are keyed to ision2of the S dard Format and Content of Safety Analysis Reports
for Nuciear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

idered and should be sent to the U.S. N Regul. y C ission, Office of

(o and i for impr will be
Regulation, Washington, D.C. 20555.
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II.

3. The APCSB review of the provisions for maintaining the pool level and cooling is dis-
cussed in conjunction with the spent fuel cooling system review.

4. The applicant's proposed technical specifications are reviewed at the operating
Ticense (OL) stage, as they relate to areas covered in this review plan.

Secondary reviews are performed by other branches and the results used by the APCSB to
complete the overall evaluation of the facility, The secondary reviews are as follows:

the SEB determines the acceptability of the design analyses, procedures, and criteria used
to establish the ability of structures housing the facility to withstand the effects of
natural phenomena such as the safe shutdown earthquake (SSE), the probable maximum flood
(PMF), and tornado missiles. The MEB reviews the seismic qualification of components and
confirms that components, piping, and structures are designed in accordance with applicable
codes and standards. The RSB determines that the assigned seismic and quality group classi-
fications for the system components are acceptable. The MTEB verifies, upon request, the
compatability of the materials of construction with service conditions. The CPB verifies,
upon request, that the keff of loaded storage racks is acceptable. The RAB reviews the
adequacy of the shielding design and the radiation monitoring system.

ACCEPTANCE CRITERIA

Acceptability of the spent fuel storage facility design as described in the applicant's
safety analysis réport (SAR), including related sections of Chapters 2 and 3 of the SAR is
based on specific general design criteria and regu1atory guides, and on independent calcu-

lations and staff judgments with respect to system functions and component selection.
Listed below are specific criteria related to the storage facility.

1. The design of the spent fuel storage facility is acceptable if the integrated design
is in accordance with the following criteria:

a. General Design Criterion 2, as related to structures housing the facility and the
faciltity itself being capable of withstanding the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, and floods, as established in Chapters
2 and 3 of the SAR;

b. General Design Criterion 3, as related to protection against fire hazards.

c. General Design Criterion 4, as related to structures housing the facility and the
facility itself being capable of withstanding the effects of external missiles
and internally generated missiles, pipe whip, and jet impingement forces associated

with pipe breaks, such that safety functions will not be precTuded.

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

9.1.2-2
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III1.

e. General Design Criterion 61, as related to the facility 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 or confinement.
(3) The capability to prevent reduction in fuel storage coolant inventory under
accident conditions.

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

g. General Design Criterion 63, as it relates to monitoring systems provided to
detect conditions that could result in the loss of decay heat removal capabili-
ties, to detect excessive radiation levels, and to initiate appropriate '
safety actions.

h.  Regulatory Guide 1.13, as it relates to the fuel handling and storage facilify
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.

i. Regulatory Guide 1.29, as related to the seismic design classification of
facility components.

J.  Fuel storage capacity and criticality limits as discussed in III.1 and II1.2
below.

An additional basis for determining the acceptability of the spent fuel storage facility
is the degree of similarity of the design with that for previously reviewed plants with

satisfactory operating experience.

REVIEW PROCEDURES

The prbcedures 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 Section Il of this plan. For the review of the operating license (OL)
application, the review procedures and acceptance criteria.will be utilized. to verify that
the initial design criteria and bases have been appropriately implemented in the final
design. The OL review includes verification that the content and intent of the technical
specifications prepared by the applicant are in agreement with requirements for system
testing, minimum performance, and surveillance developed as a result of the staff's review.

The review procedures given below are for a typical storage system. Any variance of the
review, to take account of a proposed unique design, will be such as to assure that the

facility design conforms to the criteria in Section 1I. The reviewer selects and emphasizes
material from this review plan, as may be appropriate for a particular case.

9.1.2-3
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The quantity of spent fuel to be stored onsite forms the basis for the design capacity
of the fuel pool and the number of stbrage racks provided. The SAR is reviewed to
determine that the design basis and facility description section has stated the storage
capacity provided by the design. The SARs for recent light water reactor applications
have stated that the storage space provided is consistent with the maximum number of
spent fuel assemblies unloaded from the core during the refueling cycle plus the fuel
contained in a full core load (e.g., 1-1/3 core for a single unit plant and 1-2/3 core
for a dual unit facility).

The information provided in the SAR pertaining to criticality safety of the spenf fuel
storage facility is evaluated, based in part on previously approved facilities or on
independent calculations by CPB upon request. The facility design criteria, safety
evaluation, system description and the layout drawings for the spent fuel pool and
storage racks are reviewed to verify that:

a. Criticality information (including the associated assumptions and input parameters)
in the SAR must show that the center-to-center spacing between fuel assemblies in
the storage racks is sufficient to maintain the array, when fully loaded and
flooded with nonborated water, in a subcritical condition. A keff of less than
about 0.95 for this condition is acceptable. An independent criticality analysis
will not be performed when the design of the storage racks and physical character-
istics of the fuel (e.g., enrichment, rod size, number of rods, spacing, and shims)
is the same or is demonstrated in the SAR to be less reactive than those of similar
facilities which have been licensed.

b. The design of the storage racks is such that a fuel assembly cannot be inserted
anywhere other than in a design location.

c. Failures of systems or structures not designed to seismic Category I standards
and located in the vicinity of the spent fuel storage facility will not cause a
decrease in the degree of subcriticality provided. Reference to the.SAR descrip-
tion section and the general arrangement and layout drawings will be necessary, as
well as the tabulation of seismic design classifications for structures and
systems. A statement in the SAR establishing the above condition as a design
criterion is acceptable. (CP)

d. Design calculations should show that the storage racks :and the anchorages can
withstand the maximum uplift forces available from th2 crane without an increase
in keff or a decrease in pool water inventory. . A statement in the SAR that exces-
sive forces cannot be applied due to the design of the crane handling system is
acceptable if justification-is presented. The evaluation procedures identified in
Standard Review Plan 9.1.4 are used to validate this statement.

e. The spent fuel storage pool and racks are designed to preclude damage from dropped
heavy objects.
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f. Sharing of storage facilities in multi-unit plants will not increase the potential
for the Toss of pool water or decrease the degree of subcriticality provided.

The reviewer verifies that the safety function of the facility will be maintained, as
required, if the facility is subjected to adverse natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods. In making this determination, the reviewer considers
the following points:

a. The facility design basis and criteria and the component classification tables are
reviewed to verify that the spent fuel storage facility including the storage poo}l
and racks have been classified and designed to seismic Category I requirements.
The APCSB will accept a statement that the facility will be designed and con-
structed as a seismic Category I system. (CP)

b. The essential portions of the spent fuel storage system are reviewed to verify
that protection from the effects of floods, hurricanes, tornadoes, and internally
or externally generated missiles is provided. Flood protection and missile pro-
tection criteria are discussed in the standard review plans for Chapter 3 of the
SAR. The reviewer utilizes the procedures of those review plans, as appropriate,
to assure that the analyses presented are valid. APCSB will accept a statement to
the effect that the facility is located in a seismic Category I structure that is
tornado missile and flood protected or that components of the system will be
located in individual rooms that will withstand the effects of both flooding and
missiles.’

The wet storage of spent fuel assembﬁies for safe handling also necessitates the under-
water transfer of spent fuel to a loading area for shipment in spent fuel casks. The
SAR is reviewed to verify that the design basis and facility description section has
stated that a separate-spent fuel shipping cask loading area (pit) has been provided
adjacent to the spent fuel pool. The loading pit, by virtue of its proximity to the
spent fuel pool, is subjected to the same adverse environmental phenomena. Accordingly,
the reviewer verifies that the loading pit has been designed so that the safety function
of the integrated system will be maintained during these environmental conditions. In
addition, the reviewer verifies that the following are included in the design:

a. An interconnecting canal between the fuel pool and the loading pit should be pro-
vided to permit the underwater transfer of fuel to the shipping cask, with pro-
visions for isolating from the fuel pool. A statement in the SAR that these
elements are included in the design is acceptable. The reviewer uses engineering
judgment to assure himself that the means provided meet the intent stated.

b. ~ The SAR safety evaluations, results of design calculations, and the general arrange-
ment and layout drawings shou]d show that the spent fuel loading pit has been

designed to withstand the loads from dropped heavy objects including the shipping
cask, and that the loading area is not an integral part of the storage pool floor

9.1.2-5
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so that if a dropped object should breach the pit area, the drainage would not
Tower the fuel pool water to an unacceptable level. The review of cranes and
other elements of the fuel handling system to assure that the design of these com-
ponents minimizes the 1ikelihood of dropping heavy loads is done under Standard
Review Plan 9.1.4.

IV.  EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions of

the following type, to be included in the staff's safety evaluation report:

"The spent fuel storage facility -includes the spent fuel storage racks, the spent fuel

storage pool that contains the storage racks, and the associated equipment storage pits.

The scope of review of the spent fuel storage facility for the

plant included layout drawings, piping and instrumentation diagrams, and descriptive
information for the facility and the auxiliary supporting systems that are essential

to the operation of the facility. [The review has determined the adequacy of the
applicant's proposed design criteria and design bases for the spent fuel storage facil-
ity and the provisions necessary to maintain a subcritical array during all normal,
abnormal, and accident conditions. (CP)] [ The review has determined that the appli-
cant's analysis of the design of the spent fuel storage facility and auxiliary support-
ing 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 spent fuel storage facility and necessary auxil-
iary 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 spent fuel storage facility conforms to
all applicable regulations, guides, staff positions, and industry standards, and is
acceptable.”

V.  REFERENCES

1.

11/24/75

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 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 61, "Fuel Storage and Handling

and Radioactivity Control."
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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."

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

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

Primary - 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) -
I. AREAS-OF REVIEW .
A1l nuclear reactor plants include a spent fuel pool for the wet storage of spent fuel
assemblies. The methods used to provide cooling for the removal of decay heat from the
stored assemblies vary from plant to plant depending upon the individual design. The
safety function to be performed by the system in all cases remains the same; that is, the
spent fuel assemblies must be cooled and must remain covered with water during all storage
conditions. Other functions performed by the system, not related to safety, 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 revieQ 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 capabi]ity of the spent fuel pool cooling and cleanup system to provide adequate

cooling to the spent fuel during all operating conditions is reviewed including

the following considerations: )

a. The quantity of fuel to be cooled, including the corresponding requirements for ’
continuous cooling during normal, abnormal, and accident conditions.

b. The ability of the system to maintain pool water levels.

c. The ability to provide alternate cooling capability and the associated time
required for operation.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl. R R lation staff resp ible for the review of applications to construct and
operate nuciear power plants. These d: are made i to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The dard review plan i are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuctear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate. to accommodate comments and to reflect new information and experience.

C and sug i for impr will be idered and should be sent to the U.S. N y C issi Office of
Regulation, Washington, D.C. 20655.
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d. Provisions to provide adequate make-up to the pool.

e. Provisions to precliude loss of function resulting from single active failures
or failures of non-safety-related components or systems. : ‘
v

f. The means provided for the detection and isolation of system components that
could develop leaks or failures. ’

g. The instrumentation provided for initiating appropriate safety actions.

h. The ability of the system to maintain uniform pool water temperature conditions
and minimize corrosion products, fission products, and impurities in the water.

The applicant's proposed technical specifications are reviewed for operating Ticense
applications as they relate to areas covered in this review plan.

Secondary reviews are performed by other branches and the results used by the APCSB

‘to complete the overall evaluation of the system. The secondary reviews are as follows:
The SEB determines the acceptability of the design analyzes, procedures, and criteria

used to establish the ability of structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earthquake (SSE), the
probable maximum flood (PMF), and tornado missiles. The MEB reviews the seismic
qualification of components and confirms that the system is designed in accordance with
applicable codes and standards. The RSB determines that the assigned seismic and

quality grdyp classifications for the system components are acceptable. The MTEB verifies
that inservice inspection requirements are met for system components and upon request,
verifies the compatability of the materials of construction with service conditions. The
EICSB upon request, determines the adequacy of the design, installation, inspection, and
testing of all essential electrical components required for proper operation. '

ACCEPTANCE CRITERIA

Acceptability of the design of.the spent fuel pool cooling and cleanup system, as described
in the applicant's safety analysis report (SAR), including related sections of Chapters 2
and 3 of the SAR is based on specific general design criteria and regulatory guides, and

on independent calculations and staff judgments with respect to system functions and com-
ponent selection. Listed below are specific criteria related to the spent fuel pool
cooling and cleanup systems.

1. The design of the spent fuel pool cooling and cleanup system is acceptable if the
integrated design is in accordance with the following criteria:

a. General Design Criterion 2, as related to structures housing the system and
the system itself being capable of withstanding the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, and floods, as established in
Chapters 2 and 3 of the SAR.

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

9.1.3-2 ‘
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¢c. General Design Criterion 5, as related to shared systems and components important

» to safety being capable of performing required safety functions.
‘ d. General Design Criterion 44, to include:

(1) The capability to transfer heat loads from safety-related structures,
systems, and components to a heat sink under both normal operating and
accident conditions.

(2) Suitable redundancy of components so that safety functions can be performed
assuming a single active failure of a component coincident with the loss
of all offsite power.

(3) The capability to isolate components, systems, or piping, if required, so
that the system safety function will not be compromised.

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

f. General Design Criterion 46, as related to the design provisions to permit
operational functional testing of safety-related systems or components to
assure structural integrity and system leak tightness, operability, and adequate
performance of active system components, and the capability of the integrated
system to perform required functions during normal, shutdown, and accident
situations. ‘

g. General Design Criterion 61, as related to the system design for fuel storage
and handling of radioactive materials, including the following elements:

’ . (1) The capability for periodic testing of components important to safety.
(2) Provisions for containment.
(3) Provisions for decay heat removal.

h. The capability to prevent reduction in fuel storage coolant inventory under
accident conditions. )

j.  General Design Criterion 63, as it relates to monitoring systems provided to
detect conditions that could result in the loss of decay heat removal, to detect
excessive radiation levels, and to initiate appropriate safety actions.

J- Regulatory Guide 1.13, as it relates to the system design to prevent damage
resulting from the SSE.

k. Regulatory Guide 1.26 as it relates to quality group classification of the system
and its components.

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

m.  Branch Technical Position APCSB 3-1, as it relates to breaks in high and
moderate energy piping systems outside containment.

An additional basis for determining the acceptability of the spent fuel pool cooling and
cleanup system is the degree of similarity of the design with that for previously
reviewed plants with satisfactory operating experience.
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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 Il of this review plan. For the review of operating license (OL) applications,

the review procedures and acceptance criteria and bases have been appropriately implemented
in the final design as set forth in the final safety analysis report. The review procedures
for OL applications include a determination that the content and intent of the technical
specifications prepared by the applicant are in agreement with the requirements for system
testing, minimum performance, and surveillance developed as a result of the staff's review.

