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System 80+ Functions

ABBREVIATIONS

ABB-CE Asea Brown Boveri - Combustion Engineering
AC Alternating Current

AFW Auxiliary Fesdwater

Alt Alternate

ANS Amer ican Nuclear Society

ANSI American National Standards Institute

APS Auxiliary Protection System

ATWS Anticipated Transient Without Sciam
kuto Automatic

AVS Annulus Ventilation System

CEA Control Element Assembly

CFR Code of Federal Regulations

CIAS Containment Isolation Actuation Signal
Cntl Control

Comp Complementary

CSAS Containment Spray Actuation Signal
Ctnt Containment

cvCes Charging and Veolume Control System
DBE Design Basis Events

DC Direct Current

DG Diesel Generator

DVI Direct Vessel Injection

EFAS Emergency Feedwater Actuation Signal
EFW Emergency Feedwater

EFWST Enmergency Feedwater Storage Tank
GDC General Design Criterion

LOCP Loss Of Offsite Power

IEEE Instituts of Electrical and Electronics Engineers
Init Initiate, Initiation

MSIS Main Steam Isclation Sigral

NRC Nuclear Regulatory Commission
Par Parallel

PORV Power Operated Relief Valve
FPS Plant Protection System

PWR Pressurized Water Reactor

PZR Pressurizer

RCGV Reactor Coolant Gas Vent
RCGVS Reactor Coolant Gas Vent Systenm

RCS Reactor Coolant System

RD Rapid Depressurization

RDS Rapid Depressurization System
RG Regulatory Guide

RPS Reactor Protection System

Rx Reactor

SCs Shutdown Cooling System

SDS Safety Depressurization System
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SG Steam Generator
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sI Safety Injection
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SIAS Safety Injection Actuation Signal
SIT Safety Injection Tank

SPS Supplementary Protection Signal
S/U Start Up

Xfmr Transformer
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System 80+ Functions

DEFINITIONS

- The decision to use manual or automatic
contreol in the design of a particular system operating feature.
This is described as falling into one of five categories of
configuration: 1) Fully manual, 2) fully automatic, 3)
Complementary, 4) Alternate, or 5) Parallel (see Section x).

Automatic - A type of control in which the main switching and/or
regulating features are governed by machine devices, without need
for human supervision or intervention.

Critical Safety Functions - The safety functions for the Systen

80+ design and its predecessors.

(<} - Human operator tasks identified by
the PRA to contribute significantly to overall risk in the System
80+ design.

Design Basis Events - Events evaluated by CESSAR-DC Chapter 15
safety analyses (Reference 4).

Manual - A type of control in which the main switching and/or
regulating features are governed by human operator(s).

Mixed Allocation - A combination of automatic and manual control
used in one of several configurations (i.e., Complementary,
Alternate, or Parallel; see Section 4.4).

Non-safety System - A system not relied on to remain functional
during design basis events.

Operating Bypass - Inhibition of the capability for a protective
action that could otherwise occur in response to plant
conditions.

Protective Action - The generation of signal(s) by the process
monitoring and equipment command features to initiate reactor

trip and/or engineered safety feature operation (i.e., protective
systems).

Protective System - A system relied on (i.e., credited in CESSAR-

DC Chapter 15 analyses) to mitigate DBEs by performing the
specified safety function.

Safety Functions - Physical processes, conditions, or actions
relied on to maintain the plant within acceptable design basis
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System 80+ Functions

limits, i.e. to prevent core melt and to ensure radiation
releases do not exceed the limits of 10 CFR 100.

Segment - In Appendix B, a segment is any unit of functional
decomposition (function, subfunction, task, etc.) proposed for
allocation. This generic term is used to avoid invoking
preconceptions about system hardware that might be implied for
some readers by more freguently used systems terminclogy.

Success Path - A set of physical process commodities and
egquipment that, if available, are sufficient to perform a
particular safety function in the design.

Unanticipated Systems Interaction - The undesired propagation of
results to cone system (subsystem, division, train, component,
structure, segment, etc.) due to a single credible failure within
another system, by means of inconspicuous interdependencies
between the systems (per NUREG-1229, Reference 5).
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1.0 INTRODUCTION
1.1 Background

The identjification of system functional reguirements, and the
subseguent allocation of the functions to man and machi : are
part of a generic, top-down approach to systems design (Reference
1 & 2). The general concern, from a human factors standpoint, is
that the task demands on human operators consistently remain
within the effective limits of their abilities. One specific
goal is to avoid excessive (or insufficient) levels of workload.
A second, related goal is that the supervisory activity normally
required of operators ensures their awareness of process status,
and their readiness to perform safety-related functions.

Concerns that automated systems can give rise to problems in
these areas has led to an increasing emphasis on the allocation
of functions in design.

Of course, these are not the only concerns in allocation. Of
greatest importance in nuclear power plant design is the
maintenance of plant safety. To tnis end, a variety of specific
reguirements on the allocation of certain safety-related
functions exist that must be met by the design (e.g., Reference
3). The operator's present role in existing plants has evolved

within these constraints.

As an evolutionary Pressurized Water Reactor (PWR) design, Systenm
80+ has been developed in light of the success and experience
accrued from prior generations of similar Combustion Engineering
plants (see Reference 4, Table 1.3-1). 1In particular, the ABB-CE
Critical Functions (i.e., safety functicns) have proved
themselves to be a sufficient and effective framework for
emergency operations and maintaining plant safety.

1.2 Purpose

The purpose of the present report is to explain how System 80+
conforms to the existing Critical Functions framework to meet the
applicable requirements and intentions of industry guidance for
plant safety and emergency operations. The report identifies:

1) requirements and guidelines applicable to the issues of
functional analysis and allocation;

2) the ABB-CE plant operators' role as it has evolved and

culminated in System 80+, with an emphasis on safety
functions; and
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3) how System 80+ meets the safety-related requirements.

This report responds to the reguirements of the ABB-CE Human
Factors Program Plan (Reference &, Section A-2.3). 1In addition,
it addresses Elements 3 and 4 of Appendix E of Reference 2, per
the agreements of Reference 7. The commitments of Reference 7
included the submission of the present report, an "explanation-
of-functions" paper grounded in System 80+ Critical Safety
Functions that describes:

1) the baseline systenm;

2) its functional objectives, reguirements and allocations
to human and machine elements;

3) changes to these requirements effected by the new systew;
4) auditable bases for the allocations;

5) analyses of particular allocation problems in predecessor
plants; and

6) activities confirming that personnel can properly perform
tasks allocated to them.

The present report addresses each of these areas. Further
details may be cbtained from References 4 and 8, and future
evaluation activities; see Section 3.4.

1.3 Scope

The scope of the present report is on the Safety Functions and
Success Paths reguired to accommodate design basis events. The
Safety Functions and their Success Paths are the means by which
the System 80+ design safely accommodates all anticipated
operating occurrences during normal, abnormal, and emergency
conditions. Events beyond design basis, such as severe accidents
or unanticipated systems interactions (Reference 5), are not
addressed by this evaluation.

In addition, passive or inherent functions are generally outside
the realm of the allocation concept. However, where these are
credited for achieving Safety Functions, they have been treated
as automatic functions in the evaluation.
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2.0 REQUIREMENTS

A variety of federal regulations, industry standards, and
regulatory guidelines apply to the issues of PWR plant functional
design and the allocation of functions to human and/or machine
control. Both general and specific items are found. Relevant
portions are reviewed here to identify specific reguirements
governing allocation. The resulting criteria are specified under
Section 3.3 of the Approach, for application in the subseguent
Evaluation.

Please note that references within a document description refer
to the numbering scheme used in that document; references to
other documents will identify the document specifically;
references to the present report, where used, will
parenthetically indicate to "see" the indicated Section.

Material is not presented word for word or in its entirety from
the coriginal sources; it has been paraphrased for brevity and
clarity. While it is felt that the original authors' intentions
have been retained, readers with specific concerns should consuit
the original sources.

2.1 10 CFR 50 - Code of Federal Regulations: Nuclear Regulatory
Commission (Reference 3)

Part 50, "Domestic licensing of production and utilization
facilities,” provides several specific allocation reguirements.

2.1.1 General Design Criteria (10 CFR 50, Appendix A)
Automatic initiation of prctective systems including
reactivity control systems and associated systems and
components important to safety; GDC 20.

2.1.2 Additional TMI-related requirements (10 CFR 50.34(f))

a) Automatic indication of the Bypassed and Inoperable
Status of Safety Systems; 50.34(f)(2)(Vv).

b) Rutomatic and manual initiation of auxiliary (and/or
emergency) feedwater systems; 50.34(f) (2) (xii) and
50.62(c) .

c) Automatic actuation of containment isoclation systems,

including all non-essential systems, on high
containment pressure; 50.34(f) (2) (xiv)
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d) No automatic reopening of automatically closed
containment isclation valves on reset of automatic
containment isoclation signals; 50.34(f)(2) (xiv)(C).

€) Automatic isolation of containment system paths to
environs on high radiation; 50.34(f) (2) (xiv) (E).

2.1.3 Requirements for reduction of risk from ATWE events for
light-water-cooled nuclear power plants (10 CFR 50.62)

Automatic initiation of turbine trip; $0.62(c).

2.2 ANSI/ANS 58.8-1984 -~

Time Response Design Criteria for
Nuclear Safety-related Operator Actions (Reference 11)

These criteria specify time test reguirements to be met by design
and nuclear-safety analyses, for credit to be taken for manual
operator actions that initiate and/or control nuclear-safety
system actions. If the manual time test reguirements cannot be
met, then additional control automation (or other mitigating
steps) are necessary for resolution. The response time criteria
of the Standard are based on simulator data; 95% confidence
levels are established for the sufficiency of the defined
intervals to permit opera or action (these have since been
validated as conservative with further testing for an upcoming
revision of the Standard.)

The criteria of ANSI/ANS 58.8 are applied as part of the safety
analyses during design, and the final results are provided in
Chapter 15 of CESSAR-DC. Any issues identified in Chapter 15 are
addressed as part of the safety analysis and Standard Review, and
the results incorporated in the System 80+ design and design
basis documentation. The ANSI/ANS 58.8 criteria will thus not be
utilized further in the present report.

2.3 1EEE 279-1971 - 1EEE Standard Criteria for Protection
Systems for Nuclear Power Generating Stations (Reference 12)

Section 4.17, "Manual Initiation" (to which RG 1.62 replied; see
Section 2.9) presented specific requirements relating to
allocations. However, for the purposes of function allocation,
this document has been incorporated in and superseded by the
current version of IEEE 603.
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2.4 IEEE 603-1991 =
m_mmx.xm:_m;nnngmnm (Reference 13)

This Standard is an update of IEEE 603-1980, primarily in
response to the comments of RG 1.153 (whose technical input was,
essentially, incorporated by the revision.) The following
regquirements from IEEE 603-1991 are relevant to functional
analysis and allocation:

2.4.1 Bafety System Design Basis (Section 4)

The following are part of the design basis documentation
regquirements for protective actions corresponding to safety
functicns in each design basis event:

(4.5.2) - The justification must be
documented for permitting initiation, or control subseguent
to initiation, solely by manual means.

(4.5.3) - The range of
environmental conditions imposed on the operator in which
the manual operations must be performed shall be documented.

2.4.2 safety System Criteria (Section §)

The following are system functional and design reguirements
to ensure that plant parameters are maintained within
acceptable limits for each design basis event:

ive Action (5.2) - Safety systems shall
be designed so that, once initiated automatically or
manually, the intended sequence of protective actions of the
execute features shall continue until completion.
Deliberate operator action shall be required te return the
safety systems to normal. This requirement shall not
preclude the use of eguipment protective devices identified
in 4.11 of the design basis [i.e., that can prevent a system
from accomplishing its function] or the provision for
deliberate operator interventions.

