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1.0 INTRODUCTION

As discussed in NUREG-0711 ("Human Factors Engineering Program Review Model"), the
purpose of this operating experience review (OER) is to identify human factors engineering
(HFE)-related safety issues. The objective of this AP600 review is to identify and analyze
HFE-related problems and issues encountered in previous designs that are similar to the
APB00 so that they are avoided in the development of the AP600 design, or in the case of
positive features, to retain these features. Westinghouse will continue to review current plant
operating experience and as new HFE-related issues are identified, will address or track to
resolution those issues applicable to the AP600.
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20 SCOPE

The scope of this evaluation includes pressurized water reactors (PWRs), at both
Westinghouse and non-Westinghouse plants. The issues for boiling water reactors (BWRs)
and a pressurized heavy water reactor (PHWR) which are applicable to the AP600 design are
also addressed. Other industry Man-Machine Interface (MMI) experience, where limited
experience exists in the nuclear industry, is also addressed.

Guidance for this OER is based upon: 1) Appendix B of NUREG-0711, 2) the clarification
of NUREG-0711 Appendices B.5 and B.6 provided as an attachment, ("HFE Insights For
Advanced Reactors Based Upon Operation Experience”, BNL. Technical Report
E2090-4-3-1/95) to NRC letter dated 2/13/95, and 3) comments in Draft Safety Evaluation
Report (DSER) Chapter 20 related to the OER for the AP600.
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3.0 RESULTS OF REVIEWING OPERATING EXPERIENCE ISSUES

Table 1 documents the NUREG-0711 Appendix B issues reviewed and how the AP600 design
addrerses these issues. Table 1 consists of five columns and provides the following
information;

Column 1 Item

Column 2 Issue Reference

Column 3 Issue/Scope

Column 4 Human Factors Aspect/Human Performance Issue

Column 5 Human Factors/Human Performance Issue Addressed by AP&00
Cesign

The numbers in column 1 are used throughout this document as a convenient means to
reference the various issues. Column 2 identifies the reference document that presents the
issue to be addressed. Column 3 identifies the specific issue/scope. Column 4 identifies the
huran factors aspect/human performance issue of the issue/scope identified in column 3.
Column 5 documents how the AP600 design addresses the aspects/issues identified in
column 4.

Tables 1, 2, and 3 also document the HFE-related issues which are not currently addressed
by the AP600 design. These issues are identified in column 5 of Table 1 and in column 3 of
Tables 2 and 3 by using the terminology “"INPUT THIS ISSUE INTO THE DES!3N ISSUES
TRACKING SYSTEM" typed in bold letters. Standard Safety Analysis Report (SSAR)
Subsection 18.4.4 provides a description of the design issues tracking system which inciudes
tracking of HFE issues.

Column 5 of Table 1 also identifies which HFE issues are not applicable to the AP600 design.
These are identified in column 5 of Table 1 by using the terminology "NOT APPLICABLE"
typed in bold letters. Immediately after the bold type, the reason why the issue in not
applicable to the AP600 is provided.

Chapter 20 of the DSER also makes reference to DSER Section 18.3 open items. The
foliowing table identifies the open itern number and the DSER Chapter 20 page number, the
issue, and how the issue is addressed.

mA2827w. wpt:1b/051396 3



Open tem Number
DSER Page Number

Issue Identification

Disposition of Issue

| OI: 18.3.3.1-2
| DSER Page: 20-187

HF1.1, Shift Staffing

This issue is addressed in
Table 1 of this report. See
item 21.

| OIF 18.3.3.1-2
| DSER Page: 20-188

HF4.4, Guidelines for
Upgrading Other Procedures

This issue is addressed in
Table 1 of this report. See
itam 22.

DSER Page: 20-189

HF5.1, MMI -- Local Control
Stations

This issue is addressed in
Table 1 of this report. See
item 24.

| o1 18.3.3.1-2
| DSER Page: 20-190

HF5.2, Review Criteria for
Human Factors Aspects of
Advance Controls and
Instrumentation

This issue is addressed in
Table 1 of this report. See
item 25.

| Ol: 18.3.3.1-2
| DSER Page: 20-113

m\2927w.wpt 1b/051396

I.C.5, Procedures for
Feedback of Operating
Experience to Plant Staff

This is a training program
issue. Training program
development is the
responsibility of the
Combined License applicant
as documented in SSAR
Section 13.2.