The review procedures given below are for 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 II. In the review, the spent fuel pool cooling and cleanup system

is evaluated with respett to its capability to perform the necessary safety functions

during all conditions, including normal operation and refueling, abnormal storage conditions,
and accident conditions.

1. The safety function of the system for refueling and normal operations is identified by
reviewing the information provided in the SAR pertaining to the.design bases and criteria
and the safety evaluation section. The SAR section on the system functional performance
requirements is also reviewed to determine that it describes the mihimum system heat
transfer and system flow requirements for normal plant operation, component operational
degradation requirements (i.e., pump leakage, etc.) and describes the procedures that
will be followed to detect and correct these conditions should degradation become exces- ‘
sive. The reviewer, using failure modes and effects analyses, determines that the
system is 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), Tayout drawings, and component descriptions
are then reviewed for the following points:

a. Essential portions of the system are correctly identified and are isolable from
the nonessential portions of the system. The P&IDs are reviewed to verify that
they clearly indicate the physical division between each portion and indicate
required classification changes. System drawings are also reviewed to see that
they show the means for accomplishing isolation and the system description is
reviewed to identify minimum performance requirements for the isolation valves.
For the typical system, the drawings and description are reviewed to verify that
automatically operated isolation valves separate nonessential portions and compo-
nents from the essential portions.

b. Heat exchangers, pumps, valves and piping for the cooling portion of the system
are designed to quality group and seismic Category I requirements in accordance with
applicable criteria, as described in the system design bases and criteria, and the
component classification tables. The APCSB will accept a statement that the system
will be designed and constructed as a seismic category I system.

9.1.3-4 .

11/24/75



The stated quantity of fuel to be cooled by the spent fuel cooling system is con-
sistent with the quantity of fuel stored, as stated in Section 9.1.2 of the SAR.

For the maximum heat load with normal cooling systems in operation the temperature
of the pool should be kept at or below 140°F and the liquid level in the pool is
maintained. The associated parameters for the decay heat load of the fuel assem-
blies, the temperature of the pool water, and the heatup time or rate of pool
temperature rise for the stated storage conditions are reviewed on the basis of
independent analyses or comparative analyses of pool conditions that have been
previously found acceptable.

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 approximately 10 feet above the top of the active
fuel. Pipes or external lines extending into the pool that are equipped with siphon
breakers, check valves, or other devices to prevent drainage are acceptable as a
means of implementing this requirement,

A seismic Category I makeup system and an appropriate backup method to add coolant
to the spent fuel pool are provided. The APCSB evaluates the component seismic
classification table to assure that the primary makeup system is designed as a
seismic Category I system. The secondary (backup) system need not be a permanently
installed system, nor Category I, but must take water from a Category I source.
Engineering judgment and comparison with plants of similar design are used to deter-
mine that the makeup capacities and the time required to make associated hookups

are consistent with heatup times or expected leakage from structural damage.

Design provisions have been made that permit appropriate inservice inspection

and functional testing of system components important to safety. It will be accept-
able if the SAR information delineates a testing and inspection program and if the
system drawings show the necessary test recirculation loops around pumps or isola-
tion valves that would be required by this program. '

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

be maintained, as required, in the event of adverse natural phenomena such as earth-

quakes, tornadoes, hurricanes, and floods. The reviewer evaluates the system, using

engineering judgment and the results of failure modes and effects analyses to determine

the following:

a.

The failure of portions of the system, or of other systems not designed to seismic
Category I standards systems and Tocated 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 Tayout drawings, will be necessary as well as to the SAR tab-
ulation of seismic design classifications for structures and systems. Statements
in the SAR to the effect that the above conditions are met are acceptable. (CP)
The essential portions of the spent fuel pool cooling system are protected from
the effects of floods, hurricanes, tornadoes, and internally or externally gener-
ated missiles. Flood 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
located in a seismic Category I structure that is tornado missile and flood pro-
tected, or that components of the system will be located in individual cubicles or
rooms that will withstand the effects of both flooding and missiles is acceptable.
The location and design of the system, structures, and pump rooms (cubicles) are
reviewed to determine that the degree of protection provided is adequate.

The system design information and drawings are analyzed to assure that the following
features will be incorporated. A statement that these features will be included in
the design by some appropriate means is a basis for acceptance. (CP)

a. A leakage detection system is provided to detect component or system leakage. An
adequate means for implementing this requirement is to provide sumps or drains with
adequate capacity and appropriate alarms in the immediate area of the system.

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

¢. Design provisions are made to assure the capability to detect leakage of radio-
activity or chemical contamination from one system to another and to preclude
long-term corrosion, organic fouling, or the spreading of radioactivity. Radio-
activity monitors and conductivity monitors located in the system discharge lines
are acceptable means for implementing this requirement.

The essential portions of the system must be protected from the effects of high and
moderate energy line breaks. Layout drawings are reviewed to assure that no high or
moderate energy piping systems are close to essential portions of the system, or that
protection from the effects of failure will be provided. The means of providing such
protection will be given in Section 3.6 of the SAR, and the procedures for reviewing
this information are given in the corresponding review plans.

The SAR descriptive information, P&IDs, layout drawings, and system analyses are re-
viewed to assure that essential portions of the system will function following design
basis accidents, assuming a concurrent single active component failure. The reviewer
evaluates failure mode and effects analyses presented in the SAR to assure function

of required components, trace the availability of these components on system drawings,
and check that minimum system fiow, 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 comparisons with previously approved systems
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are used to verify that where a non-safety-related system interconnects or interfaces
with the cooling system, its failure by any event or malfunction will not preclude
adequate functional performance of the cooling system.

7. The cleanup system is also reviewed to assure that it has been designed with the capa-
bility to maintain acceptable pool water conditions. TheP&Hb and associated in-
formation provided in the SAR is reviewed to verify the following:

a. A means has been provided for mixing to produce a uniform temperature through-
out the pool.

b. The cleanup components have the capacity and capability to remove corrosion
products, fission products, and impurities so that water clarity and quality
will enable safe operating conditions in the pool.

c. The capability for processing the refueling canal coolant during refueling opera-
tions has been provided.

d. Provisions to preclude the inadvertent transfer of spent filter and demineralized
media to any place other than the radwaste facility have been provided.

EVALUATION FINDINGS
The reviewer verifies that sufficient information has been provided and that his review

supports conclusions of the following type, to be included in the staff's safety evaluation
report:

"The spent fuel pool cooling and cleanup system includes all components and piping
of the system from inlet to and exit from the storage pool and pits, the seismic
Category I water source and piping used for fuel pool 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

diagrams, piping and instrumentation djagrams, and descriptive information for the
system and the supporting systems that are essential to safe operation. [The review
has determined the adequacy of the applicant's proposed design criteria and design
bases for the spent fuel pool cooling and cleanup system regarding the requirements
for continuous cooling during normal, abnormal, and accident conditions. (CP)] [The
review has determined that the applicant's analysis of the design of the spent fuel
pool cooling and cleanup systems and supporting systems is in conformance with the

design criteria and design bases. (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 tc 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 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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3. 10 CFR Part 50, Appendix A, General Design Criterion 5, “Sharing of Structures, Systems
and Components."
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9.1.3-8

11/24/75



NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION.9.1.4 FUELL HANDLING SYSTEM
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
Rad1o]og1ca1 Assessment Branch (RAB)
I. AREAS OF REVIEW
The APCSB reviews the fuel handling system (FHS) from the receiving of the new fuel through
the shipping of the spent fuel from the plant.site. The design layout, which shows the
functional geometric layout of the handling equipment, including the areas of movement over
and around the fixed locations of safety-related facilities during fuel handting, is reviewed
to determine that the various handling operations can be performed safely. The main empha-
sis in the FHS review is on critical load handling in which inadvertent operations or equip-
ment malfunctions, either separately or in combination, could cause a release of radicactivity
or prevent safe shutdown of the reactor.

1. The APCSB 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 APCSB reviews the design of ‘the FHS with respect to the following aspects of
individual components and the integrated system:

a. Performance and load handling requirements specified for equipment.
b. Handling control features.

c. The methods and equipment for transferring fuel assemblies from the reactor core
to the storage location.

d. The methods and equipment for transferring stored fuel to the spent fuel shipping
cask.

e. Design codes and standards used for the handling and transportation mechanisms.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl. R Iation staff ible for the review of applications to construct and
operate nuclear power plsms These d are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of r nd polici Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and

compliance with them is nut requlrod Yho standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard raview plans will be revised periodically, as appropriate. to accommodate comments and to reflect new information and experience.

C and for impr will be i d and should be sent to the U.S. Nucl Ri y Ci issi Office of
Regulation, Washington, D.C. 20555.
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The applicant's proposed technical specifications are reviewed for operating license

applications, as they relate to areas covered in this review plan. . l

Secondary reviews will be performed by other branches where necessary and as requested by
APCSB 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 I structures housing the system and
supporting systems to withstand the effects of natural phenomena such as a safe shutdown
earthquake {SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will
review the seismic qualification testing and operability of components and confirm that the
components, piping, and structures are designed in accordance with applicable codes and
standards. The RSB will determine that the seismic and quality group classifications for
the system components are acceptable. 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 EICSB 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 Tow as practicable.

IT. ACCEPTANCE CRITERIA
Acceptability of the FHS design, as described in the applicant's safety analysis report (SAR)
including related sections of Chapters 2 and 3 of the SAR, is based on specific general

design criteria, regulatory guides, and safety standards and engineering codes. An additional
basis for determining the acceptability of the FHS will be the degree of similarity of the ‘
design with that of previously reviewed plants with satisfactory operating experience. Listed

below are specific criteria as they relate to the FHS.

The FHS is acceptable if the integrated design of the structural, mechanical, and electrical
elements, the manual and automatic operating controls, and the safety devices provide ade-
quate 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. General Design Criterion 2, as related to the ability of structures, equipment, and
mechanisms to withstand the effects of natural phenomena such as earthquakes, tornadoes,

floods, and hurricanes.

2. General Design Criterion 5, as related to the capability of shared equipment and com-
ponents important to safety.

3. Regulatory Guide 1.29, as related to the seismic design classification of components.

4. ANSI standards for components, machinery, and subsystems.

9.1.4-2
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III.

5. Engineering society design standards, codes, or industry standard specifications appli-
cable to the selection of components and subsystems.

6. Branch Technical Position APCSB 9-1, as related to overhead handling systems designed
to preclude a load drop from a single failure.

7. For the case where a single failure-proof crane has not been provided, the proposed
facility design will be acceptable if it can be determined that the consequences of a
load drop would not affect the ability of the plant to be shut down or result in the
release of significant amounts of radiocactive materials.

REVIEW PROCEDURES

The fuel handling system provides for handiing of fuel assembiies, spent fuel casks, and
other critical loads. The general objective of the review is to confirm that the FHS design
precludes system malfunctions or failures that would prevent safe shutdown of the reactor or
cause a release of radioactivity. There are variations in the designs of proposed handling
systems, hence there will be variations in system requirements and the type and number of
critical Toads to be handled. For the purpose of this review, the FHS is assumed to include
one of two crane types:

1. Cranes whose critical loads, if dropped while being handled, can damage essential
equipment or cause a release of radioactivity and are, therefore, designed (including
associated rigging and connections to the load) to be "single failure-proof" so that
the Toad could not fall in the event of a single failure.

2. Cranes whose critical loads, if dropped while being handled, cannot damage essential
equipment or cause a release of radioactivity because of facility design provisions
such as physical separation of essential equipment from load-handling pathways or load
Timitations.

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 Section II of this plan. For operating license (OL) reviews
the procedures are used to verify that the design criteria and bases have been appropriately
implemented in the FHS final design.

The reviewer will select and emphasize material from this review plan, as may be appropriate
for a particular case. "

1. The system performance requirements for the FHS are reviewed to determine that they
cover the handling system concept used in the design, and describe the component and
subsystem functions within the integrated system. The performance requirements should
also define any degradation considered for components and describe the procedures that
are followed to detect and correct degraded conditions.

9.1.4-3
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2. The performance specifications required as part of the design and described in the SAR

are reviewed to determine that the design, material selection, manufacturing, installa-
tion, testing, and operating procedures are in accordance with state-of-the-art practice. ‘
The reviewer verifies that the consensus standards, engineering codes, and industrial
or manufacturing association standards selected and used are adequate and appropriate

for the FHS.

3. For cranes of "type 2", as defined above, the information presented in the SAR is
reviewed to determine that the specific arrangement of the system and subsystems and
the load handling paths to be used are described with respect to locations of essen-
tial equipment. For overhead cranes and other lifting devices with Toad limitations
or that are separated from essential equipment, the reviewer covers the following
points:

a. The size, shape, and dimensions of the pofentia11y most damaging load (the load
which, if 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 to determine the compatibility of the design
with load handling and movement requirements. The reviewer uses the requirements
of codes and standards and, if required, performs an independent analysis to
determine acceptability of the system.

b. The instrumentation and control system, including the 1imit and safety devices
provided for automatic and manual operation for both normal and emergency condi-
tions, that are required to operate to maintain safety in the event of a failure

of the system are reviewed. The results of failure modes and effects analyses
are used by the reviewer to determine that the control system adequately limits
loads or limits crane load movement, assuming a single failure, without affecting
the function of essential equipment or causing the release of radioactivity.

c. The description of operating and test procedures presented in the SAR is reviewed
to determine that load proof-testing, design-rated load testing, nondestructive
testing, preventative checks, and examinations of hookup are in accordance with
the requirements of the safety standards set forth in ANSI standards.

4. For cranes that have been designed to be single failure-proof, i.e., cranes of "type 1,"
as defined above, the reviewer determines that the design conforms to Branch Technical
Position APCSB 9-1.

5. The information presented in the SAR for the fuel handling equipment, including the
equipment storage areas, is reviewed to determine that a seismic event cannot result
in damage to spent fuel or essential equipment.

6. The fuel transfer carriage design is reviewed to determine the means of preventing
damage to fuel assemblies due to movement of the carriage when the "upender" is in the

vertical position.

9.1.4-4
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v.

7.

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

EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support conclusions of

the following type, to be included in the staff's safety evaluation report:

"The fuel handling system includes all components and equipment used in moving fuel
from the receiving of new fuel to the shipping of spent fuel from the plant site. The
scope of review of the fuel handling system (FHS) for the plant

included layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion for the system and the supporting systems that are essential to the safe operation
of the FHS. [The review has included the applicant's proposed design criteria and
design bases for the FHS, the adequacy of those criteria and bases, and the require-
ments for safe operation of the FHS during normal and abnormal conditions. (CP)]

[The review has included the applicant's analysis of the manner in which the design of
the FHS and supporting systems conforms to the design criteria and design bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant’s
designs,.design criteria, and design bases for the FHS and 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 FHS conforms to all applicable regulations,
guides, staff positions, and industry standards and is acceptable."