Human Factors (5.14) - Human factors shall be . onsidered at
the initial stages and throughout the design process to
assure that the functions allocated in whole or in part to
the human operator(s) and maintainer(s) can be successfully
accomplished to meet the safety system design goals.
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2.4.3 Sense and Command Features - Functional and Design
Reguirements (Section 6)

In addition to the functional and design reguirements of
Secticn 5, these reguirements apply to sense and command
features:

(6.1) - Means shall be provided to
automatically initiate and control all protective actions
except as justified in 4.5. The safety system design shall
be such that the cperator is not required to take any action
prior to the time and plant conditions specified in 4.5
following the onset of each design basis event. At the
option of the safety system designer, means may be provided
to automatically initiate and control those protective
actions of 4.5.

Manual Control (6.2) - Means shall be provided in the
contrel room to manually initiate all automatically

initiated protective actions at the division level, and to
manually initiate and control protective actions identified
in 4.5 that have not been selected for autcmatic control
under 6.1.

(6.6) -~ Whenever applicable permissive
conditions are not met, a safety system shall automatically
prevent the activation of an operating bypass, or initiate
the appropriate safety function. 1If plant conditions change
so that an activated operating bypass is no longer
permissible, the safety system shall automatically do one of
the feollowing (6.6):

1) Remove the appropriate active operating bypass(es).

2) Restore plant conditions so that permissive conditions
once again exist.

3) Initiate the appropriate safety function.

2.4.4 Executive Features - Functional and Design Reguirements
(Section 7)

In addition to the functional and design reguirements of
Section 5, these requirements apply to executive features:

Automatic Control (7.1) - Capability shall be incorporated
in the execute features to receive and act upon automatic
control signals from the sense and command features
consistent with 4.4 of the design basis [i.e., the variables
monitored as the basis for control].
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Manual Control (7.2) - If manual control of any actuated
component in the execute features is provided, the
additional design features in the execute features necessary
to accomplish such manual control shall not defeat the
requirements of 5.1 [i.e. , single failure criteria) and 6.2.
Capability shall be prov ded in the execute features to
receive and act upon mar.al control signals from the sense
and command features consistent with the design basis.

(7.3) = The design of the
execute features shall be such that, once initizted, the
protective actions of the execute features shall go to
completion. This requirement shall not preclude the use of
egquipment protective devices identified in 4.11, or the
provision for deliberate coperator interventions. When the
sense and command features reset, the execute features shall
not automatically return to normal; they shall require
separate, deliberate operator action to be returned to
normal.

Operating Bypasses (7.4) - [As for 6.6.)

2.5 IEEE 1023- 1988 -WWMMD

(Reference 14)

Section 6, "Implementation in the Design, Operations, Testing,
and Maintenance Process," includes guidance for planning,
documentation, and review of experience. It proposes a typical
program plan (see Figure 1) that includes analysis and allocation
of functions for new designs, but not for modifications to
existing cnes (any evolutionary design is some balance of the
two). The specific guidance provided is as follows:

a) Functional Analysis - Functions reguired to meet the system
design objectives should be determined (6.1.1.3).

b) Function Allocation - Functions should be allocated to the
human operator(s) and maintainer(s), to machines, or to a

combination of humans and machines (6.1.1.4).

2.6 NUREG-0700 - Guidelines for Control Room Design Reviews
{Reference 1)

Appendix B, "Systems/Operations Design Analysis Technigues, k"

provides high-level guidance on the overall systems design

NPX280-IC~RR790-02 Revision 01 7 of 63



System 80+ Functions

ssa0L ] udisag] o Ui SAH Jo uoneofddy sasuayardwo) eardLy

13
NOILVHASIANGD s1831 NOLLYA VA2
104ANGS - NOILVH 340~ 344 S = ONINIVEL L 1IVASNI San ONY 1534 ba{  NOIS30 TUNIZ |
ﬁ. NGOV InWS -
| SINIWIUIND N
oo ™ TWWANIWNOHIANG
/HONOMHL~ X1V 1 BEATIY 20)
4 SINIWIHIND 3N
o $31N033044
ALINBYNIVANIVN
[ALmavinae SINZWILIND 3L 807 ONV
» =1 ‘ONINIVEL 'NOI133138
NOLLVIO IV
™1 NGILINA4
o~ SINIWIHINDIY LNIWAINDE 4
SISATVUNY
w _ IWNOILINAS
L]
e e Tnoliaung [+ SISA TVNY NSVL - SISATVNY WALSAS he-{ 033N M43
OIS0 MIN
NOI14183530
WSVi
$1534
SHIABIINI
SINIVHASNGD
DNILSIX3 ININEI130 N OV AU IS8 O P e NI eI 3
A{1QOW

8 of 63

Revision 01

NPX80-IC~-RR790-02




e

System 80+ Functions

process, including function analysis and allocation. It is based
on Reference 9, and is generally consistent with the approach of
NUREG/CR-3331. It includes human performance-related allocation
criteria in the form of a Fitts list, which has been included in
the present report as an aid to designers and evaluators (see

Apopendix A).

2.7 NUREG/CR-3331 - A Methodology for Allocating Nuclear Power
Plant Control Functions to Human or Automatic Control
{Reference 15)

This document describes a method by which formal allocation can
be included in the systems design process. Based on this
document, evaluative criteria in the form of a decision algorithm
have been provided as an aid to designers and evaluators in this
report (see Appendix B).

2.8 Regulatory Guide 1.47 - Bypassed and In

operable Status
Indication for Nuclear Power Plant Safety Systems (Reference
16)

This document expanded upon Section 4.13 of IEEE 279-1971, which
has been superseded by IEEE 603 (see Section 2.4), as well as on
10 CFR 50.34(f) (2)(v) {(see Section 2.1.2.a). In general, the
concern was that administrative procedures alone were
insufficient to ensure operator cognizance of safety system
operability; the Regulatory Position recommended automatic
(supplemented by manual) bypassed and inoperable status
indication for protection systems. IEEE 603~-19%1 incorporates
similar standards in Section 5.8.3. System 80+ confcrmance to RG
1.47 is addressed in Chapter 7, Section 7.1.2.21 of CESSAR-DC,
and is not further treated as an allocation issue in the present
report.

2.9 Regulatory Guide 1.62 - Manual Initiation of Protective
Actions (Reference 17)

This document expanded upon IEEE 279-1%71, which has been
superseded by IEEE 603 (see Section 2.4). 1In general, there was
a concern for an excessive number cof component actions reguired
in the manual initiation of safety functions. While the concerns
of RG 1.62 have been accommodated by subseguent versions of IEEE
603 (see Section 2.11), the allocation-related concerns presented
in the Regulatory Position section of RG 1.62 are summarized here
for the sake of completeness.

NPXB0O~-IC-RR799~-02 Revision 01 9 of 63
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Means should be provided for the manual initiation of each
protective action (e.g., reactor trip, containment
isolation) at the system level, regardless of whether means
are also provided to initiate the protective action at the
component or channel level (e.g., individual control rod,
individual isolation valve) (C.1).

2) Manual jnitiation of a protective action at the system level
should perform all actions performed by automatic initiation
such as starting auxiliary or supporting systems, sending
signals to appropriate valve-actuating mechanisms to assure
correct valve position, and providing the required action-
seguencing functions and interlocks (C.2).

3) The switches for manual initiation of protective actions at
the system level should be located in the control room and
be easily accessible (C.2); manual initiation should depend
on the operation of a minimum of egquipment (C.5).

System 80+ conformance to RG 1.62 is addressed in Chapter 7,
Section 7.1.2.22 of CESSAR-DC, and is not further treated as an
allocation issue in the present report.

2.10 Requlator}' Guide 1.97 - Inm:m:nm&mn_mx_hmm::
(Reference 18)

Regulatory Guide 1.97 has no alleocation reguirements, per
se, but specifies information reguirements including Type A
variables (supporting fully manual safety actions) similar
to 5.8.1 of IEEE 603-1991.

The criteria of RG 1.97 have been met by preceding
generations of ABB-CE plants, and have been applied to the
System 80+ design. Conformance to RGC 1.97 is addressed in
Chapter 7, Section 7.1.2.26 of CESSAR-DC, and is not further
treated as an allocation issue in the present report.

2.11 Regulatory Guide 1.153 - Criteria for Power,
Instrumentation, and Conirol Portions of Safety Systems

(Reference 19)

This document largely endorsed IEEE 603-1980, with a small number
of modest caveats. These remaining issues, in that they related
to allocation, have been incorporated in IEEE 603-1991 (see
Section 2.4).

NFX80-IC~RR790-02 Revision 01 10 of €3
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3.0 APPROACH

System 80+ is an evolutionary design. It incorporates
improvements that reflect experience gained from the design and
cperation of prior generation(s) of ABB-CE plants. However, the
major characteristics of the System 80+ physical plant remain
similar to and consistent with those of its forbearers (see Table
1.3-1 ot Reference 4 for an overview). Such incremental
improvement to a successful design reflects a safe and
conservative approach to engineering.

Like the physical plant systems, the plant critical functions,
and the operator's role in maintaining them, have been modified
and improved in light of experience and technological progress.
However, given the safe operating history of ABB-CE designs, and
the successful operation of licensed System 80 plants, there have
been no fundamental changes in these areas. Again, this reflects
a conservative engineering approach.

Section 3 states the goals and specifies the criteria that will
be applied to evaluate the past and present acceptability of the
allocation of functions in these areas of the ABB-CE designs. 1In
addition, Section 3 states the framework for the evaluation, and
identifies the relationship of subseguent design process
activities to those of allocation.

3.1 Alleocation Goals

The following goals direct the efforts of this portion of the
design process, and should be met by any final allocation of
nuclear power plant safety functions:

a) Maintaip Critical Saie.y Functions - The ensemble of

facility systems must maintain the provision of certain
operating functions (i.e., Critical Safety Functions) to
ensure successful performance, particularly in the area of
the health and safety of the public.

b) Complementary Human and Machine Roles - As part of a
defense~in-depth philoscphy, the human and machine elements
within the system ensemble should play complementary roles
that make the successful accomplishment of these functions
highly likely.

c) Ensure Sujtable Allocation - The allocation of functions to

the human and machine elements (particularly automated
information processing and control) should consider how the

NPYBO-1IC -RR780-02 Revision 01 11 of 63
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facility is to be operated, how plant safety functions are
accomplished, and the needs, capabilities, and limitations
of the human operator (and the propoesed machines.)

3.2 Framework

The critical functions and their success paths, and the operators
role in implementing them, for System 80 and System 80+ shall be
compared to verify their similarity ancC consistency. The System
80+ success paths shall then be evaluated against the identified
allocation criteria to verify the acceptability of the allocation
of control of safety functions in the System 80+ design.

3.3 Criteria

The following criteria shall be applied to evaluate the
acceptability of the allocation of contr2l of safety functions in
the System 80+ design.

10 CFR 50

Critical Functions shall be consistent with the federally
mandated allocations identified in Section 2.1 from 10 CFR 50.

1EEE €03-1991

Not superseding the criteria of 10 CFR 50, the following
additional allocation criteria result from the reguire: nts
identified in Section 2.4

a) Justification for requiring initiation or control of any
protective actions solely by manual means, including
assurance of necessary habitability, shall be documented.

b) In all other cases, means shall be provided to:
1) automatically initiate and control protective actions,
2) manually initiate all :ﬁglmatic protective actions (at
the division level from the contrel room).

KUREG/CR~3331

Not superseding the criteria of 10 CFR 50 and those resulting

from IEEE 603-1991, the additional allocation criteria resulting
from NUREG/CR-3331 (see Appendix B) shall be applied to verify

NPX80~IC-RR790~02 Revision 01 i2 of 63
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compatibility of the allocated functions with human factors
guidelines.