4.0 RELATED HUMAN SYSTEM INTERFACE (HSI) TECHNOLOGIES WHERE LITTLE
OR NO NUCLEAR PLANT EXPERIENCE EXISTS

Soft controls, computerized procedures, and large screen (wall panel) displays are HSI
technoiogies that are not used in currently operating nuclear power plants, but will be used in
the HSI/M-MIS design of the AP600. Westinghouse has reviewed the operating experience of
these technologies or related technologies from other industries in order to identify HFE-
related issues that need to be addressed. Issues related to these technologies include
navigating through large display networks, implementation of soft controls, and group situation
awareness.

The reviewed documents ir.clude operating experience from the following industnes: fossil
power plant, aircraft industry, naval programs, space program, electrical, gas, and oil. These
reviews are documented in Table 2. Column 1 of Table 2 identifies the reference document
which was reviewed. Column 2 identifies the HFE-related issues applicable to the AP600
design, and column 3 documents how the APB00 design addresses the identified HFE-related
issues. In column 3, some cross-referencing to Table 1 occurs where the identified issue is
identical to an issue already documented in Table 1. Where the issue is not currently
addressed by the AP600 design, an entry is made in column 3 stating "INPUT THIS ISSUE
INTO THE DESIGN ISSUES TRACKING SYSTEM" typed in bold letters. The reference
documents in Table 2 (References 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, and 2.7) are identified in the
Reference list following Table 2.
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5.0 CONTENT AND RESOLUTION OF OPERATOR INTERVIEWS

As part of the CER, Westinghouse has conducted cperator interviews and observations during
plant operations and after operating events. These interviews/observations are documented in
Table 3. Column 1 of Table 3 identifies tha reference that documents the operator iiterviews.
Column 2 identifies the HFE-related issues applicable to the AP600 design, and column 3
documentz how the AP600 design addresses the identified HFE-related issues. In column 3,
some cross-referencing to Table 1 occurs where the identified issue is identical to an issue
already Jdocumented in Table 1. Where the issue is not currently addressed by the AP600
design, an en*rv is made in column 3 stating “INPUT THIS ISSUE INTO THE DESIGN
ISSUES TRACKING SYSTEM" typed in bold letters. The reference documents in Table 3
(References 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, and 3.8) are identified in the Reference list
following Table 3.
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TABLE 1

iasues Addressed By NUREG 0711 Appendix 8

Human Factors AspectMumean Performence issue

Human Factors™Muman Perfuimance iseue Addressed dy APS00 Design

A-44, Swation

This is a largs and significant issue with many human-factors-

Station blackout is @ design basis event for the APS0D. Passive salety-related sysiems
utifize one time realignment of valves to provide system initiation.  After initiation, these
passive systems do not require power 10 sustain their operation. For = station blackout
event, the valves that align the APS00 systems raquired to mitigate the event are fail-
safe valves, | &, on loss of power they move to the position that initiates system
operation. Post accident monitoring instrumentation required to satisty Reg Guide 1 97
is powered by 1E baftenes. After 72 hours limited offsite assistance may be required to
extand this monitoring.

The APS00 man-machine interface system (M-MIS} for controls in the main control
roor.. (MCR) consists of soft controls at the operator workstations and dedicated
controis at the dedicated safety panel.  Reactor operator and senior reactor operator
{SRO) workstations and their dispiays are powered from no. 1E uninterruptable powar
suppites (UPS). The workstations wiil be availabie for 2 hours into the station blackout.
After 2 hours the operators rely on the Qualified Data Processing System (QDPS)
displays and the dedicated controls for control and moniioring of the plant. The QDPS
provides the Class 1E, qualifiad display system and is powered from the Class 1E
UPS.  The QDPS and the dedicaied controls are iocated at “he dedicate J safety panei
The design of the QDPS dispiays, dedicated controls and the dedicated safety panel
are all pan of the Human System Interface (HS!) and therefore will be a product of
slament 7 (HSI Design) of the AP600 HFEASI deign process as described in
Subseciion 18 8 2 of the SSAR.