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 Design Criterion 5, "Sharing of Structures, Systems
and Components."

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

Regulatory Guide 8.8, "Information Relevant to Maintaining Occupational Radiation
Exposure As Low As Practicable (Nuclear Reactors)."

Branch Technical Position, APCSB 9-1, "Overhead Handling Systems for Nuclear Power
Plants," attached to this plan.
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BRANCH TECHNICAL POSITION APCSB 9-1
OVERHEAD HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS ‘

A.  BACKGROUND
Overhead handling systems are used for handling heavy items at nuclear power plants.
The handling of heavy loads such as a spent fuel cask raises the possibility of damage to
the load and 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, such as a spent fuel cask. One

is protection by physical design of the facility to preclude damage to spent fuel and
safety-related systems if a heavy load should be dropped. The other is to provide an
overhead handling system that is designed so that a connected load would not fall in the
event of a failure or malfunction.

An overhead handling system includes all the structural, mechanical, and electrical
components that are needed to 1ift and transfer a Toad from one location 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 disen-
gaging from the braking and control system in case of a shaft or bearing failure. If the
hoisting system (raising and lowering) includes two mechanical holding brakes, each with
better than full-load stopping capacity, that are automatically activated when electric
power is off or when mechanically tripped by overspeed or overload devices, a critical Toad ‘
will be safely held or controlled in case of failure in the individual load-bearing parts
of the hoisting machinery. Failure of the bridge or trolley travel to stop when power is
shut off or an overspeed or overload condition due to malfunction or failure in the drive
system can be prevented and'contro11ed by appropriate safety and lTimit devices and brake
systems.

Since the crane industry has not yet developed codes or standards that adequately cover the
design, operation, and testing for a "single failure-proof" crane, the APCSB has developed

a branch position to provide a consistent basis for reviewing equipment and components for
such overhead handling systems. The position below delineates acceptable codes and standards
and supplements them with specific recommendations on features that will prevent, control,

or stop inadvertent operation or malfunction of the mechanical supporting and moving
- components of the handling system. ’

9.1.4-6
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BRANCH TECHNICAL POSITION

Overhead hand]ing'systems intended to provide single failure-proof handling of loads should

be designed so that no single failure or malfunction will result in dropping or Toosing
control of the heaviest (critical) loads to be handled. Such handling systems should be

designed, fabricated, installed, inspected, tested, and operated in accordance with the

following:
1. General Performance Specifications
a. Separate performance specifications should be prepared for a permanent crane which

is to be used for construction prior to use for plant operation. The allowable
design stress 1imits. 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.

The operating environment, including maximum and minimum pressure, temperature,
humidity, and rates of change of these parameters, should be specified to determine
the venting and drainage required for box girder sections. The specifications
should also state the corrosive and hazardous conditions that may occur during
operation. Fracture toughness for the steel structural materials should be
considered. Plate thickness, with a margin for the lowest operating temperatures,
should determine the type of steel that can be used with or without toughness
tests. The selection of steel materials will be reviewed on a case-by-case basis.

The crane should be classified as seismic Category I and should be capable of
retaining the maximum design Toad during a safe shutdown earthquake, although the
crane may not be operable after the seismic event. The bridge and trolley should
be provided with means for preventing them from leaving their runways with or with-
out the design load during operation or under seismic loadings. The design rated
load plus operational and seismically-induced pendulum and swinging load effects

on the crane should be considered in the design of the trolley, and they should be
added to the trolley weight for the design of the bridge.

A1l weld joints for load-bearing structures, including those susceptible to Tamellar
tearing, should be inspected by nondestructive examinations for soundness of the
base metal and weld metal.

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.

Preheat and postheat treatment temperatures for all weldments should be specified
in the weld procedures. For low-alloy steel, the recommendations of Regqulatory
Guide 1.50 should be followed.
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2. Safety Features

a.

The automatic and manual contro]é and devices required for normal crane operation
should be designed such that a malfunction of these controls and devices, and pos-
sible subsequent effects during load handling, will not prevent the handling
system from being maintained at a safe neutral holding position.

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 in repairing, adjusting, or
replacing failed components or subsystems when failure of an active component or
subsystem has occurred and the Toad is supported and retained in the safe (temporary)
position with the system immobile. As an alternative to repairing the crane in
place, means may be provided for moving the handling system with load to a laydown
area that has been designed for accepting the load and making the repairs.

3. Equipment Selection

a.

11/24/75

Dual load attaching points should be provided on the load block or lifting

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

Lifting devices such as 1ifting beams, yokes, laddle or trunnion type hooks, slings,
togglies, 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.

The vertical hoisting (raising and lowering) mechanism which uses rope and consists
of upper sheaves (head block), Tower sheaves (load block), and rope reeving system,
should be designed with redundant means for hoisting. Maximum hoisting speed should
be no greater than 5 fpm.

The head and load blocks should be designed to maintain 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 Toad block should maintain alignment and a posi-
tion of stability with either system and be able to support 3W and maintain load
stability and vertical alignment from the center of the head block through all
hoisting components to the center of gravity of the load.

The design of the rope reeving system should be dual, with each system providing
separately the load balance on the head and load blocks through the configuration
of ropes and rope equalizers. Selection of the hoisting rope or running rope
should consider the size, construction, lay, and means or type of lubrication to
maintain efficient working of the individual wire strands as the rope passes over
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sheaves during the hoisting operation. The effects of impact loadings, acceleration,
and emergency stops should be included in selection of the rope and reeving

system. The wire rope should be 6 x 37 Iron Wire Rope Core (IWRC) or comparable
classification.

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

The maximum fleet angle from drum to lead sheave in the Toad block should not
exceed 3-1/2 degrees at any point durihg hoisting 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 if a sheave-type equalizer is used. The fleet angles for rope between
individual sheaves should not exceed 1-1/2 degrees. Equalizers may be beam or
sheave type. For the recommended 6 x 37 IWRC classification wire rope, pitch
diameter of the lead sheave should be 30 times rope diameter for the 180° reverse
bend, 26 times rope diameter for running sheaves, and 13 times rope diameter for
equalizers. The pitch diameter is measured from the center of the rope in the
sheave groove through the sheave center. The dual reeving system may be a single
rope from each end of a drum terminating at a beam-type load and rope stretch
equalizer with each rope designed for total load, or a 2-rope system may be used
from each 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 is the weight of the design rated load). A
2W static load test should be performed for each reeving system and load attaching
point at the manufacturer's plant. Each reeving system and each one of the load
attaching devices should be assembled with approximately a 6 inch clearance
between head and load blocks and should support 200% of the design rated load
without degradation of the components or permanent deformation other than that
due to localized stress concentrations. Measurements of the geometric configura-
tion of the attaching points should be made before and after test followed by
nondestructive examination, which should consist of combinations of magnetic
particle, ultrasonic, radiographic, and dye penetrant examinations to verify the
soundness of fabrication and assure the integrity of this portion of the hoisting
system. The results of examinations should be documented and recorded for the
hoisting system for each overhead crane.

Means should be provided to sense such items as electric current, temperature,
overspeed, overloading, and overtravel. Controls should be provided to stop the
hoisting movement within 3 inches maximum of vertical travel through a combination
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of electrical power controls and mechanical braking and torque control systems
should one rope of the dual reeving system fail. ‘
i.  The control systems may be designed as combination electrical and mechanical

systems and may include such items as contractors, relays, resistors, and thyristors

in combination with mechanical devices and mechanical braking systems. The elec-
tric controls should be selected to provide a maximum breakdown torque Timit of
175% of the required rating for a-c motors or d-c motors (series or shunt wound)
used for the hoisting drive motors. Compound wound d-c motors should not be used.
The control systems provided should consider hoisting (raising and lowering) of
all loads, including the design rated load, and the effects of inertia of the
rotating hoisting machinery such as motor armatures, shafts and couplings, gear
reducers, and drums.

j. The mechanical and structural components of the hoisting system should have the

required strength to resist failure should "two-b]ocking“l/ w2/

or "load hangup
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 Toad
hangup. The location and type of mechanical brakes and controls should provide
positive and reliable means to stop and hold the hoisting drums for these occur-
rences. The hoisting system should be able to withstand the maximum torque of the
driving motor, if a malfunction occurs and power to the driving motor cannot be

shut off at the time of load hangup or two-blocking.

k. The load hoisting drum on the trolley should be provided with structural and .
mechanical safety devices to prevent the drum from dropping, disengaging from its
holding brake system, or rotating, should the drum or any portion of its shaft or
bearings fail.

1. To preclude excessive breakdown torque, the horsepower rating (HP) of the electrical
motor drive for hoisting should provide no more than 110% of the calculated HP
requirement to hoist the design rated load at the maximum design hoist speed.

m.  The minimum hoist braking system should include one power control braking system
(not mechanical or drag brake-type) and two mechanical holding brakes. The holding
brakes should be activated when power is off and should be automatically tripped
by mechanical means on overspeed to the full holding position if a malfunction
occurs in the electrical brake controls. Each 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). The minimum design requirements for braking

l»/“Two-blocking" is an inadvertently continued hoist which brings the Toad and head block assem-
blies into physical contact, thereby preventing further movement of the Toad block and
creating shock loads to rope and reeving system.

g-/"Load hangup" occurs when the load block or load is stopped during hoisting by entanglement
with fixed objects, thereby overloading the hoisting system.

9.1.4-10 , .
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systems that will be operable for emergency lowering after a single brake failure

R should be two holding brakes for stopping and controlling drum rotation. Provisions
‘ should be made for manual operation of the holding brakes. Emergency brakes or
ho1ding'brakes which are to be used for manual lowering should be capable of oper-
ation with full load and at full travel and provide adequate heat dissipation.
Design for manual brake operation during emergency lowering should include features

to limit the lowering speed to less than 3.5 fpm.

n. The dynamic and static alignment of all hoisting machinery components including
gearing, shafting, couplings, and bearings should be maintained throughout the
range of loads to be 1ifted with all components positioned and anchored on the
trolley machinery platform.

0. Increment drives for hoisting may be provided by stepless controls or inching
motor drives. P]ugginggj should not be permitted. Controls to prevent plugging
should be included in the electrical circuits and the control system. F]oating
pointﬂ/ 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 items as variable speed or

. inching motor drives. Control and holding brakes should each be rated at 100% of
maximum drive torque at the point of application. If two mechanical brakes are
provided, one for control and one for holding, they should be adjusted with one
brake in each system for both the trolley and bridge leading the other and should
be activated by release or shdtoff of power. The brakes should also be mechanically
tripped to the "on" or "holding" position in the event of a malfunction in the
power supply or an overspeed condition. Provisions should be made for manual
operation of the brakes. The holding brake should be designed so that it cannot
be used as a foot-operated slowdown brake. Drag brakes should not be used.
Opposite wheels on bridges or trolleys which support the bridge or trolley on the
runways should be matched and have identical diameters. Trolley and bridge
speeds should be limited. A maximum speed of 30 fpm for the trolley and 40 fpm
for the bridge is recommended.

q. The complete operating control system and provisions for emergency controls for
the overhead crane handling system should be Tocated in the main cab on the

§-/P1ugg1'ng is the momentary application of full line power to the drive motor for the purpose of
promoting a limited movement.

ﬂ-/The point in the Jowest range of movement control at which power is on, brakes are off, and
motors are not energized.

‘ 9.1.4-N
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bridge. Additional cabs located on the trolley or 1ifting devices should have

complete control systems similar to the bridge cab. Manual controls for hoisting

and trolley movement may be provided on the trolley. Manual controls for the ‘
bridge may be located on the bridge. Remote controls or pendant controls for any

of these motions should be the same as those provided in the bridge cab control

panel. Provisions should be made in the design for devices for emergency control

or operations. Limiting devices, mechanical and electrical, should be provided

to indicate, control, and prevent overtravel and overspeed of hoist (raising or

Towering) and for trolley and bridge travel movements. Buffers for bridge and

trolley travel should be included.

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

The operating requirements for all travel movements (vertical and horizontal

movements or rotation, singly or in combination) for permanent plant cranes

should be clearly defined in the operating manual for hoisting and for trolley

and bridge travel. The designer should establish the maximum working load (MWL).

The MWL should not be Tess than 85% of the design rated load (DRL) capacity for

the new crane at time of operation. The redundancy provided, design factors,

selection of components, and balance of auxiliary-ancilliary and duel items in

the design and manufacture should be taken into account in setting the maximum

working load for the critical load handling crane system{s). The MWL should not

exceed the DRL for overhead crane handling systems. '

When the permanent plant crane is to be used for construction and the operating
requirements for construction are not identical to those required for permanent
plant service, the construction operating requirements should be defined separately.
The crane should be designed structurally and mechanically for the construction
loads, plant service loads, and the functional performance requirements for each.
At the end of the construction period, the crane handling system should be adjusted
for the performance requirements of permanent plant service. The conversion or
adjustment may include the replacement of such items as motor drives, blocks, and
reeving system. After construction use, the crane should be thoroughly inspected
using nondestructive examinations and should be performance tested. If the load
and performance requirements are different for construction and plant service
periods, then the crane should be tested for both phases. The crane integrity
should be verified by the designer and manufacturer and load testing to 125% of

the design rated load required for the operating plant should be done before the
crane is used as permanent plant equipment. ’

Installation instructions should be provided by the manufacturer. These should
include a full explanation of the crane handling system, its controls, and the
limitations for the system, and should cover the requirements for installation,

testing, and preparations for operation. ‘
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4. Mechanical Checks, Testing, and Preventive Maintenance
a. A complete mechanical check of all crane systems as installed should be made to
verify the method of installation and to prepare the crane for testing. During

and after installation the proper assembly of electrical and structural components
should be verified. The integrity of all control, operating, and safety systems
is to be verified as to satisfaction of installation and design requirements.

The crane designer and crane manufacturer should provide a manual of information
and procedures for use in checking, testing, and crane operation. The manual
should also describe a preventive maintenance program based on the approved test
results and information obtained during the testing; it should include such items
as servicing, repair, and replacement requirements, visual examinations, inspec-
tions, checking, measurements, problem diagnosis, nondestructive examination,
crane performance testing, and special instructions.

Information concerning proof testing on components and subsystems as required and
performed at the manufacturer's plant to verify component or subsystem ability to
perform should be available for the checking and testing performed at the place of
installation of the crane system.

b.  The crane system should be prepared for the static test of 125% of the design
rated load. The tests should include all positions of hoisting, Towering, 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 Timiting and safety control devices. The crane
handling system should demonstrate the ability to Tower and move the design rated
load by manual operation and with the use of emergency operating controls and
devices which have been included in the handling system.

The complete hoisting machinery should be allowed to two-block during the hoisting
test (load block 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 inertia of the rotating parts at the overtorque condition,
will be absorbed or controlled prior to two-blocking.