3.4 Subseguent Evaluations and Allocation Issues

Throughout the life of the design, feedback on design decisions
is generated. 1In particular, during the design process, various
analysis and development efforts (not limited to human factHrs)
may produce results that have allocation implications. In
particular, Task Analysis, Availability Verification, Suitability
Verification, control room Validation, PRA, and procedure
guideline development may be a source of further issues.

However, findings thus identified, including allocation issues
(if any), shall be rescived using general program mechanisms as
specified in the ¥ 'PP (Reference 6). Emergent feedback is not a
unigue problem ir che allocation area, and no unigue process is
necessarily indicated for the resolution of subsequent allocation
issues. This approach satisfies the intent of Section 5.14 of
1EEE 603-1991, Appendix B of NUREG-0700, and Elements 3 and 4 of
the NRC HFE Program Review Model.

NPXBO-1IC~-RR790~02 Revision 01 13 of 63
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4.0 EVALUATION

This section provides a top-down descriptive evaluation of the
allocation of plant safety functions. This description will be
sufficient to permit understanding of the operator's safety-
related role in the overall system design, and in design basis
evaluations performed to egtablish the adeguacy of the System 80+
Critical Safely Functions. The description will take the form
of “a discussion, with f ccific references, of similarities to
and differences from, “acilities of similar design for whichz
applications have been previocusly filed with the Commission" .
This is provided as an alternative to a formal systems analysis,
which would be more appropriate if System 80+ had no direct
predecessor system.

4.1 Critical Safety Functions

Safety gcunctions are physical processes, conditions, or actions
relizd on to maintain the plant within acceptable design basis
limits, i.e. to prevent core melt and to ensure radiation
releases do not exceed the limits of 10 CFR 100. These functions
may be performed by automatic or manual actuation and/or
regulation, from passive system performance, or from natural
feedback in the plant design.

The composition of the safety functions is relatively unchanging
for a given type of plant design. Table 1 compares a list of CE
plant safety functions (i.e., the Critical Safety Functions, or
CSFs) as described in 1980 (Reference 10; note that this
substantially predates System 80), with thcse for the System 80
and System 80+ designs. Three changes should be noted in the
table.

One change is to the relative priority of the functions: "Vital
Buxiliaries"™ moved to a higher priority in the Emergency
Procedure Guidelines in response to operational considerations
(Reference 20). Specifically, the provision of vital power is a
prereguisite for actively managing most other CSFs; thus,

' This reguirement is consistent with the general regulations
of 10 CFR 50.34(b)(2) for "A description ... of the facility ...
sufficient tc permit understanding of the system designs and their
relationship to safety evaluations."

? per 10 CFR 50.34(a), footnote 5.
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verification of vital power precedes other CSF verifications for
efficiency ("Reactivity Control"™ is the exception to this rule
for its primary safety significance, its passive safety
functionality, and for the importance of prompt response).

A second change is that "Indirect Radiocactivity Release Control"
has evolved to "Radiation Emission." This acknowledges that
releases from plant systems may reguire management to minimize
overall safety conseguences.

The third change is that "Containment Temperature and Pressure"
and "Combustible Gas Control"™ have been combined under the
heading "Containment Environment." This reflects not so much a
change in the reguired actions or the overall function, but that
their aggregation under a single concept remains coherent, but ir
more procedurally efficient.

The aforementioned modifications reflect changes in operation,
rather than design, and have been validated to be effective in
actual use on System 80 and other ABB~-CE plants. No additional
changes in the CSF rramework are planned for System 80+4. Thus,
CSFs have received only small evolutionary refinements, rather
than any ma“or changes, over the generations of Combustion
Engineering plant design.
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Table 1 - SBAFETY FUNCTIONS

System B0+ Functions

SYSTEM BO & SYSTEM B0+

l . ORIGINAL _ LIST (1980) ‘

Function

Reactivity Control

o Function

Shut reactor down to reduce heat production H Reactivity Control

Shut reactor down to reduce heat production

RCS Inventory Control

Maintain a conlant medium around core Maintenance of Vital

Auxiliaries

Maintain operability of systems nesded to
support safety systems

RCS Pressure Control

Maintain coolant medium in proper state RCs Inventory Control

Maintain 3 coolant medium around core

Core Heat Removal

Transfer heat out of core into coolant RCS Pressure Contrel
system medium

Maintain coolant medium in proper state

RCS Heat Removal

Transfer heat out of ceolant system medium Core Heat Removal

Transfer heat out of core into coclant system
med i um

Containment [solation

Close containment penetrations to prevent
radiation release

RLS Heat Removal

Transfer heat out of coclant gsystem mecium

Containment Temperatuyre
& Pressure Control

Avoid equipment damage & maintain
containment integrity

Containment [solation

Close containment penetrations to prevent
radiation release

Combustible Gas Control

Remove/redistribute H, to prevent fire or
explesicn & maintain containment integrity

Containment Environment

Contro! containment temperature gpressure,
hydrogen concentration, and radiation levels;
maintain contatnment integrity and minimize
potential release

Maintenance of Vital
Auxiliaries

Maintain aperahility of svete . nesded to
support safety systems

Radtation Emizsion

Control radiation relesce

Indirect Radipactivity
Release (ontrol

Contain misc. stored radioaziiviiy to
protect public and awgid Hetracting
operattrs Trom prot. tion o1 arger sources
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4.2 Success Paths

For each safety function there are multiple, diverse success
paths. A success path is a set of components and resource
commodities that is capable of satisfying a particular safety
function. The purpose of diverse success paths is to provide
multiple alternative means to accomplish a safety function goal
(see Figure 2). 1Individual success paths may have further
redundancy as well. This is part of the defense-in-depth
philosophy. Although each safety function has one or more
safety-grade success paths, additional success paths may be
afforded by non-safety grade systems. Success paths join safety
function to plant structure, providing a unitary framework tc
organize displayed information and integrate written procedures.
The System 80+ CSFs and their success paths are portrayed
graphically in Figure 3.

A high level "functional" comparison of the major success paths
for the System 80 and System 80+ CSFs is provided in Table 2.
Essentially, changes to the success paths have been few, and
reflect evolutionary improvements to the ABB-CE design. These
changes, are summarized briefly here and in Table 3:

a) Safety Depressurization - The Safety Depressurization System
consists of two major subsystems: 1) the Reactor Coolant Gas
Vent System (RCGVS), and 2) the Rapid Depressurization
System (RDS).

The RCGVS was part of the System 80 design, although its
success path function (depressurization to SCS entry
conditions during natural circulation cooldown) was not
credited in full for safety (System 80 also credited Aux
Spray; see Non-safety CVCS, below.)

The RDS can be used to depressurize the plant while using
S1S/DVI to inject water into the core. This accomplishes
heat removal via feed-and-bleed (i.e. “once-through
cooling”). RDS is an added success path for beyond-design
basis and severe accident scenarios. While it provides
increased redundancy and diversity of the RCS heat removal
success paths, its operation does not reguire freguent,
rapid, unigque, or complex actions, and it is not the
preferred means or a safety-credited system for this
function. Once-through cooling was formerly available using
PORVs manually on some earlier ABB-CE plants; the function
was removed when PORVs were eliminated from the design (see
D.6). Thus, though the RDS is itself new, its addition does
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System 80+ Functions

not represent a significant change of the System 80+
operators' role or responsibilities from that of System 80.

- H, Ignitors were not part of the System
80 design, but have been proven in operation on other
plants. They has been added to System 80+ for increased
redundancy and diversity of the Hydrogen control success
paths, and for severe accident management. They are not the
initial means of Hydrogen contrecl, their operation does not
require freguent, rapid, unigue, or complex actions, and
they are not credited as a safety system. Thus, the
incorporation of H, Ignitors in the design does not
represent a siqnificont change of the System 80+ operators’
role or responsibilities from that of System 50.

The feollowing differences apparent in Table 2 are not
operationally significant changes, from the CSF success path
perspective, between the System 80 and System 80+:

a)

b)

c)

Non-safety-grade CVCS - The System 80+ CVCS is no longer a
safety-grade system. In System 80, portions of the CVCS
system had to be safety grade because they were credited by
safety analysis for achieving certain functions. In
particular, CVCS was credited for borating at high pressure
(reactivity control), and depressurizing from high pressure,
via Aux Spray (RCS pressuvre contrel). In System 80+,
however, these functions receive credit via the SIS pumps,
and the Reactor Coolant Gas Vent System of SDS,
respectively. Thus, CVCS is not regquired to be a safety-
grade system; however, it remains available in System 80+ as
a success path for these functions.

Safety-grade Offsite Power - There are differences between

the System 80 and System 80+ electrical system
configurations, including some changes in nomenclature.
However, from the CSF success path perspective, the basic
function of the Startup Transformers (System 80) and the
Reserve Auxiliary Transformers (System B0+) are similar.
Both provide alternate off-site grid sources (separate from
the Unit Main Transiormer), as well as automatic fast bus
transfer from the Unit Main on loss of power.

Safety-grade Emergency Feedwater - The Emergency Feedwater
System has not changed slqn1f1cant1y from System 80 to
System B0+. However, it has in the past been referred to as
the Auxiliary Feedwater System at sites where Westinghouse
plants already exist, for consistency.
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Thus, the CSF Success Paths have changed little, consistent with

the evolutionary nature of the plant. Additional details are |
provided in Section 4.3; ir generai, however, the detailed design

of physical systems and their operation are beyond the scope of

the present analysis.
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Table 2 - BUCCESS8 PATHS8 (Based cn CEN-152 and CESSAR-DC,

SAFTTY  GRADE ? NON-SAFETY  GRADE
7_ System 80+ L systen 80 System B0+
Reactivity Reactor trip Reactor trip = Rod control Rod control
Contro! Safety injection - Safety injection
~ C¥CS boration CVES poration

Maintenance of
Vital Auxiliaries

Emergency diesels
Startup xfmrs
Station bhatteries

fmergency diesels

- Reserve Aux xfmrs

Station batteries

‘

Unit xfm- backfeed
Alternate generator
Station batteries

Unit xfmr backfeed
Alternate generator
Station batteries

| res inventory
i Control

~ Safety injection

Safety injection

CVES charging & letdown

CVCS charging 3 Tetdown

: RCS Pressure
Controil

Safety injection
Hx coolant gas vent
CVLS aux spray
Primary reliefs

- Safety injection
< Bx coolant gas vent

- Primr‘y reliefs

PIR heaters & sprays
CVES charging & letdown

56 3. ing

PIR heaters & sprays

- CVCS charging & letdown
< VLS aux spray
- 56 steaming

| Core Heat Remusl

Natural circulation
Safety injection

- Natural circutation
- Safety Injection

Forved circulation

« Forced circulation

| BCS Meat Removal

Emergency (Aux) feed

- Shutdown cooling

- fmerge.cy feed

Rapid depressurization

- Shutdown cooling

Main feed
Startup feed

Main feed

- Startup feed

Containment

Penetration flowpath - Penptration flowpath | - Penetration fivwpath Penetration flowpath
isolation isplation isolation I control control
Containment - Containment spray - Containment spray i - Fan coolers - Fan conlere
Envirosment H, recombiners = Wy vecombiners I - H, purge < W, purge
| - Wy igniters

- Release path isolation

Il Radiation - Release path isolation
fmiszion =R ~
NPXB80~IC-RR7920-02

Revision 01

b=

- Release path menitoriag &

cortrol

- Belease path monitoring &
contro!