Training program development and procedure development are the responsibility of the
Combined License (CL) applicant as stated in 132 and 135 of the SSAR

Reference
fem B 1 (1}
tem B 1 (2)

A-47, Salety
control systems

This issue relates io the implications of fallures of nonsalety-
relatad (NSR) control systems and their interaction with control
room operators.

The plant control system is designed to be a high reliability system using UPS and
redundant control processors  Segmentation of control functions is provided 1o
decreass the effect of control system equipment failure

Muftiple process control variable channeis are used to decrease the impact of
instrumentation fallures  Vhere the protection system and control system share

of the protection system, as well as preventing signa! faillures (caused by a ‘ailure of
the protection channel) from initiating a contro' action that could lead to a plant
condition requiring that protective action.

An independent diverse actuation system (DAS) is also provided In the APB00 design
1o reduce the probability of @ severe accident that potentially resuits form the unfikely
coincidence of postulated transients and postulated common mode failure in the
protection and control systems. The [ AS provides automatic and manual control

capability, as wall as providing divarse operator display capabiiity.
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TABLE 1 (Continued)
OPt. 4G EXPERIENCE REVIEW FOR THE APSO0

lssues Addressed By NUREG 0711 Appendix B

Human Factors AspectU/Human Performance lssue

Human Factors/Munian Performance lssue Addressed by APG00 Design

This issue invoives the development of a time critarion for
satety-refated operator actions inciuding a determination of
whether automatic actuation is required.  This issue also
concems some current PWR designs requiring manual
operations to accomplish the switchover from the injection
mode o the recirculation mode after a loss-of-coolant
accident (LOCA)

WCAP 14644 "APSOC Functional Requirements Analysis and Function Allocation ”
provides a description of the ba~'s for automatic actuations of accident mitigation {ciitical
safety) functions and the associated capabifities for manuai operations  The APS0C
mmmuwmmmmunm
term post-LOCA recircuiation mode.  Recovery actions for various emergency scenarios
are specified in the APS00 ERGs and take operator action Himing into consideration.

ftam B 1 (4)

The buildup of ice on service water intake can occur
gradualty and can require improved instrumentation to aliow
operators to detect its occurrsnce before it causes systam
inoperability.

NOT APPLICABLE: The service water system in APS00 is nonsalety-related Reler 1o
SSAR Subsection §.2 1 for 2 description of the service water system (SWS).

A large number of licensee event reports have notad the
incapacitation of safety-related equipment because of the
failure of protective devices, such as fuses and circult
breakers. Operators are not always aware of the fallure of
equipment bacause of the design of the instrumentation.

The APE00 is desgned to minimize the effects of fallures of protectiva devices on

essentiai aquipment

« The number of active essential devices has been minimized by the passiva design of
the APS00O.

+ The APS00 is provided with an extensive distributed (nonsalety) control system that
can be usad by the operator 1o monitor the operation of the plant and quickly identitv
inoperable devices.

« The APSOC conforms with Regulatory Guide 1.106 for the application thermal overioad
protaction devices.

« Redundant motor-operated valves are powerad by incependent divisions of the
Class 1E dc system. The four divisions of the Class 1E dc system are completely
independant with no provision for cross-connect.

ftem B.1 (6) GI-23, Reactor This is a multifaceted issue, that includes a number of NOT APPLICABLE: The AP600 design specifias reactor coolant pumps with canned
coolant pump seal | proposed resolutions. One subissue is the provision of motors that have no seals. Refer to SSAR Subsections 5133 and 54 1
failures adequate seal instrumentation to affow the operators o
take corrective actions 1o prevent catastrophic failure of
seals.
ftem B 1 (7) GI-51, improving The buildup of clams, mussels, and corrosion producis can | The APG00 service water system is nonsafety-related. The APS00 uses chemical
the reliability of cause the degradation of open cycle SWS systems. Added | control in the SWS (SSAR 9 2.1.2 2) and Circulating Water System (CWS) (SSAR
open-cycie service | instrumentation is one means of providing operators with 10.4522) The Combined License (COL) applicant will address the specific chemicals
waler systems. tha capability to monitor this bulidup and take corrective used for water chemistry control, aigicide, and blocide applications, reflecting potential
action before loss of system functionality occurs variations in site water chemistry and in micro and macrobiological iife forms (SSAR
9216 and 10 4.12 1 respectively).
ftem B 1 (8) GI-57, Eftects of This issue resuited from spurious and inadvertent An explivit requirement exists to design the system such that inadvertent operations ¢
fire protection actuations of fire protection systems, often caused by not occur (SSAR 95.1.1.1, Rev 4). There are no sprinkler systems or automaticaily
system actuation operaior errors during testing or maintenance.  Design of initiated fire protaction system in areas containing safety related components. 51214 -
on safety-related systems should prevent such errors 1o the extent possible. | SSAR Rev. 4). Also an evaluation of the fire protection system intagrity analysis is
aquipment. performed for safety-related systems  The system Is designed o be in comphiance with