The complete hoisting machinery should be tested for ability to sustain a load
hangup condition by a test in which the load block attaching points are secured

to a fixed anchor or excessive load. The drum should be capable of one full
revolution before starting the hoisting test.

‘ 9.1.4-13
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c. The preventive maintenance program recommended by the designer and manufacturer
should also prescribe and establish the MWL for which the crane will be used. The
maximum working load should be plainly marked on each side of the crane for each

hoisting unit. It is recommended that critical load handling cranes shouid be
continuously maintained at 95% of DRL capacity for the MWL capacity.

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

2. "Table of Engineering, Manufacturing, and Operating Standards, Practices, and
References," attached to this position.
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TABLE OF
ENGINEERING, MANUFACTURING, AND OPERATING STANDARDS,
PRACTICES, AND REFERENCES

AISE Association of Iron and Steel Engineers (Std. No. 6)}. General items for overhead
cranes and specifically for drums, reeving systems, blocks, controls, and
electrical, mechanical, and structural components.

AISC American Institute of Steel Construction, "Manual of Steel Construction."
Runway and bridge design loadings for impact, and structural supports.

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

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

ANSI American National Standards Institute (A10, B3, B6, B15, B29, B30 and N45 series).
N series of ANSI standards for quality control. ANSI consensus standards for
design, manufacturing, and safety.

IEEE Institute of Electrical and Electronics Engineers. Electrical power and control
systems.
AWS - American Welding Society (D1.1.72 - 73/74 revisions). Fabrication requirements

and standards for crane structure and weldments.
EEI Edison Electrical Institute. Electrical systems.

SAE Society of Automotive Engineers, "Standards and Recommended Practices.”
Recommendations and practices for wire rope, shafting, lubrication, fasteners,
materials selection, and load stability.

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

NEMA National Electrical Manufacturers Association. Electrical motor, control, and
component selections.

WRTB Wire Rope Technical Board and their manufécturing members. Selection of rope
reeving system, and reeying'efficiencies.

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

WRC Welding Research Council, "Control of Steel Construction to avoid Brittle
Fracture," and Bulletin #168, "Lamellar Tearing."
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.1 STATION SERVICE WATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
‘Materials Engineering Branch (MTEB)
I.  AREAS OF REVIEW
The service water system (SWS) provides essential cooling to safety-related equipment and
may also provide cooling to non-safety-related auxiliary components that are used for normal
plant operation. The APCSB reviews the system from the service water pump intake to the
points of cooling water discharge. The ultimate heat sink (reviewed under Standard Review
Plan (9.2.5) 1is the intake source of water provided to the SWS for Tongterm cooling of
station features required for plant shutdown and also any special equipment required to
prevent or mitigate the consequences of postulated accidents and as such is an interface
system to the SWS. The SWS pump performance characteristics will be compared to the high
and low water levels of the ultimate heat sink to assure that pumping capability can be
provided for extended periods of operation following postulated events.

1. The APCSB reviews the characteristics of the SWS components (pumps, heat exchangers,
pipes, valves) with respect to their functional performance as affected by adverse
environmental occurrences, by abnormal operational requirements, and accident conditions
such as a loss-of-coolant accident (LOCA) and the loss of offsite power. Since the
SWS normally has requirements that relate to cooling functions during normal plant
operation as well as for safety functions, the review will include an evaluation of
the capability of the system to perform these multiple functions.

2. The APCSB reviews the system to determine that a malfunction, a failure of a component,
or the 1oss of a cooling source will not reduce the safety-related functional perform-
ance capabilities of the system. Specifically, the system is reviewed to verify that:

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of R lation staff ible for the review of applications to construct and
operate nuclear power plants. These d are made il to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and ~
compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuctear Power Plants. Not all sactions of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periadically. as appropriate. to accommodate commaeants and to reflect new information and experience.

C and i for imp will be iderad and should be sent to the U.S. Nucl R \ y Commissi Office of

Regulation, Washington, D.C. 20555.
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a. System components and piping have sufficient physical separation or shielding
to protect the essential portions of the system from missiles, pipe whip, and

jet impingement that may result from piping cracks or breaks.

b. Design code requirements, as applicable to the assigned quality group and seismic
category, are met.

c. Effects of failure of the non-seismic Category I equipment, structure, or components
on safety-related portions of the SWS system are taken into account in the design.
In addition, the review includes the consequences of postulated pipe breaks in high
and moderate energy fluid systems.

3.  The APCSB also reviews the design of the SWS with respect to:

a. Functional capability during abnormally high water levels; i.e., adequate flood
protection during the probable maximum flood.

b. The capability for detection, control, and isolation of system leakage including
the capability for detection and control of radicactive leakage into and out of
the system and prevention of accidental releases to the environment.

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

d. Provisions for system and component operational testing, including the instrumen-
tation and control features that determine and verify that the system is operating
in a correct mode (i.e., valve position, pressure and temperature indication).

4. The APCSB 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 review plan.

Secondary reviews are performed by other branches and the results used by the APCSB

to complete the overall evaluation of the system. The secondary reviews are as follows:

the RSB identifies essential components associated with the reactor coolant system and

the emergency core cooling systems that are required for operation during normal operations
and accident conditions. The RSB establishes accident cooling load functional require-
ments and minimum time intervals and determine that the seismic and quality group classifi-
cations for system components are acceptable. 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), probable maximum flood (PMF), and
tornado missiles. The MEB will review the seismic qualification of components and confirm
that components, piping, and structures are designed in accordance with applicable codes and
standards. The MTEB will verify that inservice inspection requirements are met for system
components and, upon request, will verify the compatibility of the materials of construction
with service conditions. The EICSB will evaluate the controls, instrumentation, ahd power
sources with respect to capabilities, capacity, and reliability for supplying power during
normal and emergency conditions to safety-related pumps, valves and other components.

9.2.1-2
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II.

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‘genera1 design criteria and regulatory guides. An additional basis
for determining the acceptability of the SWS will be the degree of similarity of the
design with that for previously reviewed plants with satisfactory operating experience.
Listed below are specific criteria as they relate to the SWS.

The design of the service water system is acceptable if the integrated system design is in
accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the system
itself being capable of withstanding the effects of natural phenomena, such as earth-
quakes, tornadoes, hurricanes, and floods.

2. General Design Criterion 4, with respect to structures housing the system and the sys-
tem 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 capabj]ity of shared systems and compo-
nents important to safety seem capable of performing required safety functions.

4. General Design Criterion 44, to assure:

a. The capability to transfer heat loads from safety-related structures, systems, -
and components to a heat sink under both normal operating and accident conditions.

b. Component redundancy so that under LOCA conditions the safety function can be
performed assuming a single active component failure coincident with the loss of
offsite power.

¢. Component redundancy so that the safety function can be performed assuming a
single active component failure coincident with the loss of offsite power.

d. The capability to isolate components, subsystems, or piping if required so that
the system safety function will not be compromised.

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

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

Structural integrity and system leak tightness.
Operability and adegquate performance of active system components.
c. Capability of the integrated system to perform required functions during normal,

shutdown, and accident situations. :

9.2.1-3

11/24/75



I11.

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 system

components.

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

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 review plan. For review of operating license (0L} 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 for OL applications include a determination that the content and intent
of the technical specifications prepared by the applicant are in agreement with the require-
ments for system testing, minimum performance, and surveillance developed as a result of

the staff's review.

As a result of the various SWS designs provided, there will be variations in system require-

ments. For the purpose of this review plan, a typical system is assumed which has fully ‘
redundant systems, with each of the systems having an identical essential (safety features)

portion and an identical non-essential portion {used for normal operation). For cases where

there are variations from the typical arrangement, the reviewer will adjust the review pro-

cedures given below. However, the system design will be required to meet the acceptance

criteria given in Section II of this review plan. Also, the reviewer will need to refer to

review plans for other systems that wqu]d interface with the SWS, depending upon the nature

and conditions of the ultimate heat san cooling water (e.g., salt water).
\

1. The SAR is reviewed to determine that the system description section and piping and
instrumentation diagrams (P&IDS)_§how the SWS equipment that is used for normal operation,
and the minimum system heat transfer and flow requirements for normal plant operation.

The system performance requirements section will also be reviewed to determine that it
describes component allowable operational degradation (e.g., pump leakage) and describes
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 appropriate,
comparisons with previously approved systems, or independent calculations, determines
that the system is capable of sustaining the loss of any active compbnent and meeting
minimum system requirements (cooling load and flow) for the failure conditions. The

9.2.1-4 “lll'
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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&IDs are reviewed to verify that they
clearly indicate the physical division between each portion and indicate the
required classification changes. System drawings are also reviewed to see that
they show the means for accomplishing isolation and the system description is
reviewed to identify minimum performance requirements for the isolation valves.
The drawings and descriptions are reviewed to verify that automatically operated
isolation valves separate non-essential portions ‘and components from the essential
portions.

b. Essential portions of the SWS, including the isolation valves separating essential
and non-essential portions, are classified Quality Group C or higher and seismic
Category I. Components and system descriptions in the SAR that identify mechan-
ical and performance characteristics are reviewed to verify that the above seismic
and safety classifications have been included, and that the P&IDs indicate any
points of change in piping quality group classification.

c. Design provisions have been made that permit appropriate inservice inspection and
functional testing of system components important to safety. It will be accept-
able if the SAR information delineates a testing and inspection program and if the
system drawings show the necessary test recirculation loops around pumps or isola-
tion valves that would be required by this program.

. 3. The reviewer determines that the safety function of the system will be maintained, as
required, in the event of adverse environmental phenomena such as earthquakes, tornadoes,
hurricanes, and floods, or in the event of certain pipe breaks or loss of offsite power.
The reviewer uses engineering judgment, the results of a failure mode and effects analy-
ses, and the results of reviews performed under other review plans to verify 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 SWS, will not preclude operation of the essential portions of the
SWS. Reference to SAR Chapter 2 describing site features and the general arrange-
ment and layout drawings will be necessary as well as the SAR tabulation of seismic
design classifications for structures and systems. Statements in the SAR that ver-
ify that the above conditions are met are acceptable. (CP)

b.  The essential portions of the SWS are protected from the effects of floods, hurri-
canes, tornadoes, and internally or externally generated missiles. Flood 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 utilize the pro-
cedures identified in these review plans to assure that the analyses presented are
valid. A statement to the effect that the system is located in a seismic Category I
structure that is tornado missile and flood protected, or that components of the

‘ system will be located in individual cubicles or rooms that will withstand the
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effects of both flooding and missiles is acceptable. The location and the design
of the system, structures, and pump rooms {cubicles) are reviewed to determine
that the degree of protection provided is adequate.

c. The SWS pumps will have sufficient available net positive suction head (NPSH) at
the pump suction locations, considering low water levels. Reference to SAR
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 nec-
essary. An independent calculation verifying the applicant's conclusion will be
necessary for acceptance.

d. Provisions are made in the system to detect and control leakage of radioactive
contamination into and out of the system. It will be acceptable if the system
P&1Ds show radiation monitors located on the system discharge and at components
susceptible to leakage, and components can be isolated by one automatic and one
manual valve in series.

e. The essential portions of the system are protected from the effects of high and
moderate energy line breaks. Layout drawings are reviewed to assure that no high
or moderate energy piping systems are close to essential portions of the SWS, or
that protection from the effects of failure will be provided. The means of pro-
viding such protection will be given in Section 3.6 of the SAR and the procedures
for reviewing this information are given in the corresponding review plans.

f. Essential components and subsystems necessary for safe shutdown can function as
required in the event of loss of offsite power. The system design will be accept-
able if the SWS meets minimum system requirements as stated in the SAR assuming
a concurrent failure of a single active component, including a single failure of
an auxiliary electric power source. The SAR is reviewed to determine that for each
SWS component or subsystem affected by the loss of offsite power, system flow and
heat transfer capability meet or exceed minimum requirements. The results of fail-
ure modes and effects analyses are considered in assuring that the system meets
these requirements. This will be an acceptable verification of system functional
reliability.

3. The descriptive information, 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 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 contains verification that minimum system flow
and heat transfer requirements are met for each accident situation for the required time
spans. For each case the design will be acceptable if minimum system requirements
are met.

IV.  EVALUATION FINDINGS ,
The reviewer determines that sufficient information has been provided and his review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

9.2.1-6
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"The service water system (SWS) includes all components and piping from the SWS pump
intake to the points of cooling water discharge. The scope of review of the service

water system for the plant includes layout drawings, process flow
diagrams, piping and instrumentation diagrams, and descriptive information for the SWS
and auxiliary supporting systems that are essential to its operation. [The review has
determined the adequacy of the applicant's proposed design criteria and design bases
for the service water system regarding the requirements for continuous cooling during
all conditions of plant operation. (CP)] [The review has determined that the appli-
cant's analysis of the design of the service water system and auxiliary supporting
systems is in conformance with the design criteria and bases. (OL)]

“The basis for acceptance in the staff review has been conformance of the applicant's
designs and design criteria for the service water system and necessary auxiliary sup-
porting 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 service water system conforms to all appli-
cable regulations, guides, staff positions, and industry standards, and is acceptable."

REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, "Design Bases for Protection
against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Environmental and Missile
Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, "Sharing of Structures,
Systems, and Components."

4, 10 CFR Part 50, Appendix A, General Design Criterion 44, "Cooling Water."

5. 10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection of Cooling Water
System." ‘

6. 10 CFR Part 50, Appendix A, General Design Criterion 46, "Testing of Cooling Water
Systems."

7. Regulatory Guide 1.26, "Quality Group Classification and Standards For Water-, Steam-,
and Radioactive Waste-Containing Components of Nuclear Power Plants."

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

9. Branch Technical Position APCSB 3-1, "Protection Against Postulated Piping Failures
in Fluid Systems Outside Containment," attached to Standard Review Plan 3.6.1.
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‘,}R REGUl NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.2 REACTOR AUXILIARY COOLING WATER SYSTEMS
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
Mechanical Engineering Branch (MEB) i
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
I. AREA OF REVIEW
The APCSB reviews reactor auxiliary cooling systems that are required for safe shutdown
during normal, operational transient, and accident conditions, and for mitigating the

consequences of an accident, or preventing the occurrence of an accident. These include

closed Toop 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 p1p1ng, and points of connection or interfaces with other systems. Empha-

sis is placed on the cooling systems for safety-related components such as ECCS equipment,
ventilation equipment, and reactor shutdown equipment. '

1. The APCSB reviews the capability of the auxiliary cooling systems to provide adequate

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

planned operating conditions. The review includes the following points:

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

b. Multiple performance functions (if required) assigned to the system and the
necessity of each function for emergency core cooling and safe shutdown.

c. The capability of the system to cope with Tiquid eXpansion or provide hecessary
makeup as required.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Otfice of Nuc! ion statf for the review of applications to construct and
oparate nuclear power plants. These d are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of Y p dures and policies. Standard raview plans are not substitutes tor regulatory guides or the Commission's regulations and

compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised pariodically, as appropriate, to d and to reflect new information and experience.