24 of 63




System 80+ Functions

Table 3 - CSBF BUCCESS PATHS: FUNCTIONAL DESIGN STATUS

CSF SUCCESS PATH UNCHANGED MODIFIED Niw DELETED
S S
r REACTIVITY CONTROL Reactor Trip X
[ Safety Injection ¥
l Rod Control X
} — CVCS Boration X
VITAL AUXILIARIES Emergency Dieseis ¥
Reserve Aux Xfmrs X ]
Station Batteries x
Unit Xfmr Backfeed X
} 1 Alternate Generstor >
RCS INVERTORY CONTROL Safety Injection

_C¥CS Chargs

RCS PRESSURE CONTROL Safety Injectsan

Reactor Coolant Gas Vent

Primary Reliefs

FIR Heaters & Sprays X
r VLS Charging & Letdown X
[ 56 Steaming ¥ I

X e -

CORE HEAT REMOVAL Forced Circulation ¥
I Netural Circulation % I
l Safety Injection X _—
RCS HERT REMOVAL Main Feed X
Startup Feed X J
Emergency Feed ) |
Rapid Depressurization 3
. o Logi
CONTAINMENT 1SOLATION Fenetration Path iso X
Peretration Path Untl X 1 J
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Table 3 - CSBF SUCCESS PATHS: FUNCTIONAL DESIGN STATUS

CSF SUCCESS PATH UNCHANGE D WODIFIED Niw DELEYED
e . = = 5=
CONTAINMENT EWVIRONMENT Containment Spray X ]
Fan Coolers X
H, Purge X
I H. Recombiners X ]
H, Igniters ¥
et L, e
RADIATION EMISSION Release #ath Isclation X
I Release Path Control ¥ H
L = = ,
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4.2 Operators' Role and Safety Functions

The operator, along with automated systems and inherent and
passive plant features, is part of the defense-in-depth approach
to assure that safety functions are maintained. Specifically,
the operators' role in executing safety functions (Reference 10)
can be summarized as fellows:

1) monitor the plant tc verify that the safety functions are
accomplished;

2) actuate and control those systems that are not fully
automated;

3) intervene where the automatically actuated systems are not
operating as intended.

Item 2) above represents primary manual allocations (i.e., to
human operators); Item 1) represents a supervisory role; Item 3)
represents backup manual allocations (implying that the design
provides automatic, passive or inherent system features as a
first line of defense. Manual and autcomatic allocations in
safety system operation are identified in the present Section of
this report. Detailed specification of the operators' role in
executing safety functions is provided by the actions and
contingencies of the Emergency Procedure Guidelines.

After reviewing the reguirements identified in Section 2.0, and
the resulting criteria in Section 3.3, it is evident that the
design process has sought to remove the need for the operator to
respond with immediate control actions at the onset of events.
This approach increases reliability of overall system protective
acticns by 1) reducing reliance on sustained human vigilance, and
2) reducing time stress on human performance, which induces
errors. Further allocation decisions tend to be based on
experience and precedent.
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4.4 Allocation Data

To evaluate the acceptability of allocations to the operators'
safety role, Table 4 provides a summary of the System 80+ safety
function allocations in comparison to the Section 3.3 criteria.

The data fields of Table 4 are defined as follows:

-

Critical Punctions & SBuccess Paths - Per the contents of Tables 1
and 2.

Protective System or Commodity? - Whether or not this is a system
relied on (i.e., credited) by CESSAR-DC Chapter 15 safety
analyses to mitigate DBEs by performing the specified safety
function.

10 CFR S0 Allocation Regquirements - General or specific
allocation requirements from 10 CFR 50 as summarized in Section

2.1 of the present report.

NUREG/CR~3331 Allocation Regquirements - The acceptance path
resulting from application of the criteria in Appendix B of the
present report.

Auto Init - The egquipment-generated (i.e., automatic) Protective
Action that initiates a Protective System to achieve the Safety
Function.

Manual Init - Whether or not the operator is afforded a means to
manually initiate the Protective Action.

Control - After initiation, the manual and automatic elements of
a control system configuration maintain the safety function
throughout the limiting DBE. These are categorized as follows:

1) Automatic (Auto) - A configuration that is completely
automatic, i.e., without means for manual action to execute
the basic function.

2) Parallel (Par) - A configuration affording both manual and
automatic control modes in which the operator has discretion
to provide manual input at any time, but not to defeat the
eguivalent automatic processing (excluding resets and
opera*ing bypasses; e.g., reactor trip initiation). This
strategy tends to increase the likelihood of executing the
function.

3) Alternate (Alt) - A configuration affording both manual and
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automat.c control modes in which the operator has discretion
over which mode of contrel is in use (e.g., pressurizer spray
control). This strategy tends to provide increased
flexibility to the operator (e.g., to balance workload or
manage unusual conditions).

4) Complementary (Comp) - A configuration in which there is
sharing of responsibilities between the human and machine
components. While there may be some functional overlap, there
is not complete redundancy. (An example is the use of S1 for
heat removal. SI is not initiated automatically in response
to degraded core heat removal conditions, per se. If
initiated, the automatic alignmment of SI is sufficient for
initial core heat removal. However, the SI configuration must
be manualiy adjusted and realigned to suit plant conditions.

5) Manual - A fully manual configuration (i.e., other than
transmission); all actions are executed on plant eguipment by
operators.

The mixed configurations (parallel, alternate, and complementary)
are depicted schematically in Figure 4.

Justification for solely manual init/cntl of protection (IEEE
603-1991) - For protective systems, an explanation of wny some
portion of achieving a safety function has not been automated.
This is provided, as required, for the protective systems whose
control responsibilities are described as either Alternate,
Complementary, or fully manual (Parallel implies manual control
is redundant to fully automatic control). Also used as an
overall comment field, as indicated.

Additional explanation of the CSF success paths and their
allocations, and the allocation rationale (in terms of satisfied
Appendix B criteria), is provided in the remainder of this
Section.

A. Reactivity Control

2.1 Reactor Trip - Reactor trip is a protective f :ature whose
rapid and reliable initiation is of the utmost i1 portance to

safety. Automatic initiation of reactor trip is mandatory,
and occurs in response to RPS or APS trip signal.s (see
Reference 4, Sections 7.2 and 7.7.1.1.11, respectively);
manual initiation is also provided to enable operators to
perform assigned supervisory and backup rcles. Operator
actions will be performed under normal MCR habitability
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conditions. As a discrete function, Reactor Trip has no
continuous control component to be allocated. These System
80+ zllocations are unchanged from those in System 80.

A.1 Allocation Rationale: Automation is mandatory because of
sustained wonitoring and rapid response time reguirements
{ib), federal regulations (1c), and the need to assurz plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
initiation is desirable for flexibility and reliability (9d &
Se) .

A.2 Safety Injection - The S]I system performs Reactivity
Control by direct high pressure injection of borated water
into the Rx vessel. This occurs automatically, when a SIAS is
generated by the ESF system. Note that SIAS is not generated
automatically in corder to shut the reactor down, per se;
however, S1 boration rate is sufficient to maintain shutdown
margins even if the reactive rod were ejected fro. the core
(see Chapter 7, Reference 4). Manual initiation is provided
to enable operators to perform assigned supervisory and backup
rcles. Following initiation, operators have the
responsibility to evaluate, adjust, and/or terminate SI.

These System 80+ allocations are unchanged from those in
System 80.

A.2 Allocation Rationale: Automation is preferable based on
precedent (5a), and in preference to human performance (5b)
based on characteristics cf the function (e.g., per 7a, 7b,
7d, 7e). Manual operation is desirable for flexibility and
reliability (94 & %e).

A.3 i v t i - The CVCS can be
used to inject borated water intc the RCS. However, it is a
relatively slow, long-term means of adjusting core reactivity,
and is not a credited safety system for Reactivity Control.
Boration is not a standard lineup for the CVCS, and it is
performed and initiated manually from the control room.
However, once aligned, the CVCS can be operated in either
automatic or manual modes. These System 80+ allocations are
unchanged from those in System 80.

A.3 Allocation Rationale: The function is suitable for
allocation to the operator (8a, 8b, & Bc).

2.4 Rod Contrel - Rod control provides a backup success path

that can be used if rod(s) stick or otherwise fail to return
to their bottom travel positions following a reactor trip.
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Thig is accomplished by reshutting the trip breakers and
energizing the rod drive mechanisms, then attempting to
actively drive the rods inward using the rod control system.
The rod control system is not a protective means of reactivity
insertion, it is not a credited safety system for Reactivity
Control, and the execution of this task is fully manual.

These System 80+ allocations are unchanged from those in
System BO.

A.4 Allocation Rationale: Given the suitability of the
associated tasks (e.g., per 8a, 8b, & 8c), human performance
is clearly preferable for this application (6a, or 3b) due to
the need to deliberately shut the Reactor Trip Breakers as
part of the process.

B. Vital Auxiliaries

The configuration of equipment and resource commodities used to
maintain Vital Auxiliaries is part of the overall design of the
electrical system. Electrical system design and operation is
explained in Chapter 8 of CESSAR-DC (Reference 4).

B.1 Emergency Diesel Generators - Emergency DG operation is
initiated automatically on Loss of Offsite Power, and by SIAS
or EFAS signals. Startup and vital lcading are performed by
autcmatic load seguencing. Manual startup and loading is also
possible. Given automatic initiation, the operator is
responsible to evaluate continued DG operation, modify its
loading as necessary {(particularly to satisfy subseguent
CSFs), and transfer fuel oil to Fuel System (befcre the seven
day fuel supply is exhausted; see Section 9.5.4.1.1 of
Reference 4). The auto seguencer must complete its function
before sequenced loading can be manually modified. Operator
actions will be performed under normal MCR habitability
conditions. These System 80+ allocations are unchanged from
those in System B80.

BE.1 Allocation Rationale: Automation is mandatory because of
federal regulations (lc), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
prover (2a) and pragmatically available (2b). Manual
operation is desirable for flexibility, reliability, and
management of unusual conditions (9d, %e, & 9f).

B.2 Reserve Aux Transformers - The Reserve Aux Transformers
provides an offsite supply grid connection that is separate

from the Unit Main Transformer grid. Use of the Reserve Aux
Transformer is automatically initiated via fast bus transfer
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on loss of the Unit Main Transformer. Manual transfer is alsc
peesible. The operator is responsible to evaluate the
electric plant and modify its loading and configuration as
necessary (particularly to satisfy subseguent CSFs). Operator
actions will be performed under normal MCk habitability
conditions. These System 80+ allocations are unchanged from
those in System 80.

B.2 Allccation Rationale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
(1b), federal regulations (1c), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
operation is desirable for flexibility, reliability, and
management of unusual conditions (9d, 9%9e, and of).

B.3 Vital Station Batteries - Vital Station Batteries are

normally on their bus in some form of standby charging or
discharging operation. Thus, "initiation" is to place or
retain the battery on the bus; “control® is to load or unload
the bus. On loss of vital AC power, initial loading
established by auto trips and load shedding. No immediate
operator action is reguired. However, the operator will
evaluate operating conditions, and will shed unnecessary loads
manually to extend battery life from 2 to 8 hrs (see Section
8.3.2.1.2.1.2 of Reference 4) while taking steps to restore AC
power. Operator actions will be performed under normal MCR
habitability conditions. These System 80+ allocations are
unchanged from those in System 80.

B.2 Allocation Rationale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
(1b), federal regulations (1c), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
operation is desirable for flexibility, reliability, and
management of unusual conditions (%4, %e, & 9f).