BTF CMEB 95-1.
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TABLE 1 (Continued)

OPERATING EXPERIENCE REVIEW FOR THE APS00

Issues Addressed By NUREG 0711 Appendix B

Human Fectors AspectMuman Performance issue

Human FactoraMuman Performance issus Addressed by APS00 Design

This issue has many subissues, saveral of which are
related to human factors, for example, scram data for post-
scram analysis, capability for post-maintenance testing of
reactor protection system, and a specific subissue titled
“Review of human factors issuas *

The APSO0 includes a DAS that provides a diverse backup 1o the protaction system
This system is a nonsalety-related instrumentation and control system that is an
expanded version of the ATWS Mitigation System Actuation Cabinets in the present
generation Westinghouse nuciear power piants. One of the tunctional requiremery's of
the DAS is to mitigate consequences of a failwe 1o trip foliowing an ATWS. The DAS
provides a diverse, altemate means of automatically tripping the reactor and aciuating
spacified Engineered Safety Festures (ESF) functions for selected events if the
Protection and Safety Monitoring System (PMS) is unabie to perform these functions as
a result of common mode fallure. A more detailed description of the DAS, including the
diverse nature of the system, is found in SSAR Subsection 7.7 1.11

The APS00 instrumentation and control systems inciudes a Data Display and Processing
SM(OOS) muummmmmu-mm

emergency rasponse information needs within a singte system  The distributed
computer function interacts with the plant operators through the operational display
function and the Flant Information System. The distributed computer function provides
many computational functions, including provisions for pre- and post-trip data for review
and analysis, historical data storage and retrisval, and data logging

The APS00 PMS Iis a safety system of electrical and mechariical equipment that senses
generating station conditions, and generates the signals to actuate reactor trip and ESFs
that provide the equipmant necessary to monitor plant safety-reiated functions during
and following designated events (Reference SSAR Section 7.1). The PMS provides a
high degree of reliability and fault tolerance tor both operating and maintenance
sitvations. SSAR Subsaction 7.1 2 10 describes the specific design features that provide
this capability. SSAR Subsection 7 1.2 12 describes the PMS tes! capabilities and
design features.

The APS00 reactor trip switchgear has four redundant safety divisions with each division
containing two circuit breakers of the reactor trip switchges- (eight breakers total). As
Mlustratad in SSAR Figure 7.1-7, the eight circuit breakers are arranged In a two-out-of-
four logic configuration (Reference SSAR Subsection 7.1 2.5).

ftem B.1 (10)

This issue raises several concems, including control and
instrumentation (1&C) taults that could blind or partially blind
the operators to the status of the plant.

The design of the operator displays is basad on an analysis which identifies the
appropriate dicplay varisbles for monitoring conditions in the reactor coolant svstem
(RCS), the secondary heat removal system, the containment, and the systems used for
attaining a safe shutdown condition. This analysis also estabiishes the appropriate
design basis and quslification criteria for the instrumentation which provides the input 1o
the operator displays (Refsrence SSAR Section 7 5). In addition to these displays, the
DAS provides separate and diverse indications which can be used by the operator.

Refer to the responses of items 59 and 113 through 119 for design features of the
APS00 DC Power Systems.
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TABLE 1 {Continued)

tssues Addressed B, NUREG 0711 Appendix B

issue Reference

Human Factors AspectMuman Performsance issus

Humen FactorsHuman Performance lesue Addressed by APS0C Design

Rem B 1 (11)

The design of the residual heat removal (RHR) suction
valves with respect to vatve position indication and
instrumentation to detect potential leakage from high-to-low
pressure areas is important (o the prevention of interfacing
system loss-of-coolant accidents (ISLOCAs). This is
impontant for normal operations and for testing

Based upon a conference call of 6/19/95 with the NRC Human Factors Branch, it was
agreed not o inchude this issue as part of the OER.

ftem B.1 {12}

This issue attempts to ensure .hat robust information is
avallable to tha operators for both reactor water level and
for plant status during the progression of an accident.