C and i for impr will be idered and should be sent to the U.S. N g vy C ion, Office of N
Regulation, Washington, D.C. 20555.
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d. The requirements for adequate net positive suction head (NPSH) for the auxiliary

cooling pumps. . .

e. The sizing of the system for core cooling and decay heat loads and the associated

design margin.
2. The APCSB review verifies that system components and piping have sufficient physical
separation or shielding to protect essential portions of the system from missiles
and pipe whip or from jet impingement that may result from piping cracks or breaks.

3. Other system aspects that are reviewed are:

a. The use of design and fabrication codes consistent with the assigned quality group
classification and seismic category.

b. The effects of non-seismic Category I component failures on the seismic Category I
portion of the system.

c. The provisions for detection, collection, and control of system Teakage 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 Tong-term corrosion and organic fouling.

e. The requirements for operational testing and inservice inspection of the system. .

f. Instrumentation and control features necessary to accomplish désign functions,
including isolation of components to deal with leakage or 'malfunctions, and
actuation requirements for redundant equipment.

T 4. The applicant's proposed technical specifications will be reviewed for operating license
applications as they relate to areas covered in this- review plan.

The review of the cooling water systems will involve secondary reviews performed by other
branches. The results are used by the APCSB to complete overall evaluation of the system.
The secondary reviews are as follows: the RSB will identify engineered safety feature
components associated with the reactor coolant system and the emergency core cooling systems
that are required for operation during normal operations and accident conditions. RSB will
establish cooling load functional requirements and minimum time intervals and assure that
the seismic and quality group classifications for system components are acceptable. The SEB
will determine the acceptability of the design analyses, procedures, and criteria used to
establish the ability of Category I structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earthquake (SSE), the
probable maximum flood (PMF), and tornado missiles. The MEB will review the seismic quali-
fication of components and confirm that the system is designed in aécordance with applicable
codes and standards. The MTEB will verify that inservice inspection requirements are met .

9.2.2-2
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for system components and, upon request, will verify the compatibility of the materials of
construction with service conditions. The EICSB will determine the adequacy of the design,
installation, inspection, and testing of all essential electrical components required for
proper operation.

ACCEPTANCE CRITERIA

Acceptability of the designs of cooling water systems as described in the applicant's safety
analysis report (SAR), including related sections of Chapters 2 and 3 of the SAR, is based
on specific general design criteria and regulatory guides, and on independent calculations

and staff judgments with respect to system functions and component selection. Listed below
are specific criteria as they relate to the cooling water systems.

The design of a cooling water system is acceptable if the integrated system design is in
accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the system
itself being capable of withstanding the effects of natural phenomena such as earth-
quakes, tornadoes, hurricanes, and fioods.

2. General Design Criterion 4, with respect to structures housing»thgrgygtéh 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 Crifarion 5, as related to shared systems and components important to
safety being capable of performing required safety functions.

4. . General Design Criterion 44, to include:

a. The capability to transfer heat loads from safety-related structures, systems, and
components to a heat sink under both normal operating and accident conditions.

b. Component redundancy so that safety functions can be performed assuming a single
active component failure coincident with the loss of offsite power.

¢. 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 ‘testiing ‘of :safety-related systems or ‘components to assure:

a. 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 required functions during normal, ‘
shutdown, and accident situations.

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

8. Regulatory Guide 1.29, as related to the seismic design classification of system
components. '

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

An additional basis for determining the acceptability of a cooling water system will be the
degree of similarity of the design with that of previously reviewed plants with satisfactory
operating experience.

REVIEW PROCEDURES
The procedures set forth below are used during the construction permit (CP) application review

to determine thafnfhé‘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 Ticeénse (OL) applications, the review procedures and

acceptance criteria will be utilized to verify that the initial design criteria and bases

have been appropriately impliemented in the final design as set forth in the final safety ‘
analysis report. s .

~

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
accident mitigation functions. The safety functions to be performed by these systems in all
designs are essentially the same, however, 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
procedures to take account of a proposed 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
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The information provided in the SAR pertaining to the design bases and design criteria,
and the system description section are reviewed to verify that the equipment used and
the minimum system heat transfer and flow requirements for normal plant operations are
identified. A review of the system piping and instrumentation diagrams (P&IDS) will
show which components of the system are utilized to:

a. Remove heat from the reactor primary coolant system equipment necessary to
achieve a safe reactor shutdown.

b. Provide essential cooling for containment components or systems such as the sprays,
ventilation coolers, or sump equipment.

C. Provide cooling for decay heat removal equipment.

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

The system performance requirements section is reviewed to determine that it limits
allowable component operational degradation (e.g., pump Teakage) 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 sustaining the loss of any active component and, on the basis
of previously approved systems or independent calculations, that the minimum system re-
quirements (cooling load and flow) are met for these failure conditions. The system
P&IDs Tayout drawings, and component descriptions and characteristics are then reviewed
for the following points:

a. Essential portions of the CWS are correctly identified and are isolable from the
non-essential portions of the system. TheP&IDs are reviewed to verify that they
clearly indicate the physical division between each portion and indicate required
classification changes. System drawings are reviewed to see that they show the
means for accomplishing isolation and the SAR description is reviewed to identify
minimum performance of the isolation valves. The drawings and description are
reviewed to verify that automatically operated isolation valves separate non-
essential portions and components from the essential portions.

b. Essential portions of the CWS, including the isolation valves separating seismic
Category I portions from the non-seismic portions, are Quality Group C or higher
and seismic Category I. System design bases and criteria, and the component
classification tables are reviewed to verify that the heat exchangers, pumps,
valves and piping of essential portions of the system will be designed to seismic
Category I requirements in accordance with the applicable criteria.

9.2.2-5
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The system is designed to cope with 1iquid expansion or to provide water makeup

as necessary. Where the cooling water systems are closed loop systems, surge tanks
are generally provided to accommodate Tiquid volume changes due to changes in .

temperature or Teakage and to receive system makeup water as required. The surge
tank and connecting piping are reviewed to assure that makeup water can be sup-
plied to either header in a split header system. Redundant surge tanks {one to
each header) or a divided surge tank design are acceptable to assure that in the
event of a header rupture the loss of the entire contents of the surge tank will
not result.

Net positive suction head (NPSH) requirements for the cooling water pumps are met
during normal operations and accident conditions, including conditions of extreme
low water levels. The review of the system design information and the system and
station drawings locating the cooling water system in the facility identifies the
components and water levels necessary to provide NPSH for the cooling water pump.
Independent analyses and engineering judgment are used in conjunction with pump
performance curves to assure that the design and the location of the pump and com-
ponents are such as to maintain appropriate NPSH requirements.

The system is designed for removal of‘heat loads during normal operation and of

emergency core cooling heat loads during accident conditions, with appropriate

design margins to assure adequate operation. A comparative analysis is made of

the system flow rates, heat levels, maximum temperature, and heat removal cap-

abilities with similar designs previously found acceptable. To verify performance
characteristics of the system, an independent analysis may be made. ‘

Design provisions are made that permit appropriate inservice inspection and func-
tional testing of system components important to safety. It will be acceptable
if the SAR information delineates a testing and inspection program and if the
system drawings show the necessary test recirculation loops around pumps or iso-
lation valves that would be required by this program.

Essential portions of the system are protected from the effects of high energy
and moderate energy line breaks. The system description and Tayout drawings will
be reviewed to assure that no high or moderate energy piping systems are close to
essential portions of the CWS or that protection from the effects of failure will
be provided. The means of providing such protection will be given in Section 3.6
of the SAR, and the procedures for reviewing this information are given in the
corresponding review plans.

Essential components and subsystems (i.e., those necessary for safe shutdown) can
function as required in the event of a loss of offsite power. The system design
will be acceptable in this regard if the essential portions of the CWS meet mini-
mum system requirements as stated in the SAR assuming a concurrent failure of a
single active component, including a single failure of any auxiliary electric
power source. The SAR is reviewed to determine that for each CWS component or
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subsystem affected by the loss of offsite power, system flow and heat transfer
capability exceed minimum requirements. The results of failure modes and effects
analyses are considered in assuring that the system meets these requirements.
This will be an acceptable verification of system functional reliability.

The system design information and drawings are analyzed to assure that the following
features will be incorporated.

a. A leakage detection system is provided to detect component or system leakage. An
adequate means for implementing this criterion is to provide sumps or drains with
adequate capacity and appropriate alarms in the immediate area of the system.

b. Components and headers of the system are designed to provide individual isolation
capabiiities 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
monitors and conductivity monitors should be located in the system component dis-
charge lines to detect leakage. An alternate means is to prevent leakage from
occurring by operating the system at higher pressure to assure that leakage is
in the preferred direction.

fhe 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 Tayout 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

9.2.2-7
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protection and missile protection criteria are discussed and evaluated in detail
under the standard review plans for Chapter 3 of the SAR. The reviewer will uti-
lize the procedures identified in these review plans to assure that the analyses

presented are valid. A statement to the effect that the system is located in a
seismic Category I structure that is tornado missile and flood protected, or that
components of the system will be located in individual cubicles or rooms that will
withstand the effects of both flooding and missiles is acceptable. The location
and design of the system, structures, and pump rooms (cubicles) are reviewed to
determine that the degree of protection provided is adequate.

5. The descriptive information, P&IDS CWS drawings, and failure modes and effects analy-
sis in the SAR are reviewed to assure that .essential portions of the system will func-
tion following design basis accidents assuming a concurrent single active component
failure. The reviewer evaluates the failure mode and effects analysis presented in
the SAR to assure function of required components, traces the availability of these
components on system drawings, and checks that the SAR information contains verifica-
tion that minimum system flow and heat transfer requirements are met for each acci-
dent situation for the required time spans. For each case the design will be accept-
able if minimum system requirements are met.

IV.  EVALUATION FINDINGS
The reviewer verifies that sufficient information has been provided and his review supports.

conclusions of the following type, to be included in the staff's safety evaluation report:

"The reactor auxiliary cooling water systems include pumps, heat exchangers, valves

and piping, expansion tanks, makeup piping, and the points of connection or inter-
faces with other systems. The scope of review of the cooling water systems for the

plant included layout drawings, process flow diagrams, piping and instru-
mentation diagrams, and descriptive information for the cooling water systems and the
auxiliary supporting systems that are essential to operation of the cooling water
systems. [The review has included the applicant's proposed design criteria and design
bases for the cooling water systems, the adequacy of those criteria and bases, and the
requirements for continuous cooling (if necessary) during all conditions of plant oper-
ation. {CP)] [The review has included the applicant's ana]ysis 6f’thé manner in which
the design of the cooling water systems and auxiliary supporting systems demonstrates
conformance to the design criteria and bases. (0OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's
designs and design criteria for the cooling water systems and necessary auxiliary
supporting systems to the Commission's regulations as ser‘fOﬁth in the general design
criteria, and to applicable regulatory guides, staff teéhnicallpositions, and industry
standards.

"The staff concludes that the design of the cooling water systemschh¥orms to all
applicable regulations, guides, staff positions, and industry standards, and is
acceptable."”
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Against Natural Phenomena." '
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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 and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Materials Engineering Branch (MTEB)
Effluent Treatment Systems Branch (ETSB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
I. AREAS OF REVIEW
The APCSB 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 other plant demineralized water requirements is reviewed.

1. The APCSB review of the DWMS system includes the following considerations:

a. Capability of the system to effectively store, handle, and dispense all chemicals
utilized in the demineralizing and regeneration process.

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

c. Provisions for the regeneration wastes to be directed to a suitab]e'point in the
radwaste system or other specified areas for subsequent processing brior to dis-
charge to the environment and instrumentation and isolation capabilities provided,
including the ability to detect corrosive solutions and the valving necessary to
isolate the system. .

2. The APCSB reviews the system function to determine whether portions of the system
are safety-related. ' '

3. The DWMS is also reviewed to assure that a malfunction or failure of a component will
not have an adverse effect on any safety-related system or components. T

4. The applicant's proposed technical specifications are reviewed at the operating ]
Ticense (OL) stage, as they relate to areas covered in this review plan. —

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

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of Nucl R ion staff ible for the review of applications to construct and
operate huclear power plants. These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of r Y P es and lici Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan i are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

C and sug for impr will be idered and should be sent to the U.S. Nucl Regul. y C ission, Office of Nucl

Regulation, Washington, D.C. 20555.
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The SEB determines the acceptability of the design analyses, procedures, and criteria
used to establish the ability of seismic Category I structures housing the system and :
supporting systems to withstand the effects of natural phenomena such as the safe shutdown

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

the seismic qualification of components and confirms that the components, piping, and
structures are designed in accordance with applicable codes and standards. The RSB determines
that the assigned seismic and quality group classifications for system components are accept-
able. The MTEB verifies that inservice inspection requirements are met for system components
and, upon request, verifies the compatibility of the materials of construction with service
conditions. The EICSB determines the adequacy of the design, installation, inspection, and
testing of all essential electrical components (sensing, control, and power) required for
proper operation. The ETSB verifies that the limits for radiocactivity concentrations are met.

ACCEPTANCE CRITERIA

Acceptability of the design of the DWMS, as described in the applicant's safety analysis
report (SAR) is based on the degree of similarity of the design with that of previously
reviewed plants with satisfactory operating experience. There are no general design criteria
or regulatory guides that apply directly to the safety-related functional performance require-
ments for the DWMS. The APCSB 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 eva]uéte the system design

for those cases when a fai]uré or malfunction of the DWMS could adversely effect essential

systems or components (i.e., those necessary for safe shutdown or accident prevention or N
mitigation). These are as follows: .

1. General Design Criterion 2, as related to the safety-related portions of the system
being capable of withstanding the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, or floods as established in Chapters 2 and 3 of the SAR.

2. General Design Criterion 4, with respect to the system being capable of withstanding
the effects of internally generated missiles.

3. General Design Criterion 5, in regards to the effect of sharing in multiple unit
facilities.

4, Regulatory Guide 1.29, Position C-1, if any portion of the system is deemed to be
safety-related, and Position C-2 for non-safety-related functions.

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

6. Branch Technical Position APCSB 3-1, as it relates to high and moderate energy breaks or
cracks in piping systems outside containment.

9.2.3-2
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III.

Iv.

REVIEW PROCEDURES
The procedures set forth below are used during the construction permit (CP) application re-

view 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 review plan. For the review of operating license applications, the review procedures
and acceptance criteria are utilized to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the final safety
analysis report.

The procedures for OL reviews include a determination that the content and intent of the
technical specifications prepared by the applicant are in agreement with the requirements

for system testing, minimum performance, and surveillance developed as a result of the staff's
review.