- System 80+ provides a permanently
installed Alternate Generator (i.e., a combustion turbine) as
a separate and diverse source of onsite generating capacity.
This increases the redundancy and diversity of the AC power
success paths in System 80+. Alternate Generator operation is
initiated automatically on LOOP (along with Diesel Generator
initiation). Loading is by autc seguencing of permanent non-
vital bus loads; however, vital bus loads can be assumed
manually if DGs fail. The operator is responsible to evaluate
continued Alternate Generator operation, and modify its

NPXBO-IC~-RR790~-02 Revision 01 33 of 63



System 80+ Functions

loading as necessary. The Alternate Generator is not credited
as a safety system for Vital Auxiliaries. The System 80
design did not include a permanently installed Alternate
Generator, although they have been provided as options. The
allocations of Alternate Generator control are consistent with
those for DG control in System 80 and System 80+.

B.4 MAllocation Rationale: Since this is described in Table 3
as a "modified" success path, the steps through the criteria
of Appendix B are given in full:

1. Is automation mandatory?

a. Are working conditions hostile to humans: No

b. Are tasks included which humans cannot perform: No

c. Is automation required by law or regulations: No

d. Is automation required to assure plant safety or
protection: No

No (all) - Go tec step 3.

3. Is human performance mandatory?

a. Is automation technically infeasible: No

b. Is human required to retain policy-level or ultimate
control: No

c. Is human required by law or regulation: No

No (all) - Go to step 5.

S. Is automation clearly preferable to human operators?

a. Is automation technology well-established as suitable
(i.e., effective, reliable, cost-effective, etc.): VYes

b. Is human performance acknowledged as less satisfactory:
Yes (due to time requirements of Alternate Generator S/U)

Yes (all) - Tentatively allocate to auto; go to step 9.

9. Reconsider the tentative automatic allocations in terms

of their negative impact on human operator performance.

a. ¥Would manual performance of the task help to keep the
operator engaged with the plant, informed of process
status, or prepared to plan and solve problems: No

b. Would manual performance of the task provide the operator
with important opportunities to develop or maintain
valuable skills or knowledge: No

€. Will absolute implementation of the automatic feature(s)
contribute to operator underloading (e.g., boredom): No

d. Would the option for manual control from the control room
afford desired flexibility: Yes

e. Would the option feor manual control from the control room
afford mcre reliable performance of the function: Yes

f. Would the option for manual contreol frem the control room
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be desirable for testing, maintenance, or management of

off-normal conditions: Yes
Yes {(any) - Make a tentative allocation to automation with
operator discretion. If operator discretion is subordinate
(man may initiate but not override automatic action), go to
step 12 (Step 12, "Consider the residual role of the hunan
operator in support of the automated function," alludes to
detailed design tasks that are addressed during human-system
interface design.)

B.5 Unit Main Transformers - The Unit Main Transformer

provides a connection to an offsite supply grid tnat is
separate from the Reserve Aux Transformer grid. The Unit Main
is the default offsite AC power source, and is not credited as
a safety system for Vital Auxiliaries. Normally, at power,
the Unit Main Transformers are on line connecting the plant
electrical system to supply power to the offsite grid; on
turbine trip, the Main Transformer breakers remain shut,
allowing power to be drawn from the grid to supply plant
electrical demands (i.e., "backfeed"). The operator is
responsible to evaluate the electric plant and modify its
loading and configuration as necessary. These System 80+
allocations are unchanged from those in System 80.

B.5 Allocation Rationale: The function is suitable for
allocation to the operator (8a, 8b, & BcC).

. -Vj i - Non-Vital Station Batteries
are normally on their bus in some form of standby charging or
discharging operation. Thus, "initiation" is to place or
retain the battery on the bus; "control" is to load or unload
the bus. Non-vital station batteries ar2 not credited as a
safety system for Vital Auxiliaries. On loss of non-vital AC
power, initial loading established by auto trips and load
shedding. No immediate operator action is regquired. However,
the operator will evaluate operating conditions, and will shed
unnecessa~y load® manually to extend battery life while taking
steps to 1estore AC power. These System 80+ allocations are
unchanged from those in System 80.

B.6 Allocat.»n Ratjonale: Automation is mandatory because of
sustained monitoring and rapid response time requirements
{(1b). Automation is 1easible, i.e., technically proven (2a)
and pragmatically available (2b). Manual operation is
desirable for flexibility, reliability, and management of
unusual conditions (9d, %e, & 9f).
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RCE Inventory Control

- The SI system performs Inventory
Contrel by direct high pressure injection of borated water
into the Rx vessel (see Section 6.3, Reference 4). This
occurs automatically, when a SIAS is generated by the ESF
system (see Section 7.3, Reference 4), or passively, if RCS
pressure falls below SIT pressure. Manual initiation is also
provided to enable operators to perform assigned supervisory
and backup roles. Following initiation, operators have the
responsibility to evaluate, adjust, and/or terminate SI;
however, after initiation, operation can continue for one to
three hours without manual intervention (Reference 4, Section
6.3.3.4). Operator actions will be performed under normal MCR
habitability conditions. These System 80+ allocations are
unchanged from those in System 80.

C.1 Allocation Rationale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
(1b), federal regulations (1lc), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
operation is desirable for flexibility, reliability, and
management of unusual conditions (94, %e, & 9f).

’ v i - The CVCS
can be used to inject water into the RCS. However, it is a
long term, relatively slow, backup means cof adding core
inventory, and is not a credited safety system for Inventory
Control (see Section 9.3.4, Reference 4). CVCS is initiated
manually from the control room. However, once initiated, the
CVCS can be operated in either automatic or manual modes.
These System B0+ allocations are unchanged from those in
System 80.

C.2 MAllocation Rationale: The function is suitable for
allocation to the operator (8a, 8b, & 8c).

RC8 Pressure Control

e ! - The SI system performs Pressure
Control by high pressure injection of borated water into the
RCS (see Section 6.3, Reference 4). This occurs
automatically, when a SIAS is generated by the ESF system (see
Section 7.3, Reference 4), or passively, if RCS pressure falls
below SIT pressure. Manual initiation is also provided to
enable operators to perform assigned supervisory and backup
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roles. Following initiation, operators have the
responsibility to evaluate, adjust, and/or terminate SI;
however, after initiation, operation can continue for one to
three hours without manual intervention (Reference 4, Section
6.2.3.4). Operator actions will be performed under normal MCR
habitability conditions. These System 80+ allocations are
unchanged from those in System E&O.

D.1 Allocation Ratiomale: »Autonation is mandatory because of
sustained monitoring and rapid response time regquirements
{ib}, federal regulations (lc), and the need to assure plant
protection (id). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
operation is desirable for flexibility, reliability, and
managemant of unusual conditions (9d, %Se, & 9f).

- The Reactor Coolant Gas Vent
System (RCGVS) is a portion of the SDS. It permits contreolled
RCS depressurization to SCS entry conditions during natural
circulation cooldown scenarios (see Section 6.7, Reference 4).
Rapid response of this function is not required, since
cooldown typically takes 8-12 hours. Thus, automatic
initiation is not necessary or even desirable. Instead,
operators have responsibility to initiate and control RCS
depressurization by the RCGVS. Operator actions will be
performed under normal MCR habitability conditions. Manual
operation of RCGVS in System 80+ is an unchanged allocation
from System 80, although System 80 credited Aux Spray for
permitting depressurization with natural circulation.
Likewise, Aux Spray was manually allocated in System 80, and
remains so in System 80+. Thus, these System 80+ allocations
are unchanged from System 80.

D.2 Allocation Rationale: Automation could be argued tc be
mandatory because of general regulations for automatic
protective actions under GDC 20 (ic). However, although this
is a credited safety system, it is not required to make
immediate or rapid (i.e., protective) responses in its safety
role. In addition, the uncertain conditions of its use, and
concerns for inadvertent initiation make human performance

preferable (6).

D.3 PZR Heaters & Sprays - Normal RCS Pressure Contreol is
provided by the operation of PZR heaters and sprays to control
PZR saturation conditions. This system is described as
manually initiated in that it is operated in either automatic
or manual modes at operator discretion; normally it would be
on line in auto. It is not credited as a safely syster for
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RCS Pressure Control. These System 80+ allocations are
unchanged from those in System 80.

D.3 Allocation Rationale: Automation is preferable because
of the repetitive and predictable nature of the function (5);
the system is normally left on-line to cycle in autcmatic.
However, manual cperation affords necessary flexibility and
improved reiisbility (94-f).

D.4_ Charging & Volume Control - The CVCS provides PZR Aux

Spray as an alternate means (i.e., during natural circulation
cooling, without RCP head to provide PZR Main Spray) to reduce
RCS pressure urder saturated PZR conditions. CVCS can also be
used to control RCS pressure with a solid PZR by adjusting RCS
inventory. The CVCS is not a credited safety system for
Pressure Control. CVCS operation is initiated manually from
the control room. The CVCS can be operated in either

- automatic or manual modes, but manual mode is specified for
solid plant operations due to the possibility of rapid
pressure excursions. Although the System 80+ CVCS 1s a fully
non-safety system (a change from System 80; see Section 4.2)
the operation of the CVCS, and the allocation of these System
80+ functions, are unchanged from those in System 80.

D.4 Allocation Raticnale: The uncertainty of conditions
involved in the need for or control of RCS Pressure via CVCS
make human performance preferable (6).

D.5 SG Steaming - Controlled heat removal through the SGs
{see Section 10, CESSAR~DC) can be used to contreol RCS
pressure, particularly when solid, by manipulating (i.e.,
contracting) available RCS inventory. Steaming and feeding
in this case are initiated and controlled manually from the
contrel room to avoid excessive pressure excursions. The Sgs
are not a credited safety system for RCS Pressure Control.
These System 80+ allocations are unchanged from those in
System 80.

D.5 Allocation Rationale: The uncertainty of conditions
involved in the need for or control of RCS Pressure via SG
Steaming make human performance preferable (6).

D.6 Pressure Reliefs - Design basis overpressure relief for

vessel protection is provided without the option for manual
initiation. Some older units (predating System 80) used
Power-Operated Relief Valves; PORVs permitted both manual and
automatic operation. However, experience has dictated a
return to more simple and standard (i.e., hydromechanical)
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relief valve designs in recent plants (including System 80).
Thus, these System 80+ allocations are unchanged from System
80.

D.€ Allocation Rationale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
(ib), federal regulations (1c), and the need to assure plant
protection (1d). Autcmation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual
operation is not necessary or desirable.

E. Core H=at Removal

E.1 Natural Circulation - Initiation and control of natural

circulation flow are essentially passive (eguivalent to
automatic) functions. The operator has responsibility to
evaluate Heat Removal performance, and to maintain an
effective heat sink. Operator actions will be performed under
normal MCR habitability conditions. These System 80+
allocations are unchanged from System 80.

E.1 Allocation Rationale: Automation can be viewed as
mandatory because of federal regulations (l1c), and the need to
assure plant protection (1d). Automation is feasible, i.e.,
technically proven (2a) and pragmatically available (2b). As
a passive function, manual operation can be viewed as either
implicit, or inapplicable.

- Initiation of forced
circulation (i.e., RCP flow) is manual (the discrete “pump
run"® function has no continuous contreol component). <Core Heat
Removal via forced circulation is the normal means of Core
Heat Removal during operations, but is not credited for
safety. These System 80+ allocations are unchanged from
System B80.

E.2 Allocation Rationale: The function is suitable for
allocation to the oparator (8a, 8b, & 8c).

e i - The SI system performs Core Heat
Removal by direct high pressure injection of borated water
into the Rx vessel. For DBEs, unavailability of natural
circulation may imply RCS pressure or inventory problems, and
SI actuation is thus a resultant possibility. However, DVI is
not the preferred means for Core Heat Removal, and SIA{ is not
generated in response to Heat Removal problems, per se.
Following either automatic, passive, or manual SIAS
initiation, the DVI lineup is automatically established;
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operation can then continue for one to three hours without
manual intervention (Reference 4, Sections 6.3.2.7 & 6.3.3.4).
The operator has responsibility to evaluate Core Heat Removal
performance, to modify the SI lineup to suit plant conditions, |
and to maintain effective RCS Heat Removal. Operator actions
will be performed under normal MCR habitability conditions.
Changes to the SI injection points are improvements in the
physical plant configuration; however, the related System 80+
allocations are unchanged from System 80.