Based upon 8 conference call of 6/19/95 with the NRC Human Factors Branch, it was
agreed not to Include this issue as part of the OER.

ftem 8.1 (13)

This issue relgtes to pressure isolation valves for BWRs.

NOT APPLICABLE: This issue relating to pressure isclation valves is only applicable to
BWR reactors.

fem B 1 (14)

Faflures and incapacitation of ESF aquipment have
occurred because of the failurs or intentional bypass of
protective devices. Both the design of these protective
devices and the appropriate indication to control room
operators are important.

The ESF design is based on the use of four separate satety divisions for the sense and
command function and two or more divisions for the execute function. The system is
designed to accommodate a single failure of a process signal input by altering the sense
and command logic 'om a two-out-of four voting logic 10 a two-out-of-three voting logic
Additional faltures can be sccommodated by altering the logic from a two-out-ot-three to
a one-out-of-two.  Any aftemnt o actommodate addition failures by an intentional
bypass results in actuation of the protective function Alarms and displays are provided
s0 that the configuration of the ESF can be determined by the operator at any time

15

ftem B.1 (15)

Gi-116, Accident

This issue relates to improved operator training and
procedures for managing accidents beyond the design
basis of the plant.

Based upon a conferance call of 61995 vith the NRC Human Factors Branch, it was
agreed not to include this issue as part of the OER.
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TABLE 1 {Continued)

OPERATING EXPERIENCE REVIEW FOR THE APS00

lssues Addresied By NUREG 0711 Appendix B

issue Reference

Human Factors AspectHuman Performance issue

Human FectorsMuman Performance lssue Addressed by APS00 Design

item B 1 (16)

A key aspect of this item is providing operators with
neaded assistance in identifying risk-significant
combinations ol eguipment outages. The information

needad would include vaive alignments, switch seftings, as
weil as components deciared inoperable.

For the APSOU, the Wall Pane! Information System (WPIS) will display for each plant
operating mode or significant plant operating state, a mimic display that will provide a
physical ovarview of the status of the piant's significant systems ar+ key components
The wat panel mimic display will include the display of high-levei derived quantities, e g,
those that denend on a particular jog'. aigorithm. An example of a derived quantity is
the availability of safety systems. The WPIS will provide information to the main control
room (MCR) personnel summarizing those components and systems that are inoperable
The APS00 Wall Panel overview slamm displays, a.nng with the Visual Displey Unit
(VDU) displays, » il automatically present indication of bypassed or deliberately induced
inoperable safety equipment This will include the bypassing ot deliberately induced
inoperability of any auxiliary or supporting system that effectively bypasses o7 renders
inoperable the protection system and the systems actuated or controfled by the
protection system.

The QDPS will contair physical dispiays for the representation of the performance of
systams and components associated with the controi of safety related functions. These
physical displays will contain enough data so that the operator can moniter the operation
of the plant hardware  The lype of information to be put on these dispiavs will be
derived through a function based task analysis process (FBTA) Indicalively, the type of
information to be shown on the physical displays could be of the following types: 1) fow
path zlignments; 2} vave positions; 3) pump states; 4) tank levels and capacities,

5) heat exchangers heat balance; §) availability status of the support sysiems (electricit
cooiing, etc..); 7) system or component interiocks; 8) system or component operating
rules; 9) important data with interfacing systems.