The reviewer selects and emphasizes material from this review plan, as may be appropriate

for a particular case. A determination will be made as to whether the DWMS or portions there-
of are safety-related. In confirming this design aspect, an analysis is made in which

it is assumed that any DWMS pipe fails or component malfunctions or fails in such a manner

as to cause maximum damage to other equipment Tocated nearby. The system will be considered
non-safety-related if its failure does not affect the ability of the reactor facility to
achieve and maintain safe shutdown conditions.

1. The APCSB evaluates the system design information and drawings and, utilizing engi-
neering judgment, operational experience, and performance characteristics of similar,
previously approved systems, verifies that:

a. The system is capable of fulfilling the requirements of the facility for makeup
water on a day-to-day basis.

b.  The component redundancy necessary for the system to perform its design function
is provided.

¢. Precautions are taken or incorporated into the system design to properly store,
handle, and dispense corrosive and toxic chemicals effectively and safely so that
a hazardous condition does not result from mishandling or leakage.

d. The components utilized are compatible with the associated chemicals.
The potential for leakage and accidental spills has been minimized.
In the event of a leak or spill, there would not be an adverse effect on safety-
related systems or components.

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

h. Piping has been provided as necessary to direct solutions and regenerative
wastes to the radwaste system or other specified areas for processing and disposal.

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:

9.2.3-3
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"The demineralized water makeup system includes all components and piping associated

with the system from the service or numicipal water source to the points of discharge
to other systems or to a discharge canal. The scope of review of the demineralized
water makeup system for the plant included layout drawings,

process flow diagrams, piping and instrumentation diagrams, and descriptive information
for the system and for the auxiliary supporting systems that are essential to its
operation. [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
applicant's analysis of the designs of the demineralized water makeup system and
auxiliary supporting systems is in conformance with the design criteria and bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's
designs and design criteria for the demineralized water makeup system and necessary
auxiliary supporting systems to the commission's regulations as set forth in the general
design criteria, and to applicable regulatory guides, staff technical positions, and
industry standards and is acceptable."”

REFERENCES

1.

11/24/75

General Design Criterion 2, "Design Bases for Protection Against Natural Phenomena."

General Design Criterion 4, "Environmental and Missile Design Bases."

General Design Criterion 5, "Sharing of Structures, Systems, and Components." .
Regulatory Guide 1.29, "Seismic Design Classification," Revision.1.

Regulatory Guide 1.56, Appendix, "Maintenance of Water Purity in Boiling Water Reactors."

Branch Technical Position APCSB 3-1, "Protection Against Postulated Piping Failures in
Fluid Systems Qutside Containment, attached to Standard Review Plan 3.6.1.
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.4 POTABLE AND SANITARY WATER SYSTEMS

REVIEW RESPONSIBILITIES

Pri

mary - Effluent Treatment Systems Branch (ETSB)

Secondary - None

I.

II.

III.

Iv.

AREAS -OF REVIEW

At the construction permit (CP) stage of review, ETSB reviews the information in the
applicant's safety analysis report (SAR) in the specific areas that follow. At the operating
Ticense (OL) stage, ETSB 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&IDs) are reviewed at the OL stage.

2. System design criteria to prevent connection to systems having the potential for con-
taining radioactive material are reviewed.

ACCEPTANCE CRITERIA
ETSB accepts the PSWS design if there are no interconnections between the PSWS and systems
having the potential for containing radioactive material.

REVIEW PROCEDURES
The reviewer selects and emphasizes material from this review plan, as may be appropriate for
a particular case.

In the review of the PSWS, ETSB considers the -design criteria to prevent cross connections,
as described in the SAR. The P&ID's are reviewed at the OL stage to verify the absence of
interconnections with systems having the potential for containing radioactive materials.

EVALUATION FINDINGS
ETSB determines that sufficient information has been provided and that the review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office of R ion ataff r ible for the review of applications to construct and
operate nuclear power plants. These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan { are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate. to accommodate comments and to reflact new information and experience.

[ and suggesti for impi s will be id and should be sent to the U.S. Nucl Regul y C ission, Office of N
Regulation, Washington, D.C. 20555.
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"The potable and sanitary water systems (PSWS) include all components and p{ping

from the supply connection to the municipal or other water source to all points

of discharge to sewage facilities or other plant systems. The scope of review .
of the PSWS included piping and instrumentation diagrams and descriptive infor-

mation for the PSWS. The applicant's proposed design criteria bases for the

PSWS have been reviewed.

"The basis for acceptance in our review has been conformance of the applicant's designs,
design criteria, and design bases for the potable and sanitary water systems to industry
standards. Based on the foregoing evaluation, we conclude that the proposed potable and
sanitary water systems are acceptable ®

V. REFERENCES
None
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.5 ULTIMATE HEAT SINK
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Mechanical Engineering Branch (MEB)
Structural Engineering Branch (SEB)
Materials Engineering Branch (MTEB)
Site Analysis Branch (SAB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
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 APCSB 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 reservoir,
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 temperatures

for normal or accident condition shutdown 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
Standard Review Plan (SRP) 9.2.1.

1. The ultimate heat sink is reviewed with respect to the following considerations:
a. The type of cooling water supply.
b. The ability to dissipate the total essential station heat load.
¢c. The effect of environmental conditions on the capability of the UHS to furnish
the required quantities of cooling water, at appropriate temperatures and with

any required chemical and purification treatment, for extended times after shutdown.

d. The effect of earthquakes, tornadoes, missiles, and hurricane winds on the avail-
ability of the source water.

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Oftice of Nuc! ion staff il {or the raview of applications to construct and
oparate nuclear power plants. These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Powsr Plants. Not all sections of the Standard Format have a corresponding review plan,

Published standard review plans will be revised periodically. as appropriate, to accommodate comments and to reflect new information and experience.

C and gesti for imp will be idered and should be sent to the U.S. g vy C ission, Office of N R
Regulation, Washington, D.C. 20555.
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e. Sharing of cooling water sources in multi-unit stations.

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

2. APCSB reviews the station heat input provided in the SAR for the design of the UHS with
respect to reactor system heat, sensible heat, and pump work, and station auxiliary
system individual and total heat loads.

3. The proposed technical specifications are reviewed for operating lTicense applications
as they relate to areas covered in this review plan.

Secondary reviews will be performed by other branches and the results used by the APCSB

to complete overall evaluation of the UHS. The secondary reviews are as follows. The

RSB assures that.seismic and quality group classifications established for the system
components are acceptable. The RSB also confirms heat Toads from the reactor coolant

and emergency core cooling systems. The SEB determines the acceptability of the design
analyses, procedures, and criteria used to establish the ability of seismic Category I
structures housing the system and supporting systems to withstand the effects of natural
phenomena such as the safe shutdown earthquake (SSE), the probable maximum flood {PMF),

and tornado missiles. The MEB reviews the seismic qualification of components and confirms
that the system is designed in accordance with applicable codes and standards. The MTEB
verifies that inservice inspection requirements are met for system components and, upon
request, verifies the compatibility of the materials of construction with service conditions.
The EICSB determines the adequacy of the design, installation, inspection, and testing of
electrical components and .instrumentation required for UHS operation. The SAB verifies the

ultimate heat sink water levels, meteorological and natural phenomena criteria and transient
analysis of the cooling water inventory.

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

safety analysis report (SAR), including related sections of Chapters 2 and 3 of the SAR,

is based on specific general design criteria and regulatory guides and on independent
calculations and staff judgments with respect to system adequacy. An additional basis for
acceptability is the degree of similarity of the UHS design with that for previously reviewed
plants. with satisfactory operating experience.

The design of the ultimate heat sink is acceptable if the system and the associated complex
of water sources, including retaining structures and canals or conduits connecting the
sources with the station, are in accordance with the following criteria:

1.  General Design Criterion 2, as 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.

9.2.5-2
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10.

General DeSign Criterion 4, relative to structures housing the systems and the system
itself being capable of withstanding the effects of external missiles and internally
generated missiles, pipe whip, and jet impingement forces associated with high and
moderate energy pipe breaks.

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

General Design Criterion 44, as related to:

a. The capability to transfer heat loads from safety-related structures, systems, and
components to the heat sink under both normal operating and accident conditions.

b. Suitable component redundancy so that safety functions can be performed assuming
a single active component failure coincident with loss of offsite power.

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

General Design Criterion No. 45, as related to the design provisions to permit inservice
inspection of safety-related components and equipment.

General Design Criterion No. 46, as related to the design provisions to permit oper-
ation functional testing of safety-related systems or components.

Regulatory Guide No. 1.26, as related to quality group classification of system
components.

Regulatory Guide No. 1.27, as related to the design and functional requirements of the
ultimate heat sink.

Regulatory Guide No. 1.29, as related to the seismic design classification of system
components.

Branch Technical Position APCSB 9-2, as related to the methods for calculating heat
release due to fission product and heavy element decay.

REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to determine that

the design criteria and bases and the preliminary design as set forth in the preliminary

safety analysis report meet the acceptance criteria given in Section II 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.

9.2.5-3
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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, mi’m‘mum performance, and surveillance developed as a result .
of the staff's review.

Availability of an adequate supply of water for the ultimate heat sink is a basic requirement
for any nuclear power plant. There are various methods of satisfying the requirement, e.g.,
a large body of water such as an ocean, lake, or natural or man-made reservoir, a river, or
cooling ponds or towers, or combinations thereof. The design of the ultimate heat sink tends
to be unique for each nuclear plant, depending upon its particular geographical location.

For the purpose of this plan, typical procedures are established for use in identifying the
essential features of an ultimate heat sink. For installations where these general proce-
dures are not completely adequate, the reviewer supplements them as necessary.

1. The SAR is reviewed for the overall arrangement and type of ultimate heat sink proposed.
The reviewer verifies that the UHS is designed so that system function is maintained
as required when subjected to adverse environmental phenomenon or a loss of offsite power.
The reviewer evaluates the system to determine that:

a. The heat inputs that are used in the design of the UHS are conservative. The
reviewer makes an independent evaluation of the applicant's calculated heat loads.
The UHS heat loads include heat due to decay of radioactive material, sensible heat,
pump work, and the heat 1oad from the operation of the station auxiliary systems

serving and dependent upon the UHS. '
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.
2. 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 Toad,
including LOCA under the worst combination of adverse environmental conditions and
has provisions for cooling the qnit {or units, including LOCA for one unit for a
multi-unit station with one heat sink) for a minimum of 30 days without makeup
unless acceptable makeup capabilities can be demonstrated. This capability is
verified by independent check calculations.

c. The connecting channels, structures, man-made embankments and dams, and conduits
to and from the UHS are capable of Withstanding design basis natural phenomena
in combination with other site-related events and that a single failure resulting
from such phenomena or events cannot prevent adequate cooling water flow or
adversely effect the temperature of the water from the sink.

9.2.5-4 "lll'
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Plants utilizing cooling towers as the ultimate heat sink are reviewed as described
above and in addition the reviewer determines that:

a. The tower structure and basin design bases in the SAR include requirements for
withstanding design basis natural phenomena or combinations of such phenomena at
historically observed intensities. The natural phenomena to be considered include
tornadoes, tornado missiles, hurricane winds, and the SSE.

b. The results of failure modes and effects analyses show that the mechanical systems
(fans, pumps, and controls) can withstand a single active failure in any of these
systems, including failure of any auxiliary electric power source, and not prevent
delivery of water in the quantities and at temperatures required for safe shutdown.

c. Adequate net positive suction head (NPSH) can be provided to all essential pumps
considering variations of water level in the basis. This is verified by perform-
ing independent calculations.

d. The towers can provide the design cooling water temperature under the worst com-
bination of adverse environmental conditions, and that the supply of water in the
basins can provide a 30-day capability for long-term cooling at the required
temperature without makeup unless acceptable makeup capabilities can be demon-
strated. This is verified by independent calculations.

Reactor sites that utilize large natural or man-made water sources which for all prac-
tical purposes have an infinite supply of water are reviewed as described in items 1
and 2, above, and in addition the reviewer determines:

a. By evaluation of the SAR information or independent calculations, that the water
source is adequate taking into account the effects of design basis natural phe-
nomena 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 recircu-
lation or water temperature stratification.

c. That man-made earth dam, dike, or other structure design bases in the SAR include
requirements for withstanding the design basis natural phenomena or combinations
of such phenomena at historically observed intensities. In the event of failure
of a dam, dike, or other structure not designed to withstand the design basis
natural phenomena (particularly the SSE), sufficient water must remain in the
source pool to assure a cooling water supply for a minimum of 30 days, with ade-
quate cooling capability so that the required cooling water temperature to the
service water system inlet is not exceeded.

9.2.5-5
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The reviewer verifies that essential portions of the UHS are classified seismic
Category I Quality Group C, or higher and are tornado missile protected.

IV.  EVALUATION FINDINGS

The reviewer verifies that sufficient information hés been provfded and his review supports

conclusions of the following type, to be included in the staff's safety evaluation report:

"The ultimate heat sink review included the size, type of cooling supply [i.e., large
body of water, ocean, lake, natural or man-made reservoir, river, pond, or cooling
tower], and makeup sources to the ultimate heat sink. The review for the

plant included layout drawings, piping and instrumentation diagrams, process flow dia-
grams [if any], and descriptive information on the supporting systems that are essential
to safe operation. [The review has determined the adequacy of the applicant's proposed
design criteria and design bases for the ultimate heat sink and the requirements for
delivering cooling water during normal, abnormal, and accident conditions. {CP)]

[The review has determined that the design of the ultimate heat sink and supporting
syétems is in conformance with the proposed design criteria and design bases. (OL)]

"The basis for acceptance in the staff review has been conformance of the applicant's
designs, design criteria, and design bases for the ultimate heat sink and 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 ultimate heat sink conforms to all appli-
cable regulations, guides, staff positions, and industry standards, and is acceptable."

V.  REFERENCES

1.

11/24/75

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 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, General Design Criterion 45, "Inspection 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."
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8. Regulatory Guide 1.27, "Ultimate Heat Sink for Nuclear Power Plants," Revision 1.

‘ 9. Regulatory Guide 1.29, "Seismic Design Classification," Revision 1.
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BRANCH TECHNICAL POSITION APCSB 9-2
RESIDUAL DECAY ENERGY FOR LIGHT WATER
REACTORS FOR LONG-TERM COOLING

A.  BACKGROUND
The Auxiliary and Power Conversion Systems Branch has developed acceptable assumptions and
formulations that may be used to calculate the residual decay energy release rate for light
water cooled reactors for Tong-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) fission products from thermal neutron fission of U-235 have been

3 to 107 seconds. Over this decay time, even

considered reliable for decay times of 10
with the exclusion of short-lived fission products, the decay heat rate can be predicted

to within 10 percent of experimental data (Refs. 3, 7, and 8).