E.3 Allocation Rationale: 2Automation could be argued to be
mandatory because of general regulations for automatic
protective actions under GDC 20 (1c). However, although this
is a credited safety system, it is not required tc make
immediate or rapid (i.e., protective) responses in its safety
role. The uncertainty of conditions inveolved in the need for
or performance of Core Heat Removal via SIS make human
performance preferable (6).

F. RCS Heat Removal

F.1 Main Feed - The Main Feed system provides heat removal
for the RCS using the 5Gs and Main Feed Pumps. This is the
normal means of heat removal for power operation. It is
initiated manually, but may be controlled in either manual or
automatic modes. Main Feed is not a credited safety system.
These System 80+ allocations are unchanged from those in
System 80.

F.1 Allocation Rationale: The function is suitable for :
allocation to the operator (8a, 8b, & 8c). :

F.2 Startup Feed - The Startup Feed system provides heat
removal for the RCS using the SGs and Startup Feed Pump. This
is the normal means of heat remocval for very low power (0 to
5%) operation. Startup Feed is automatically initiated on
reactor trip with complete loss of MFW, providing diversity
and defense in depth against total loss of feed. The systen
can also be manually initiated and controlled. Startup Feed
is not a credited safety system. The addition of automatic
initiation and contreol of Startup Feed is a change to the
prior System 80 allocation.

F.2 Allocation Rationale: Since this is described in Table 3

as a "modified" success path, the steps through the criteria
of Appendix B are given in full:
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1. Is automation mandatory?

a. Are working conditions hostile to humans: No

b. Are tasks included which humans cannot perform: No

c. Is automation reguired by law or regulations: No

d. Is automation required to assure plant safety or
protection: No

No (all) - Go to step 2.

3. Is human performance mandatory?

a. Is automation technically infeasible: No

b. Is human required to retain policy-level or ultimate
contrel: No

c. Is human required by law or regulation: No

No (all) -~ Go to step 5.

5. 1Is automation clearly preferable to human operators?

a. Is automation technology well-established as suitable
(i.e., effective, reliable, cost-effective, etc.): Yes

b. Is human performance acknowledged as less satisfactory:
Yes (due to risk reduction and utility reguirements)

Yes (all) - Tentatively allocate to auto; go to step 9.

9. Reconsider the tentative automatic allocations in terms

of their negative impact on human operator performance.

a. Would manual performance of the task help to keep the
operator engaged with the plant, informed of process .
status, or prepared to plan and solve problems: Yes

b. Would manual performance of the task provide the operator
with important opportunities to develop or maintain
valuable skills or knowledge: No

c. Will absolute implementation of the automatic feature(s)
contribute to operator underloading (e.g., boredom): No

d. Would the option for manual control from the control room
afford desired flexibility: VYes

e. Would the option for manual ccntrel from the control room
afford more reliable performance of the function: No

f. Would the option for manual control from the contrel room
be desirable for testing, maintenance, or management of
off-normal conditions: Yes

Yes (any) - Make a tentative allocation to automation with

operator discretion. If operator discretion is subordinate

{man may initiate but not override automatic action), go to

step 12 (Step 12, “Consider the residual role of the human

operator in support of the automated function," alludes to
detailed design tasks that are addressed during human-system
interface design.)

NPXBO=-IC~-RR790~02 Revision 01 41 of 63



System 80+ Functions

- The Emergency Feedwater system assures
that secondary plant heat removal capacity remains available
if normal feedwater sources arv lost. Initiation of EFW
occurs automatically when an EFAS is generated by the PPS;
manual initiation is also provided to enable operators to
perform assigned supervisory and backup roles (this satisfies
specific reguirements of Section 2.1.2.b). EFW control
requires no operator intervention until .5 hrs after limiting
DBE (CESSAR-DC 10.4.9); operators have the responsibility to
operate ADVs, ensure adeguate level in the Sgs, provide makeup
to the EFWSTs, and evaluate, adjust or terminate EFW function.
Operator actions are performed under normal habitability
conditions. These System 80+ allocations are unchanged from
those in System BO.

F.3 Allocaticn Rationale: Automation is mandatory because of
sustained monitoring and rapid response time requirements
(1b), federal regulations (1c), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2b). Manual

initiation is desirable for reliability (%e).

- The RD portion of the SDS
can be used to depressurize the plant while using SIS/DVI for
Core Heat Removal. This accomplishes heat removal via feed-
and-bleed, alsc known 2s "once-through cooling." It is not
the preferred means for RCS Heat Removal, and it 1s not a
credited safety system for controlling RCS heat removal on
System 80+. However, if no Sgs are available for steaming
(i.e., total loss of feed, a beyond-design-basis event) then
this provides an added, diverse success path. The operator
has responsibility to evaluate and control RCS Heat Removal
performance, and to maintain an adeguate RCS inventory.
Contro! of RD itself is a discrete function (i.e., start/stop
only; no throttling). Operator actions will be performed
under normal MCR habitability conditions. Once-through
coecling using PORVs was available on some earlier ABB-CE
plants. However, due to PORV problems, they were eliminated
from newer designs (see D.6), and cnce-through cocling was not
atforded on System 80 (i.e., not at Palo Verde; however, RD is
being installed in Korea). The manual allocation of the RD
"bleed® function in System 80+ is consistent with similar
allocations in preceding ABB-CE plant designs.

F.4 Allocation Rationale: Since this is described in Table 3
as a "new" success path, the steps through the criteria of
Appendix B are given in full:
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1. Is automation mandatory?

a. Are working conditions hostile to humans: No

b. Are tasks included which humans cannot perform: No

c. Is automation required by law or regulations: No

d. Is automation reguired to assure plant safety or
protecticn: No

No (all) -~ Go to step 3.

3. Is human performance mandatory?
a. Is automation technically infeasible: No
b. Is human reguired to retain policy-level or ultimate
control: Yo (The distinction between this guestion
and 3a is somewhat subjective.)
c. Is human required by law or regulaticn: No
Ko (all) - Go to step 5.

5. Is automation clearly preferable to human operators?

a. Is automation technology well-established as suitable:
No

b. Is human performance acknowledged as less satisfactory:
No

No (any) - Go to step 6.

€. Is human performance clearly preferaktle to automation?

a. Is human performance regarded as clearly necessary, or
superior to automation: Yes (given the suitability of
the reguired tasks, and due to the uncertain conditions
of the use of RD and the concerns for spurious
actuation.)

Yes - Allocate to human; go to step 11. (Step 11, "Consider

residual automated and control system support for the

operator," alludes tc detailed design tasks that are
addressed during human-system interface design.)

F.5 Shutdown Cooling - SCS is not initially useful as success
path in DBEs initiated from higher mode operation; SCS is

placed on line as part of the normal transition to lower
modes. Rapid initiation of SCS is not reguired (cooldown to
SCE entry conditions typically takes 8-12 hours); on the other
hand, spurious system actuation would be problematic. Thus,
automatic actuation is not necessary or even desirable, while
manual actuation is acceptable. Operator actions will be
performed under normal MCR habitability conditions. Certain
changes have been made to the SCS design from System 80 (e.g.,
it no longer shares pumps with SI, and has a higher pressure
rating, permitting removal of a suction valve trip that was a
chronic cause for loss of SCS; see Reference 4, Chapter 5).
However, these are improvements in the physical plant
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configuration; the related System 80+ allocations are similar
to those in System 80.

F.5 Allocation Rationale: Automation could be argued to be
mandatory because of general regulations for automatic
protective actions under GDC 20 (1c). However, although this
is a credited safety system, it is not required to make
immediate or rapid (i.e., protective) responses in its safety
role. In addition, the uncertain conditions of its use, and
concerns for inadvertent initiation make human performance
preferable (6).

Containment Isclation

G.1 FPenetration Flowpath Isclation - Containment Flowpath
Isolation is performed by automatically shutting containment

isolation valves on CIAS actuation. CIAS may alsoc be actuated
manually, to enable operators to perform assigned supervisory
and backup roles. CIAS does not shut penetrations used for
accident mitigation, RCP operation, or safe shutdown; these
are isolated manually, if necessary. If a CIAS is actuated,
explicit manual reset is required before any cf the flowpaths
can be reopened (to prevent inadvertent release, per 10 CFR
$0.34(f) (2) (xiv)); subseguent recpening of the valves must
also be done manually (remote manual controls are provided for
all automatically isolated valves). As a discrete function
(i.e., shutting the valves), Containment Flowpath Isolation
has no continuous control component. Operator actions are
performed under normal MCR habitability conditions. These
System 80+ »llocations are unchanged from those in System 80.

G.1 2llocation Rationale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
(1b), federal regulations (l1c), and the need to assure plant
protection (1d). Automation is feasible, i.e., technically
proven (2a) and pragmatically available (2bk). Manual
initiation is desirable for reliability (9%e).

- Containment Flowpath
Control is performed by 1nd1v1dua11y selecting and shutting
containment isclation valves using component control systems.
This is fully manual, enabling operators to perform assigned
supervisory and backup roles, and providing flexibility and
reliability in the overall system. If a CIAS has already
actuated, the CIAS must be manually reset before any of the
flowpath control valves can be reopened (to prevent
inadvertent release, per 10 CFR 50.34(f)(2)(xiv)). As a
discrete function (i.e., to shut the valves), Ccntainment
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_Recombiners - The H, Recombiners are a postable,
externally connected means to maintain Hydrogen levels within |
limits in a sealed Containment Environment under anticipated F
accident conditions. They are not the initial success path
for containment Hydrogen contreol. H, Recombiners are manually
aligned and started, by procedure, within 72 hours feollowing a
LOCA. After startup, the H, Recombiners run continuously;
operators are responsible to evaluate and/or terminate
continued H, Recombiner operation. Operator actions will be
performed in the Nuclear Annex Building under acceptable post-
accident habitability conditions. These System 80+
allocations are unchanged from those in System BC.

H.2 Allccation Rationale: Automation could be argued toc be
mandatory because of general regulations for automatic
protective actions under GDC 20 (1c). However, although this
is a credited safety system, it is not reguired to make
immediate or rapid (i.e., protective) responses in its safety
role. The function is suitable for allocation to the operator
(ga, 8b, & 8c).

" _Purge - H, Purge is a permanently installed means to
control contalnnent Hydrogen levels. H, Purge is accomplished
using portions of the Annulus Ventllatxon Systen, and the
Containment Low Volume Purge System. H, Purge is manually
initiated. After startup, operators are then responsible to
evaluate, adjust, and/or terazinate H, Purge operation; H, Purge
is automatzcally isclated on CIAS actuatxon. This function
does not reguire any immediate or rapid responses, and
operator actions will be performed under normal MCR
habitability conditions. This is not a credited safety
system. Althouch the containment annulus vent system is part
of an improved containment design for System 80+, these
allocations for the System 80+ H, Purge success path are
unchanged from those in System 80.

H.4 Allocation Rationale: Given the suitability of the
associated tasks (e.g., per Ba, 8b, & 8c, or 4), human
performance is preferable for this application (6a, or 3b &
3c) due to the potential for inadvertent release during a
severe accident.

_Ignitors - The H, Ignitors are a permanently installed
means to maintain Hydroqen levels within limits in a sealed
Containment Environment. If H, Purge and Recombiners are not
available, H, anztors can be nanually started on indication of
high Hydroqen levels in containment. After startup, operators
then are responsible to evaluate, adjust, and/or terminate H,
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Ignitor operation. Operator actions will be performed under
normal MCR habitability conditions. This success path was not
part of the System 80 design, but has been proven in operation
on other systems. It has been added for System 80+ for
increased redundancy and diversity of the Hydrogen control
success paths. It is not a credited safety system. This does
not represent a significant change of the System B0+
operators' role or responsibilities from those in System 80.