17 jhem B (17) GI-120, On-line The designs for on-fine testabiiity should include The on-iine testing of the protection systems is accompiishad by a series of tests with
testability of appropriate human factors to ensure safe testing. sufficlent overlap to test afi necessary functions. Most of the testing Is performed
protection systams once initiated by the operator. A description of the system: relic Lility and

fault tolerance during operations, mainte::ance, test and bypass, and . description of the
built-in test capabiities are provided in SSAR Subsections 712 10 and 7.12 12

18 |tem B.1 (18) GI-125.1.3, Safety | This issue addresses Safety Parameter Display System Based upon a conferance call of 6/19/95 with the NRC Human Factors Branch, it was
parameter display | (SPDS) avaitability and the reliability of the information it agreed not 1o include this issue as part of the OER.
system avallability | displays

19 |[item B.1 (19) Gi-128, Elactrical This issue includes power 10 vital instrument buses, direct | Generic Issue 128 was created by combining Iesues 48, 49 and A-30. Resolution of
power reitability current (dc) power supplies, and electricai interdocks. Al of | lssue A-30 is contained in Generic Letter 21-04. The AP600 response to Generic Lefter

these Issues are strongly dependent on proper indication 91-06 is contsined in item 59 below. Resolution of Issues 48 and 49 is contained in

and operator action for high refiability Generic Lefter 91-11. The APS00 response 1o Generic Lefter 91-11 is contained in ltem
61 below. The APS0D response to Generic issue 128 is summarized in SSAR
Subsection 1 9.4 2 tem 128

20 jhemB 1 (20) GI-130, Essential | This issue relates 10 the armangemeant of SWS pumps and | NOT APPLICABLE: This issue conceming the faliure of SWS cross-ties at mutti-unit
service water pump | piping, including cross-ties at multi-unit sites. Both the sitas does not apply to the single unit APS0C design.
taitures at multi- arrangement and the operators’ ability to menitor the status
plant sites of cross-ties are important.  This iterm mentions potential

applicability to single-unit sites also.




e

’

96€150-Q1 Jdm ML

43

TABLE 1 (Continvad)

OPERATING EXPERIENCE REVIEW FOR THE APE0C

lssues Addressed By NUREG 0711 Appendix B

issue Reference issus/Scope Human Factors Aspect/MHuman Performance issue Human Fectora™uman Performance lssue Addressed by AP600 Design
ftem B.1 (21) HF1.1 This isve is similar to ftem LA 1 4 in Section B 2 (item 48 | Staffing issues are addressed by completing Element 5 (Staffing) of the HFEMSI design
of this table). process. Staffing levels are the responsibiiity of the COL applicant with the exception of
the MCR staffing See SSAR Section 18.7 for a description of the APS00 staffing
analysis plan for the MCR. SSAR Section 18,1, Subsection 5.2 2 ¢ also addresses MCR
staffing and limits on working hours
tem B.1 (22) HF4 4, Guidelines | This Issue addressas normal and abnormal procedures in Based upon a conference call of 6/19 35 with the NRC Human Factors Branch, it was
for upgrading other | the same marner as emergency procedures. agreed not to include this issue as part of the OER.
proceduras
ftem B 1 (23) HF4.5 M-MIS See HF5.2 below. Based upon a conference call of 5/19/95 with the NRC Human Factors Branch, it was
automation and agreed not to include this issue as part of the OER.
artificial intelligence
ftem B 1 (24) HF5.1, Local This issue addresses the M-MIS of iocal control stations The local control stations are included In the HFE/M-8IS design process. Among the
controi stations and auxiiary operator intertaces human factors criteria that are applied across the APS00 1&C and M-MIS design is the
criteria that each workstation, local control station, or other area of personnel activity, be
analyzed and designed to accommodate the following: 1) expected modes of operation,
inciuding maintenance and refueling: 2) staffing levels expected under sach of these
expected modes.
Also, refer to the responses of items 161 through 169
ftem B 1 (25) HF5.2, Review This concem is a combination of HF4 5, the originai HF5.2 | This issue is addressed by compieting Element 3 (Functional Requirements Analysis and
criteria for human | on annunciators, HFS 3, and HF5.4. Function Aliocation) and Element 7 (HS! Design) of the APS00 HFE/HS! design process.
factors aspects of As part of the existing Element 7 process as described In SSAR Subsection 1882, an
advanced controls HFE design guideline document will be created for each of the AP600 HSis. Refer to
and instrumentation WCAP 14844 for the APS00 Functiona! Requirements Analysi- and Function Allocation.
Refter to WCAP 14644 for the APS00 Functiona! Requiraments Analysis and Function
Aliocation.
ftem B.1 (26) HF5.3, M-MIS This issue involves guidance on M-MIS for new display and | This issue is addressed by completing Elament 7 (HSI Design) of the APE00 HFEMS!
evaluation of control technologies design process. As part of the Element 7 process as described in SSAR
operationa! aids Subseciion 18 8.2, an HFE design guideline document will be created for each of the
APS00 HSis.
item B.1 (27) HF5 4, M-MIS See HF5.2 above. This Issue is addressed by completing Element 3 (Functional Requirements Analysis and
computers and Function Allocation) and Element 7 (HS! Design) of the APS00 HFE/HS! design process
computer displays As part of the existing Element 7 process s described in SSAR Subsection 1882, an
HFE design guideline document will be created for each of the AP600 HSis.
tem B2 (1) 1v, High-pressure | The design should consider control room (CR) atarm and | NOT APPLICABLE: This issue is only applicable to BWR plants.
coolant infection indication of the initiation levels and low-level restart
and raactor core values.
isolation cooling
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TABLE 1 (Continued)