The short-Tived fission products contribute appreciably to the decay energy for decay
times less than 103 seconds. Although consistent experimental data are not as numerous
(Refs. 4 and 5) and the results of various calculations differ, the effect of all uncer-
tainties can be treated in the zero to 103 second time range by a suitably conservative
multiplying factor. '

B.  BRANCH TECHNICAL POSITION
1. Fission Product Decay

For finite reactor operating time (to) the fraction of operating power, ;b (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
Po (= tg) = mni1 Asexp(-a t.) (1)

gb (to’ ts) = (1+K) gb (=, ts) - gb (s to * ts) (2)
where:
P
Po = fraction of operating power
to = cumulative reactor operating time, seconds
ty = time after shutdown, seconds
. K= uncertainty factor; 0.2 for o <t 5,103 and 0.1 for 10° <t 10’
An, a, = fit coefficients having the following values:
9.2.5-8
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A a (sec'])

n “n n

1 0.5980 ‘ 1.772 x 10°
2 1.6500 5.774 x 107
3 3.1000 6.743 x 1072
4 3.8700 6.214 x 1073
5 2.3300 4.739 x 1074
6 1.2900 4.810 x 107°
7 0.4620 5.344 x 1070
8 0.3280 5.716 x 1077
9 0.1700 1.036 x 107/
10 0.0865 2.959 x 1078
1 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 Tess than 107 seconds.

Heavy Element Decay Heat

The decay heat generation due to the heavy elements U-239 and NP-239 may be calculated
according to the following expressions {Ref. 6):

- -3 . 925 - -4 -4
P (U-239) = 2.28 x 10°° C 5——-[] - exp(-4.91 x 10 to)] [exp(-4.91 x 10 ts)] (3)
Po 25

[e]
P(N5239) . 5 17 x 1073 ¢ 28 0.007 [1 - exp(-4.91 x 107 ¢ )]
Po £25
- [exp(-3.41 x 107 £) - exp(-4.91 x 107 t,)]
+ [1 - exp(-3.41 x 1076 t,)] [exp(-3.41 x 1076 ts)l} (4)
9.2.5-9
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where:

E_j%é@§2)_ = fraction of operating power dge to U-239
.fljgglzigl = fraction of operating power due to NP-239

t0 = cumulative reactor operating time, seconds

to = 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

9f25 = effective neutron fission cross section of U-235

11/24/75

925
£25

The product of the terms C - 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 e]emgnt decay heat can be calculated

with a conservatively estimated product term of C - —g§-without applying any other

Of25
uncertainty correction factor.

Figures 1, 2, and 3 give the residual decay heat release in terms of fractions of

full reactor operating power based on a reasonably realistic reactor operating time of

16,000 hours. : .
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

. OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.2.6 CONDENSATE STORAGE FACILITIES
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Reactor Systems Branch (RSB)
Effluent Treatment Systems Branch (ETSB)
Materials Engineering Branch (MTEB) .
Electrical, Instrumentation and Control Systems Branch (EICSB)
. Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Radiological Assessment Branch (RAB)
I.  AREAS OF REVIEW ,
The condensate storage facility {CSF) is provided to serve as a receiver for excess water
generated by other systems such as the main condenser hotwell, the 1iquid radwaste low
activity reprocessed condensate, and the makeup water treatment system, and also to serve
as the water supply or makeup source for various auxiliary systems. The APCSB review
covers the CSF from the condensate storage tank up to the connections to or interfaces

with other systems or components.

1. The APCSB reviews the capability of the CSF to supply water to various auxiliary
systems and to receive return water from other systems.

2. The APCSB reviews the CSF to verify that:
a. Failures of CSF components connected to the emergency core cooling system (ECCS)
or other safety-related systems do not adversely affect the safety function
of the ECCS or other safety-related systems.
b. Component redundancy necessary to assure CSF safety functions is provided.
c. System components meet design code requirements consistent with the component
quality group and seismic design classifications. . '
d. Provisions for mitigating the environmental effects of system leakage or storage
tank failure are provided.
" USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the Office of Reactor ion staff ible for the review of applications to construct and
operete nuclear power plants. These o are made ilable to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of r Y d and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and

compliance with them is not required. The standard review plan sections are keyed to Revision 2 of the Standard Format and Contant of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically. as appropriate, to accommodate comments and to reflect new information and experience.

C and sug for impr will be idered and should be sent to the U.S. Nucl R y C i Office of N R
Regulation, Washington, D.C. 20655, .
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e. Provisions for safe handling of storage tank overflow, the associated instrumenta-
tion necessary to detect high or low water level, and isolation means are provided. ‘

3. The applicant's proposed technical specifications are reviewed for operating license
applications, as they relate to areas covered in this review plan.

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

The RSB will identify essential portions of the facilities that are required to function
during normal operations and accident conditions, determine that the seismic and

quality group classifications for the system components are acceptable, and assist in
establishing the basis for minimum condensate storage capacity. The ETSB will verify
that the 1imits for radioactivity concentrations are not exceeded. 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 earth-
quake (SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will
review the seismic qualification of components and confirm that components, piping,

and structures are designed in accordance with applicable codes and standards. The

MTEB will verify that inservice inspection requirements are met for system components
and, upon request, will verify the compatibility of the materials of construction with
service conditions. The EICSB 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 to assure that radiation levels are

as Tow as possible (ALAP).

II. ACCEPTANCE CRITERIA
Acceptability of the design of the condensate storage facility, as described in the appli-

cant's safety analysis report (SAR), is based on specific general design criteria and
regulatory guides. An additional basis for determining the acceptability of the condensate
Storage facility will be the degree of similarity of the design with that for previously
reviewed plants with satisfactory operating experience.

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 Criterion 44, to assure:
(1) Redundancy of components so that under normal and accident conditions the
safety function can be performed assuming a single active component failure
coincident with the loss of offsite power.

(2) The capability to isolate components, subsystems, or piping if required so
that the system safety function will not be compromised.

9.2.6-2
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(3) The capability to provide sufficient makeup water to safety related cooling
systems.

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

c. General Design Criterion 46, as fe]ated to design provisions made to permit
operational functional testing of safety-related systems and components to assure
structural integrity, system leak tightness, operability and performance of
active components, and capability of the integrated system to function as intended
during normal, shutdown, and accident conditions.

d. General Design Criterion 2, as related to structures housing the facility and the
facility itself being capable of withstanding the effects of natural phenomena,
external missiles and internally generated missiles, pipe whip, and jet impinge-
ment forces associated with pipe breaks.

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

f. Regulatory Guide 1.26, as related to the quality group classifications of components
and systems.

g. Regulatory Guide 1.29, as related to the seismic design classification of system
components.

h. Branch Technical Positions APCSB 3-1 and MEB 3-1, as related to breaks in high
and moderate energy piping systems outside containment.

2. For reactor systems where the condensate storage facility is not an ultimate means of
water supply for safe shutdown or accident mitigation, the design of the CSF is accept-
able if the integrated facility design is in accordance with the following criteria:

a. Regulatory Guide 1.29, as related to the seismic design classification of facility
components.,

b. The concentration of activity in the condensate storage tank is not in excess of
the unrestricted levels for liquids given in 10 CFR Part 20, or the tank is pro-
vided with a seismic Category I retention basin to preclude the release of the
stored liquids to the site in the event of tank failure.

REVIEW PROCEDURES
The procedures below are used during the construction permit (CP) review to determine that

the design criteria and bases and the preliminary design as set forth in the preliminary
safety analysis report meet the acceptance criteria given in Section II of this plan. For
operating license (OL) reviews, the procedures are used to verify that the initial design
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criteria and bases have been appropriately implemented in the final design as set forth in
the final safety analysis report.

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

The condensate storage facility (CSF) may be designed either as a safety-related facility

or as a non-safety-related facility, depending on the plant. The safety function performed
by the facility is to ensure an adequate supply of water to the auxiliary feedwater system
in the event that it is required for the safe shutdown of the reactor. Normal plant system
functions performed by the CSF, such as makeup to the condenser hotwells and other auxiliary
systems of the plant are reviewed to verify that failure will not have an adverse effect on
the safety-related functions of the facility.

The review procedures given below are for a typical CSF system of the safety-related type.
For cases where there are variations from this typical arrangement, the reviewer will
adjust the review procedures given below. However, the system design will be required to
meet the acceptance criteria given in Section II.

1. The safety analysis report is reviewed to determine that the facility description
section and piping and instrumentation diagrams (PID's) delineate the CSF equipment
that is used for normal operations, abnormal operations, and accident conditions as
follows:

a. The facility functional requirements and the minimum flow requirements for
supplying water to the auxiliary feedwater system and other safety-related
systems are described.

b. Component allowable operational degradation (e.g., pump leakage) and the proce-
dures that will be followed to detect and correct these conditions when they
become excessive are described. The reviewer, using failure modes and effects
analyses, comparisons with previously approved facilities, or independent calcula-
tions determines that the facility is capable of sustaining the loss of any
active component and meeting minimum flow requirements to the safety-related
systems. '

2. The facility PID's, layout drawings, and component descriptions and characteristics
are reviewed to determine the following:

a. Essential portions of the CSF are correctly identified and are isolable from the
non-essential portions of the system. The PID's 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 accomplishing isolation and the
facility description is reviewed to identify minimum performance requirements for

the isolation valves.
9.2.6-4

11/24/75




b. Essential portions of the CSF, including the isolation valves separating seismic
Category I portions from the non-seismic portions are, at a minimum, classified
Quality Group C or higher and seismic Category I.

c. Design provisions have been made that permit appropriate inservice inspection and
functional testing of system components important to safety. It will be accept-
able if the SAR delineates a testing and inspection program and if the system
drawings show the necessary test recirculation loops around pumps or isolation
valves that would be required by this program.

The reviewer verifies that the system has been designed so that facility functions are
maintained, as required, in the event of adverse natural phenomena such as tornadoes,
hurricanes, and floods, and a loss of offsite power. The reviewer evaluates the
facility, using engineering judgment and the results of failure modes and effects
analyses to determine the following:

a. The failure of portions of the facility or of other systems not designed to
seismic Category I standards and located close to essential portions of the
facility, or non-seismic Category [ structures that house, support, or are close
to essential portions of the CSF, do not preclude essential functions. Reference
to SAR Chapter 2, describing site features, and the general arrangement and
layout drawings, as well as to the SAR tabulation of seismic design classifications
for structures and facilities will be necessary. Statements in the SAR to the
effect that the above conditions are met are acceptable. (CP)

b. The essential portions of the CSF are protected from the effects of floods,
hurricanes, tornadoes, and internally or externally generated missiles. Flood
protection and missile protection criteria are discussed and evaluated in detail
under the standard review plans for Chapter 3 of the SAR. The location and
design of the facility and structures are reviewed to determine that the degree
of protection provided is adequate. A statement to the effect that the facility
is located in a seismic Category I structure that is tornado missile and flood
protected, or that components of the facility will be Tocated in individual
structures that will withstand the effects of both flooding and missiles is
acceptable.

c. The CSF provides sufficient net positive suction head (NPSH) at safety-related
pump suction locations considering low condensate storage tank water levels. The
SAR should indicate the minimum water level of the condensate storage tank and
the elevation of the pump impellers. An independent calculation verifying the
applicant's conclusion regarding pump NPSH may be necessary.
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d. The condensate storage tank is equipped with instrumentation to monitor the water
level in the tank and alarm when the water level reaches the low level setpoint
which indicates the minimum reserve condensate storage for safety-related system
supply.

e. The condensate storage tank overflow piping is connected to the radwaste system.

f. The essential portions of the facility are protected from the effects of high and
moderate energy line breaks or cracks. Layout drawings are reviewed to assure
that no high or moderate energy piping systems are close to essential portions of
the CSF, or that protection from the effects of failure will be provided. The
means of providing such protection will be given in Section 3.6 of the SAR, and
the procedures for reviewing this information are given in the corresponding
review plans.

g. Functions of the essential components and subsystems of the CSF (i.e., those
necessary for plant safe shutdown) will not be precluded by a loss of offsite
power. The CSF design will be acceptable in this regard if minimum system
requirements are met with onsite power.

The descriptive information, PID's, system drawings, and failure modes and effects
analyses in the SAR are reviewed to assure that essential portions of the CSF will
function as needed following design basis accidents, assuming a concurrent single
active component failure. The reviewer evaluates the information presented in the SAR
on the ability to function of required components, traces the availability of these
components on system drawings, and checks that the SAR contains verification that
system flow requirements are met for each accident situation for the required time
spans. For each case, the design will be acceptable if minimum system flow require-
ments are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his review supports

concl
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usions of the following type, to be incjuded in the staff's safety evaluation report:

"The condensate storage facility (CSF) includes all components and piping associated
with the facility to the points of connection or interfaces with other systems. The
scope of review of the CSF for the plant included layout drawings,

process flow diagrams, piping and instrumentation diagrams, and descriptive informa-
tion for the facility and auxiliary supporting systems that are essential to its
operation. [The review has determined the adequacy of the applicant's proposed design
criteria and bases for the condensate storage facility and the requirements for suffi-
cient water supply to safety-related systems during normal, 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).]
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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 condensate storage facility and
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.

YThe staff concludes that the design of the condensate storage facility conforms to
all applicable regulations, guides, staff positions, and industry standards, and is
acceptable.”

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 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 Criteria 44, "Cooling Water."

10 CFR Part 50, Appendix A, General Design Criterion 45, "Inspection 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,"
Revision 1.

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

Branch Technical Positions APCSB 3-1, "Protection Against Postulated Piping Failures
in Fluid Systems Outside Containment," attached to Standard Review Plan 3.6.1, and

MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping Outside
Containment,” attached to Standard Review Plan 3.6.2.
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NUREG-75/087

U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.3.1 COMPRESSED AIR SYSTEM
REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Structural Engineering Branch (SEB)
Mechanical Engineering Branch (MEB)
Electrical, Instrumentation and Control Systems Branch (EICSB)
I. AREAS OF REVIEW
The compressed air system (CAS) provides air to safety-related equipment, and also to plant
equipment used only for normal facility operation. APCSB reviews the entire compressed air
system since there may be cases where two systems or subsystems are provided, i.e., a
safety-related control air system (SRCAS), and a station service system for non-safety-
related equipment. If the two systems are interconnected, then the area of review will
extend from the safety-reiated portion to the outermost isolation valve on all interconnec-
tions between the two systems. If the systems are not connected, then the review will be
1imited to the SRCAS.

1. APCSB reviews the systems to identify the safety-related air operated devices that are
supplied by the system, and whether each requires a source of supply air in order to
perform the safety-related function.

2. APCSB then reviews to determine that:

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

b. The system components and pipes have sufficient physical separation or barriers
to protect the essential portions of the system from missiles, and from the effects
of breaks and cracks in high and moderate energy fluid system piping close to the
SRCAS.