H.5 Allocation Raticnmale: Since this is describeo in Table 3
as a “"new" success path, the steps through the criteria of
Appendix B are given in full:

1. 1s automation mandatory?

2. Are working conditions hostile to humans: No

b. Are tasks included which humans cannot perform: No

c. 1s automation regquired by law or regulations: No

d. Is automation regquired to assure plant safety or
protection: No

No {all) - Go to step 3.

3. Is human performance mandatory?
a. Is automation technically infeasible: No
b. Is human required to retain pelicy-level or ultimate
control: No (The distinction between this guestion
«nd 3a is somewhat subjective.)
¢. 1= human reguired by law or regulation: No
No (all) - Go to step 5.

5. Is automation clearly preferakle to human operators?

a. Is automation technology well-established as suitable:
No

b. Is human performance acknowledged as less satisfactory:
No

No (any) - Go to step 6.

6. Is human performance clearly preferable to automation?

a. Is human performance regarded as clearly necessary, or
superior to automation: VYes (given the suitability of
the required tasks, and the concern for eguipment damage
due to inadvertent actuation)

Yes - Allocate to human; go to step 11. (Step 11, "Consider

residual automated and control system support for the

operator,” alludes to detailed design tasks that are
addressed during human-system interface design.)
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System B0+ Functions

I. Radiation Emission

1.1 Release Path Isolation - Containment-to-environmernt
release paths are automatically isolated on high radiation and

CIAS. They can also be manually isclated, to enable operators
to perform assigned supervisory and backup roles. As a
discrete function (i.e., to shut the valves), Release Path
Isolation has no continuous control component. Operator
actions are performed under normal MCR habitability
conditions. These System 80+ allocations are unchanged from
those in System 80.

I.1 Allocation Raticonale: Automation is mandatory because of
sustained monitoring and rapid response time reguirements
{ib), federal regulations {(1c), and the need to assure plant
protection (1d). Automation is feasible, i.e., tachnically
proven (2a) and pragmatically available (2b). Manual
initiation is desirable for reliability (%e).

- Containment-to-environment release
paths can be individually isolated by selecting and manually
shutting individual valves through the component control
systems, to enable operators to perform assigned supervisory
and backup roles. Operator actions are performed under normal
MCR habitability conditions. This is not a credited safety
systen. These System 80+ allocations are unchanged from those
in System 80.

I.2 Allcocation Raticonale: The function is suitable for
allocation to the operator (8a, 8b, & Bc).
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| CRITICAL Yumctiion:
A Reactivity
Cont rol

Table 4 - BUCCESBS

PATH

ALLOCATIONS

System 80+ Functions

{(page 1 of 10)

SYSTEM ACs

{ Auto Manual | Control Justification for solely manual init/ent] of
{ SUCCESS PATH Init Init : ive = 1FEE 503-199]
1

1. Reactor Trip Yes Auto init ib-d;, 2. L Yes

G0C 20) 94, e APS »

2. Safety Injection No 5. 9. e S1AS Yes Comp

3, CVCS (boration) No 8 Ko Yes Alt
| 4 mod Control N

NPX80O=-IC-RR790-02
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System B0+ Functione

Table 4 - BUCCESS8 PATH ALLOCATIONB (page 2 of 10}
| CRITICAL FUNCTION: | Protective
I B. Maintenance of f Allocation Requirements SYSTEN 80+
i Vital Auxiliaries J| System or
a A vsiolded ===
| | Commodity? 10 CFR %0 NUREG/CR - Auto Manual | Tontrol | Justification for solely manual init/emt] of
SUCCESS PATHS ! ‘ 3331 Init init protect ive system (IEEE 603-199]
1 Emergency Diesel ' Yes Auto init le-d; 2, LooP Yes Comp
Generators (AC) {6DC 70) Sd.,e.f S1AS
FFAS
7 Reserve Aux ? Yes Auto init ib-d: 2. Loss Yes Comp
Tranaformers (Site AC) | {6oC 20) 9.e.f of
? Unit
Main
i X Fme
3 Vital Station } Yes Auto init Ib-d; 2 Loss Tes Comp
Batteries (DC) ] (GDC 20) 9d.e. ¥ of
: vital
{ AL
4 Alternate Generator Ko 5 9.e.f Loor Yes Comp
(AC) 4
5 Unit Main No B No Yes Alt
Transformer (Site AC)
& Non-vital Station ib: 2, Yes Yes At
Ratteries {DC) Gd.e. ¢t
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Table 4 - BUCCESE PATH ALLOCATIONS

Protective

(page 4 of 10)

System 80+ Functions

| CRITICAL FUMCTION. g
€. RCS Inventory i SYSTEN 8D«
Control | System or
| Commodity? Auto | Mamual | Contral | Justification for solely menual init/entl of
| | init Init stective system [IFFF 603-199]
i Safety Injection t Yes Auto Init lb-n 2 S1AS Yes Comp
' (6D 20) 9g,e, ¢
2 CVCS (Charging & No 8 o Yes Al
Letdown) I

NPX80-~I1C-RR790~02
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System B0+ Functions

Table 4 - BUCCEBEB PATHE ALLOCATIONEB (page 5 of 10)

| CRITICAL FUNCTION.
0. RCS Pressure
Contro!

’ SUCCESS PATHS %

—~ &

Allocation Requirements SYSTEM B0+

Justification for solely manual init/entl of

1. Safety Injection Auto inid ib-d; 2;

(GDC _20) 9d.e,f

7 Bx Gas Vent System
{Safety
Depressyrization,

Auto init (1), & No Yes Manyal System is credited for providing

(GbC 20) depressurization ability to 5% entry
conditions. Rapid response is not required
{conldown typically takes 8-12 hours), but
spurfous system actuation could compromise
safety Thus, aute initiation is not
necessary or desirable.  Operator actions
performed under normal MCR habitability
conditions .

3. PIR Westers & L
Sprays
& VLS (Charging & No

Letdown, Aux Spray)

5 56 Steaming No

5. Pressure Reliefs Ves Auteo init
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System 80+ Functions

Table 4 - BUCCES8S PATH ALLOCATIONE (page 6 of 10)

T e : : v
| CRITICAL FUNCTION: | Protective
£ Core Heat Removal | Kllocation Requirements | SYSTEN RO+
Syztem or 7
| Commodity? 10 CFR 50 NURE 6/ Cx - Auto Ranual | Control Justification for solely manual init/entl of
SUCCESS PATHS { RREY] f Init init ptect ive system (JEEE 603-1991)
, -+ - S 4 -
1. Natural i Yes Auto init te,d; 2l Passive Yes Comp
Circulation | {GDC 20)
? Forced Circulation No . 8 ! No Yes -
t
3. Safety Injection ! Yes Auto Init {lc); & No Yes Comp DV1 provides an added success path (not the
(Direct Vessel E {GhC 2a) preferred means) for Core Heat Removal . For
Injection) DBEs, 1_ss of natural circ may imply prior
BCS Pressyre or Incentory problems and
possible auto S§1 tnitiation, but not for
Heat Removal per ze.  With S1 initiation,
DVI Vineup is automatically estabiished
Operator has responsibility te evaluyate Core
Heat R 4l performance, to modify §1
Tineup to best suit plant conditions, and to
initiate and maintain heat sink performance.
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| CRITICAL FUNCTION:
f F. RCS Heat Removal

Table 4 - BUCCEBB PATRH

Protective

System or

System 80+ Functions

ALLOCATIONS (pags 7 of 10)

Allocation Requirements |

SYSTEM B0+

1 | Commodity? 10 CFR 50 MUREG/CR- Auto | Manwal | Comtrol | Justification for solely manual init/cnt] of
| , 3331 i iInit Init stect ve bem (1EEF 603-199]
1. Main Feed No i - 8 No Yes Alt
2. Start Up Feed No 5. %a,d.f Yes Yes Comp
3. Emergency Feed S | Auto & Ib-d; 2. % || EFAS Yes Conw
§ Manyal [
{ init !
{60 20, .
50.34(f) ?
(2){xt1),;
1 { 50.62(¢c)
4 Rapid No E (3b. 4); B No Yes Manual
Depressurization { w
System |
(Safety {
Depressyrization)
5. Shutdown Conling Yes X Auto init {ic). & % No Yos Alt 5C5 not inftially useful as success path in
(6DC 20) DREs, and inadvertent initiation is

NPX80-IC~=RR790-02

Revigion 01
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System 80+ Functions

Table 4 - BUCCESS PATH ALLOCATIONS (page 8 of 10)

| CRITICAL FUNCTION:
i 6. Containment
Isnlation

1. Penetration
Flowpath {solation

m 5( 55

Alocation  Requirements
4

SYSTEM 8O+

10 CFR 50 NUREG/CR- Auto

s

Auto init,
Manyal
reset
{6GhC 20:
50 34(f)

(2)(xiv)

Justification for solely manual init/emt] of

?. Penetration
Flowpath Control

No I - A No Yes

NPXBO-IC=RR790-02
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System 80+ Functions

Table 4 -~ SBUCCES88 PATH ALLOCATIONS (page 9 of 10)

CRITICAL FUNCTION:

%

i Protective
H. Containment { Aliocation Requirements SYSTEN 80«
‘ Environment i System or
i ————— — e ———J
‘ | Commodity? Justification for solely manual intt/ent] of
| SUCCESS PATHS I
|
| Containment Spray | Yes Auto init Ib-d; 2; %
{6DC 20)
2. Fan Coolers No R No Yes Alt
3. H; Recombiners Yes Auto init (12). 8 No Yes Marual H, Recombinery are not necessary prior to 72
(6bc z0) hrs after start of limiting DRE. Operator
has responsibility to setup, initiate,
evaluate, and adjust or terminate Recombiner
function. Actions performed in Nuclear
Annex under acceptable post-aceident
habitabi )ity conditions
4. H, Purge L) (3, c. €8); & No Yes Manyal
5. M, igniters l No I 3 No Yes Marnual
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System 80+ Functions

4.4 Other Allocations Supporting System Safety/Operator
Performance

The present section reviews some other significant facets of the \
System 80+ design. While these items are beyond the scope of the |
present evaluation, they identify additional points of change and |
improvement of prior design allocations in terms of the criteria |
of this report. |

4.4.1 Added Functions/Features

a) Validated Aggregation of Data - The cross-checking of
redundant data channels, and the aggregation of redundant
data into representative (i.e., process representation)
values has 1ong been recommended as appropriate for
automation, and an unnecessary burden on the human operator.
The Nuplex 80+ system implements such features with easy
access to individual datum, if desired.

|
|
|
b) Mode Dependency of Alarms - Alarm mode dependency is now a |
system feature, reducing the number of nuisance alarms. }
Mode shifts are fully automated post-trip, and partially
automated in other cases (requiring the operator to respond ‘
to a prompt.)
|

c) Explacit Display of Derived Parameters - Important derived
operating data such as heatup and cooldown rates, and
density compensations, are directly displayed by the system
rather than regquiring operator calculation or inference.

d) Low Power Feedwater Control - This has historically been a

problem task for human operators and a source of unnecessary
trips due to long lags and complex dynamics in the process.
The automatic Low Power Feedwater Control system has been
proven as an operational success on the System 80 plant, and
improves power production reliability.

the successful automation of various test features possible.
Automatic digital PPS surveillance features have been proven

as an operational success on Arkansas Nuclear Unit 2, and

will be implemented in Nuplex 80+. Computer Automated |
Testing (COMAT) algorithms will also be provided for

specific systems as support for manual testing activities,
by confirming correct 1) test lineups, 2) test performance,

and 3) system restoration.

|
e) Automatic Testing Features - Digital technology has proven
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a)

b)

c)

d)

4.4.3

System 80+ Functions

Automatic load Dispatch - The Megawatt Demand Setter allows
changing load demands from the grid to be processed
automatically, including maintenance of appropriate
operating margins. This system has already been approved
and installed on earlier generations of Combustion
Engineering plants (specifically, LP&L's Waterford 3 and
ANOl1's Unit 2).

Removed Functions/Features

- This ecuipment
protection feature was a common cause of loss of SCS.
Redesign of the system for a higher operating pressure has
eliminated the need for the trip.

i i - The change to the In-containment
Refuelling Water Storage Tank has eliminated the need to
automatically (or manually) switch SI pumps from the RWST to
the containment sump on low tank level, thus improving
reliability.

- The
addition of four CEAs, and the change from part-length to
part-strength (i.e., "grey") control rods, permits plant
maneuvering in response to load transients without the need
to change scluble boron concentration. The CEA maneuvering
response can be performed automatically (see 4.1.1.f) or
manually. Boronating remains a manual function, but is no
longer reguired as part of this evolution.

' ~ The addition of
cavitating venturis to the EFW headers, which limit feed
flow to Sgs with a steam or feed line rupture, makes the
automatic isolation feature that formerly mitigated these
events unnecessary. Manual isoclation of the EFW headers
remains possible.

Miscellaneous 10 CFR Conformance

The single remaining allocation criterion of Section 2.1 that has
not yet been addressed is met as follows:

Automatic Initiation of Turbine Trip - Automatic turbine

trip presently is in use at all operating Combustion
Engineering units, and will be incorporated as a standard
System 80+ feature.
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System 80+ Functions

5.0 RESULTS

As a descriptive evaluation, this report did not aim to create or
revise the design. Perhaps its main benefit has been to improve
the author's understanding of the System B0+ design.

Nonetheless, some constructive if miscellanecus observations on
the evolution and incorporation of certain design details are
collected here, and could be viewed as "results".

5.1 Emergency Procedure Guidelines

One important perspective on the use of plant systems to maintain
CSFs is provided by the EPGs. It is notable that developing the
present report provided a nexus for the discussion of operating
issues that resulted in some useful feedback to the EPG
developers. For example, the draft revision of the EPGs showed
both Hydrogen Purge and the Ignitors being started concurrently.
However, this would be undesirable; they should be successive and
independent success paths. Also, the present report anticipated
the addition of the SDS system to the Heat Removal recovery
guidelines. While these points only reflect, rather than effect,
the design, they do suggest that the evaluation has been a
cchercnt, even constructive effort.

5.2 Reg Guide 1.97

The results of this study informelly reiterate the ABB-CE
response to DSER Open Item 7.5.2.1-1; i.e., that there are no
manual protective functions (and thus no Type A variables or
~lass 1E alarms) in the System 80+ design.

5.3 Operating Experience

Virtually all of the changes described in Sections 4.4.1 and
4.4.2 of this report are a direct result of incorporating
operating experience with similar plants in the design of System
80+,

5.4 Functional Task Analysis

Improved operator support by adjustments to the "allocation" of
information display functions were suggested by the results of
initial task analysis (Reference 21). The concerns were based on
estimated operator task loadings (time reguired vs. time
available); resolutions were suggested in keeping with the
Appendix A criteria. These results are being addressed in the
detailed design (as will any subseguent task analysis results),
to ensure acceptable task workload levels are maintained.
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System 80+ Functions

6.0 CONCLUSIONS

This report has been a descriptive evaluation of the allocation
of critical safety functions in the System 80+ design. The
analysis assumes that existing plants of similar design with
extensive, successful operating histories are a valid reference
peint from which to evaluate evolutionary changes and
improvements. The conclusions of this evaluation are summarized
as follows:

1. Critical Safety Functions (CSFs) have not changed between
System 80 and the System 80+ plants.

2. CSF Success Paths and their control allocations are similar
in System 80 and System 8C+; changes and additions have been
few, and afford well-considered improvements to overall plant
performance.

3. System 80+ meets all safety-related requirements for
allocation of function. No additional allocation concerns
have been identified.

4. System 80+ provides improvements through revised
allocations in areas of known concern to operator performance.

5. Evaluation of the interaction between the human and machine
elements of the plant control system, and resolution of
specific problems identified, will continue as part of Task
Analysis, PRA, Verification & Validation, and procedure
development activities.

6. This report satisfies the requirements of Section A-3.3.2.2
of the System 80+ HFE Program Plan (Reference 6), and of
Elements 3 and 4 of the HFE Program Review Model (Appendix E
of Reference 2) for System 80+ Certification.
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Humans Excel In

—_

Detection of certain forms of very
low energy levels

Sensitivity 10 an extremely wide
variety of stimuli

Perceiving patterns and making
generalizations about them

Detecting signals in high noise
levels

Ability to store large amounts of
information for long periods-—and
recalling relevant facts st appropriste
moments

Ability 1o exercise judgment where
events cannct be compleely
defined

Improvising and adopting flexible
procedures

Ability to react to unexpected
low-probability events

Applying originality in solving
problems: ie., alternative
solutions

Ability to profit from experience
and alter course of action

Ability to perform fine manipulation,
especially where misalignment appears
unexpectedly

Ability 1o continue 10 perform when
overioaded

Ability to reason inductively

System 80+ Functicns

Machines Excel In_

Monitoring (both personne! and
equipment

Performing routing, repetitive, or
very precise operations

Responding very guickly to control
signals

Exerting great force, smoothly and
with precision

Storing and recalling large amounts
of information in short time-periods

Performing complex and rapid
computation® «ith high acouracy

Sensitivity of stimuli beyond the
range of human sensitivity {infrared,
radic waves, etc)

Doing many different things a1 one
time,

Deductive processes

Insensitivity 1o extraneous factors

Ability 10 repeat operations very
rapidly, continuously, and precisely
the same way over 2 long period

Operating in environments which are
hostile 1o humans o beyond human
1oierance

Revision 01 A -
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APPENDIX B
FUNCTION ALLOCATION CRITERIA

(from NUREG/CR~-3331)
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System 80+ Functions :

FUNCTION ALLOCATION CRITERIA

The following guidelines and criteria are adapted from NUREG-
CR/3331, A Methodology fo
i . Tradeoff mechanisms and

Functions

Fitts list-type human performance criteria are provided in the
form of a decision algorithm (see also Appendix A, "Fitts List
Criteria"). The algorithm can be applied at any level of detail;
however, ergineering judgment must be applied to determine when
the design description is sufficiently detailed for the purpose
at hand. This provides an expedient framework for designers and
evaluators to verify appropriate allocations of plant control
functions in any aspect of the design.

- ——— "

- fF Is automation mandatory?
a. Are working conditions hostile to humans?
b. Are tasks included which humans cannot perform?
G- Is automation reguired hy law or regulations?
d. Is automation required to assure plant safety or
protection?

Yes (any) - Go to step 2.

No (ail) - Go to step 3.
(If automation is required only in part, then the design
description may be detailed to identify that part.)

2. Is automation technically feasible?

Are proven technologies available?
Are the costs and development/delivery times acceptable?

oW

Yes (all) - Tentatively allocate to auto; go to step 9.
No (any) - Redefine the function(s), allocation, or
engineering solution.

NPX80~1C-RR790~02 Revision 01 B~ 2o0of 6 |



System 80+ Functions

Is human performance mandatory?

Is automation technically infeasible?

Is human required to retain policy-level or ultimate
control?

Is human reguired by law or regulation?

Yes (any) - Go to step 4.

No (all) - Go to step 5.
(If a human operator is reguired only in part, then the
design description may be detailed to identify that part.)

Is human performance a feasible scolution?

Can humans perform the specified tasks?

Are the costs and development/delivery times of the
necessary support (e.g., procedures, training, etc.)
acceptable?

Yes (all) - Allocate to human; goc to step il.
No (any) - Redefine the function(s), allocation, or
engineering solution.

Is automation clearly preferable tc human operators?

Is automation technology well-established as suitable?
({i.e., effective, reliable, cost-effective, etc.)
Is human performance acknowledged as less satisfactory?

Yes (all) - Tentatively allocate to auto; go to step 9.
No (any) - Go to step 6.

(If automation is preferable only in part, then expand the

design description sufficiently to identify that part.)
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System 80+ Functions

1s human performance clearly preferable to automation?

Is human performance regarded as clearly necessary, or
superior to automation?

Yes - Allocate toc human; go to step 11.

No - Go to step 7.

(If a human operator is preferable only in part, then the
design description may be detailed to identify that part.)

Is the segment a suitable candidate for sutomation?

1s the segment comprised of mechanistic or repetitive
tasks?

Does the segment reguire sustained vigilance?

Does the segment reguire extremely rapid or consistent
responses?

Is the segment comprised of well-defined and highly
predictable conditions, actions, and outcomes?

Is the segment likely to be reguired at the same time as
a large (i.e., excessive) number of other tasks?

Does the segment reguire the ccollection, storage,
manipulation, or recall of data in substantial amounts,
or with high accuracy?

Yes (any) - Tentatively allocate to auto; go to step 9.

No (all) - Go to step 8.

Is the segment suitable for human operator performance?

Is it within the realm of human strengths and
capabilities?

Will the task form an appropriate and satisfactory part
of an operators job? (i.e., cannot be trivial, demeaning,
or comprised of leftovers)

Will it allow the operator to maintain satisfactory
workload? (i.e., neither too high nor too low)

Yes (all) - Allocate to human; go to step 11.

No (any)} - Go to step 10.
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9. Reconsider the tentative automatic allocations in terms of
their negative impact on human operator performance.

a. Would manual performance of the task help to keep the
operator engaged with the plant, informed of process
status, or prepared to plan and solve problems?

b. Would manual performance of the task provide the operator
with important oppertunities to develop or maintain
valuable skills or knowledge?

C. Will absolute implementation of the automatic feature(s)
contribute to operator underloading (e.g., boredom)?

d. Would the option for manual control from the control room
afford desired flexibility?

e. Would the option for manual control from the control room
afford more reliable performance of the function?

A Would the option for manual control from the control room

be desirable for testing, maintenance, or management of
off-normal conditions?

Yes (any) - Make a tentative allocation to automation with
operator discretion. If operator discretion is
superordinate (man selects auto or manual modes) then go to
step 11. 1If operator discretion is subordinate (man may
initiate but not override automatic action), go to step 12.
No (all) - Allocate to automation; go to step 12.

10. If any segments remain unallocated, apply the following
criteria:

. Comparative cost of human and automated options
Consistency with preceding design goals and selections
Available technologies

Customer preference

Operator acceptance

oonoe

or, redefine the function(s), allocation, or engineering
solution.

If allocated to automation, go to step 9.
If allocated to human operator, go to step 11.

of 6
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11.

a.
b.
c.
d.
e.
£.

System 80+ Functions

Consider residual automated and control system support for
the operator:

Data display and integration

Monitoring of limits and detection of abnormalities
Hierarchical access to indicating and control options
Automatic control of inner loops

"Fail safe" controls

(etc.)

Complete any required documentation.

12.

Consider the residual role of the human operator in support
of the automated function:

Policy-level control (e.g., initiation of transitions to
less conservative plant states)

Avareness of automatic system status, transitions,
availability, etc.

Detection of abnormalities and management of failures,
including those in "hidden" or low-level features
Emergency initiation or shutdown

Override of selected interlccks under specified
conditions

Removal of equipment from service

Status of local transfer or test switches

Complete any reguired documentation.
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