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

USNRC STANDARD REVIEW PLAN

. Standard review plans are prepared for the guidance of the Office of R R ion staff r ible for the review of applications to construct and
-operate nuclear power plants, These documents are made available to the public as part of the Commission’s policy to inform the nuclear industry and the
general public of regulatory procedures and policies, Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The standard review plan are keyed to Revi 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new information and experience.

[ and suggesti for impr will be i d and should be sent to the U.S. Nuc! R y C Office of
Regulation, Washington, D.C, 20555.
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4. APCSB reviews the design of the SRCAS with respect to the following:

a. Capability to isolate portions or components of the system in case of component
malfunction.

b. Instrumentation and control features provided to determine and verify that the
system is operating in a correct mode (e.g., valve position indication, pressure).

c. Functional capability of the system in the event of adverse environmental
phenomena, abnormal operational requirements, or accident conditions such as a
loss-of-coolant accident (LOCA) or main steam line break concurrent with loss of
offsite power.

5. The applicant's proposed technical specifications are reviewed for operating license
applications as they relate to areas covered in this plan.

Secondary reviews are performed by other branches and the results used by the APCSB to
complete the overall review of the system. The secondary reviews are as follows. The SEB
will determine the acceptability of the design analyses, procedures, and criteria used to
establish the ability of seismic Category I structures housing the system and supporting
systems to withstand the effects of natural phenomena such as the safe shutdown earthquake
(SSE), the probable maximum flood (PMF), and tornado missiles. The MEB will review the
seismic qualification of components and confirm that the system is designed in accordance
with applicable codes and standards. The EICSB will determine the adequacy of the design,
installation, inspection, and testing of all essential electrical components.

ACCEPTANCE CRITERIA

The acceptability of the design of the safety-related control air system, as described in
the applicant's safety analysis report (SAR), is based on specific general design criteria
and regulatory guides. An additional basis for determining acceptability of the system
will be the degree of similarity of the design with that for previously reviewed plants
with satisfactory operating experience. The design of the SRCAS is acceptable if the
integrated design of the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system and the system
itself being capable of withstanding the effects of natural phenomena such as earth-
quakes, tornadoes, hurricanes, and floods, as established in Chapter 2 of the SAR.

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

3. General Design Criterion 5, as related to the capability of shared systems and compo-
nents important to safety to perform required safety functions.
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4. Regulatory Guide 1.26, as related to the quality group classification of systems and
components. )

5. Regulatory Guide 1.29, as related to the seismic design classification of system
components.

6. Branch Technical Positions APCSB 3-1 and MEB 3-1, as related to breaks in high energy
piping or cracks in moderate energy piping systems outside containment.

REVIEW PROCEDURES
The procedures below are used during the construction permit (CP) review to determine that

the design criteria and bases and the preliminary design as set forth in the preliminary
safety analysis report meet the acceptance criteria given in Section II 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 preparednby the applicant are
in agreement with the requirements for system testing, minimum performance, and surveil-
tance 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 a safety-related control air

‘system (SRCAS). For cases where there are variations from this arrangement, the reviewer

adjusts the review procedures given below. However, the system design would be required to
meet the acceptance criteria in Section II. The reviewer will select and emphasize mate-
rial from this plan as appropriate for a particular case.

1. The.SAR is reviewed to identify from information in the system description section and
the piping and instrumentation diagrams (P&IDs) the SRCAS equipment used for normal
operation and for safety feature operation. The reviewer determines that the system
design is acceptable, taking into account the worst expected component operational
degradation (e.g., wet or dirty air). The procedures to be followed to detect and
correct these conditions when degradation becomes excessive are also reviewed.

2. The reviewer, using the results of failure modes and effects analyses, determines that
the system, when operéting in the normal mode, is capable of sustaining the loss of
any active component. The reviewer determines, on the basis of previously approved
systems or independent calculations, that the minimum system requirements (as stated
in the‘SAR) are met for these failure conditions.

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

a. Essential portions of the SRCAS are correctly identified and are isolable from
the non-essential portions of the system.. The P&IDs are reviewed to verify that
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they clearly indicate the physical division between each portion. System drawings
are also reviewed to verify that they show the means for accomplishing isolation
and the system description is reviewed to identify minimum performance requirements
of the isolation valves. For the typical system, the drawings and descriptions

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

b. Essential portions of the SRCAS, including the isolation valves separating
essential from non-essential portions, are classified Quality Group C or higher
and seismic Category 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 I standards and located close to essential portions
of the SRCAS, or of non-seismic Category I structures that housé, 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
arrangement and layout drawings, as well as to the SAR tabulation of seismic
design classifications for structures and systems will be necessary. Statements
in the SAR to the effect that the above conditions are met are acceptable.

b. The essential portions of the SRCAS are protected from the effects of floods,
hurricanes, tornadoes, and internally or externally generated missiles. Seismic
design, flood protection, and missile protection criteria are discussed in detail
in Chapter 3 of the SAR. The location and the design of the system, structures,
or cubicles are reviewed to determine that the degree of protection is adequate.
A statement to the effect that the system is Tocated in a seismic Category I
structure that is tornado missile and flood protected, or that components of the
system will be located in individual cubicles or rooms that will withstand the
effects of tornado winds, flooding, and missiles is acceptable.

¢. An adequate SRCAS air supply source is available, considering the Toss of offsite
power. The system design will be acceptable if minimum performance requirements,
as stated in the SAR, are met assuming a concurrent failure of a single active
component, including an emergency power source. The SAR information is reviewed
to verify that for each SRCAS component or subsystem affected by the loss of
offsite power, system capability meets or exceeds the minimum requirements.
Statements in the SAR and the results of failure modes and effects analyses are
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considered to assure that the system meets these requirements. This will be
acceptable verification of system functional reliability.

d. The essential components of the system are protected from the effects of high and
moderate energy line breaks. Layout drawings are reviewed to assure that no high
or moderate energy piping systems are close to essential portions of the SRCAS,
or that protection from the effects of failure will be provided. The means of
providing such protection will be given in Section 3.6 of the SAR, and procedures
for reviewing the information are given in the corresponding review plans.

5. The descriptive information, P&IDs, SRCAS drawings, and failure modes and effects
analyses in the SAR are reviewed to assure that the SRCAS will function following
design basis accidents assuming a concurrent single active failure. The reviewer
evaluates failure modes and effects analyses presented in the SAR to assure function
of required components, traces the availability of these components on system drawings,
and checks that the SAR contains verification that minimum compressed air flow require-
ments are met for each degraded situation for the required time spans. For each case
the design will be acceptable if minimum system requirements are met.

EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that his review
supports conclusions of the following type, to be included in the staff's safety evaluation
report:

“The compressed air system includes all components and piping and the points of connec-
tion or interfaces with other systems. The scope of the review of the compressed air
system for the plant included layout drawings, piping and instrumen-
tation diagrams, and descriptive information for operation of essential portions of the
system. [The review has determined the adequacy of the applicant's proposed design
criteria and design bases for the system with regard to the need to maintain a con-
tinous air supply to safety-related components during all conditions of plant opera-
tion. (CP)] [The review has determined that the applicant's design of the compressed
air system and auxiliary supporting systems is in conformance with the design criteria
and bases. (0OL)]

"The basis for acceptance in the staff review has been conformance of tha applicant's
designs and design criteria for the compressed air system and necessary auxiliary
supporting systems to the Commission's regulations as set forth in the general design
criteria, and to applicable regulatory guides, branch technical positions, and industry
standards.

"The staff concludes that the design of the compressed air system conforms to all
applicable regulations, guides, staff positions, and industry standards, and is
acceptable."
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5. Regulatory Guide 1.29, "Seismic Design Classification," Revision 1.

6. Branch Technical Positions APCSB 3-1, "Protection Against Postulated Piping Failures
In Fluid Systems Outside Containment," attached to Standard Review Plan 3.6.1, and
MEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping Outside
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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.3.2 PROCESS SAMPLING SYSTEM
Primary ~ Effluent Treatment Systems Branch (ETSB)

Secondary - Containment Systems Branch (CSB)
Auxiliary and Power Conversion Systems Branch (APCSB)
I.  AREAS OF REVIEW
ETSB reviews the following information in the applicant’'s safety analysis report (SAR):

1. The design objectives and design criteria for the process sampling system (PSS) are
reviewed at the construction permit (CP) stage. During the operating license (OL) stage
of review, ETSB review consists of confirming the design accepted at the CP stage and
evaluating the adequacy of the applicant's technical specifications in these areas. The
review includes identification of the process streams to be sampled and the parameters
to be determined through sampling (e.g., gross beta-gamma concentration, boric acid
concentration).

2. The system description for the PSS is reviewed at the operating license (OL) stage. The
review includes (a) piping and instrumentation diagrams (P&ID's), (b) provisions for
obtaining representative samples, {c) location of sampling points and sample stations,
and (d) provisions for purging sampling lines.

3. The seismic design and quality group classifications of piping and equipment, and the
bases for the classifications chosen are reviewed at the CP stage. At the OL stage,
the review includes 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 limit radicactive
releases by Timiting reactor coolant losses are reviewed at the CP stage.

Sampling and monitoring systems for radwaste processing systems are reviewed by ETSB under
Standard Review Plan (SRP) 11.5. Secondary reviews are performed by the following branches
and the results used by ETSB to complete the overall evaluation of the PSS. The CSB,

under SRP 6.2.4, reviews the design of isolation provisions of those portions of the PSS
that penetrate primary containment. The APCSB, under SRP 3.6.1, reviews the design with

USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of the Office ot Nucl R R lation staff ible for the review of applications .to_cons"uct and
opsrate nuclear power plants. These d are made ilable to the public as part of the Commission’s palicy to inform the nuclear industry and the
general public of regulatory procedures and policies. Standard review plans are not substitutes for regulatory guides or the Commission’s regulations and
compliance with them is not required. The dard review plan i are keyed to Revision 2 of the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.

Published standard review pians will be revised periodically, as sppropriate, to accommodate comments and to reflect new infarmation and experience.

C and sugg for impr will be d and should be sent to the US. N Regul y C issi Office of N
Regulation, Washington, D.C. 20655.
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respect to the effects of externally or internally generated missiles, pipe whip, and jet
impingement forces associated with postulated pipe breaks in high energy fluid systems or
leakage cracks in moderate energy fluid systems. )

ACCEPTANCE CRITERIA

1. The applicant's design should be such that the PSS has the capability for sampling
all normal process systems and principal components, including provisions for obtaining
samples from at least the following points:

a. For a pressurized water reactor (PWR):

Reactor primary coolant.

Refueling (borated) water storage tank.
ECCS core flooding tank.

Concentrated boric acid storage tank.
Boric acid mix tank.

Boron injection tank.

Chemical additive tank.

Spent fuel pool.

Secondary coolant.

Pressurizer tank.

Steam generator blowdown (if applicable).

b. “For a boiling water reactor (BWR):

Reactor coolant.
Standby liquid control system tank.

The required tests and test frequencies should be given in the plant technical specifi-
cations.

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

a. Provisions should be made to assure representative samples from 1iquid 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 sedi-
ment traps. For process stream samples, sample points should be located in
turbulent flow zones. Provisions should be made for purging sample lines and for
reducing plateout or precipitation in sample lines (e.g., heat tracing). Provi-
sions for sampling should be in accordance with the guidelines in Regulatory Guide
1.21, paragraph C.6.

b. Provisions should be made to assure representative samples from gaseous process
streams and tanks in accordance with ANSI N13.71-1969.
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c. Locations of sampling points should be described in ‘the SAR at the OL stage and
should be shown on P&IDs describing the system to be sampled.

d. Provisions should be made for purging sampling lines and for reducing plateout
in sample lines.

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

f. Isolation valves should fail in the closed position.

g. Passive flow restrictions to limit reactor coolant loss from a rupture of the
sample line should be provided.

3. The seismic design and quality group classification of sampling lines and components
should conform to the classification of the system to which each sampling line and
component is connected (e.g., a sampling line connected to a Quality Group A and
seismic Category I system should be designed to Quality Group A and seismic Category
I classification) as described in Regulatory Guides 1.26 and 1.29. Components and
piping downstream of the second isolation valve can be designed to Quality Group D
and non-seismic Category 1 requirements.

IIT. REVIEW PROCEBURES

The reviewer will select and emphasize material from this review plan, as may be appropri-

ate for a particular case.

1. In the review of the process sampling system, ETSB compares the 1ist of process
sampling points contained in the SAR with the sampling points identified in Section II,
1, above, to assure that the required process sampling points have been provided.

2. ETSB compares the capability of the system to obtain representative samples of process
fluids and the locations of sampling points with the guidelines for obtaining repre-
sentative samples of fluids contained in paragraph C.6 of Regulatory Guide 1.21 and
with the principles for obtaining representative samples of gases contained in ANSI
N13.1-1969.

3. ETSB compares the seismic destgn and quality group classifications of the PSS to the
classifications of the fluid systems to which the sampling system is connected.

4, ETSB reviews the technical specifications for process sampling to determine that the
content and intent of the technical specifications are in agreement with the require-

ments developed as a result of the staff's review.

5. ETSB verifies that provisions have been made to limit the potential for reactor coolant
loss from the rupture of a sample line.
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IV. EVALUATION FINDINGS
ETSB verifies that sufficient information has been provided and that the review supports .

conclusions of the following type, to be included in the staff's safety evaluation report:

“The process sampling system includes piping, valves, heat exchangers, and other com-
ponents associated with the system from the point of sample withdrawal from a fluid
system up to the analyzing station, sampling station, or local sampling point. Qur
review included the provisions proposed to sample all principal fluid process streams
associated with plant operation and the applicant's proposed design. The review has
included descriptive information for the process sampling system and the location

of sampling points, as shown on piping and instrumentation diagrams.

"The basis for acceptance in our review has been conformance of the applicant's design
for the process sampling system to applicable regulations and guides, as well as to
branch technical positions and industry standards. Based on our evaluation, we find
the proposed system to be acceptable.”

V.  REFERENCES:
1. Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants,” Revision 1.

2. Regulatory Guide 1.26, "Quality Group Classifications and Standards For Water-,

Steam-, and Radioactive-Waste-Containing Components of Nuclear Power Plants,"”
Revision 2. ‘

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

4. ANSI N13.1-1969, "Guide to Sampling Airborne Radioactive Materials in Nuclear Facili-
ties," American National Standards Institute (1969).
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STANDARD REVIEW PLAN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary and Power Conversion Systems Branch (APCSB)

Secondary - Effluent Treatment Systems Branch (ETSB)

Containment Systems Branch (CSB)

Radiological Assessment Branch (RAB)
AREAS OF REVIEW
The equipment and floor drainage system (EFDS) is designed to assure that waste liquids, valve
and pump leakoffs, and tank drains are directed tc the proper area for processing or disposal.
The APCSB reviews the equ