OPERATING EXPERIENCE REVIEW FOR THE APS0D

issues Addressed By NUREG 0711 Appendix B

Human Fectors Aspact/Muman Performance lesue

Human FactorsMuman Performance lasue Addressed by APS00 Design

The design shoulk?! consider CR alarm and indication of
SRV status and important parametars.

Status indication of the pressurizer safety/reliel valves and the steam generator
safety/refie! valves are provided in the MCR. Tha position status of these safety/relie!
valves is included in the list of variables and instrumentation needed to aliow the
operator to monitor and maintain the safety of the APS00 throughout operating
conditions that include accident and post accident conditions. SSAR Section 7.5
provides this Eist of variabies and instrumentation.

The pressurizer safety/reilef vaives and the steam generator safety/relie! valves will have
a full set of abnormality alarms and status massages in the MCR. The abnormality
alarms will appear in the overview of alarms as integrated into the WPIS. For example,
alarms alerting the operator that the valve is OPEN when # shouid be CLOSED or
CLOSED when it shouid be OPEN will exist and will appear in the alarm overview as
Iintegrated into the WPIS_ Status messages for the sxpected behavior of these safety
rellef valves will exist on the alarm support screens available at the operator's
workstation For example, status messages informing the operator that the valve is
OPEN when it should be OPEN or CLOSED when it should be CLOSED will exist and
be available on the alarm supput screens available at the operator's workstation

The AP600 alarm system is designed following tha HSI design process described in
SSAR subsection 18.P 2 as part of the APS00 HFE program.

ftem B.2 (3)

1vil, Automatic

system (ADS} stuay

Determination of the optimum ADS for elimination of
manual activation should include consideration of the
operators’ need to monitor the system and an analysis of
the time required for operators to perform manuai backup if
raquired.

The APS00 ADS has been designed 1o provide a controlled depressurization of ths RCS
following small LOCAs. It is automatically actuated on a low core makeup tank (CMT)
level, which is indicative of a significant loss of reactor coolant from the primary system.
The ADS functions to depressurize the primary system to enable gravity-driven safety
injection. The APG00 passive salety systems (including the ADS and the CMTs) actuate
automatically to provide core cooling, and to provide the operators sufficient time to take
manual actions as prescribed in the APS00 Emergency Response Guidelines (ERGs).
The timing of the accident sequences Is such that for small L OCAs, first stage ADS
actuation does not occur for at least 20 minutes after actuation of the CMTs. This
provides the operators sufficient time o diagnose the event, 1o properly monitor the
actuation of the ADS, and 1o perform manual backup i necessary, as prescribed in the
ERGs.

tem B .2 {4)

1vili, Automatic
restart of core
spray and low-
pressure coolant

This issue involves allocation-of-function considerations in
terms of automatic rastant of a system after manual
stoppage by the cperators.  Considerations of whether
automatic restart shculd be available, how it should be
implemented, and what alarm and indications are neaded
in the CR are required.

NOT APPLICABLE: This issue is only applicable to BWR piants
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issues Addressed By NUREG C711 Appendix B

Human Factors AspectVHuman Performance Issue

Human Factors™Muman Parformence lesue Addressed by APSOD Design

Consideration ol depressurization will involve the provisions
of alarms and indication in the CR.  Soma methods may
also require operator actions that should be subject to the
full design and implementation process.

Manual controlied depressurization of the primary system is employed to mitigate some
accident sequences. For Instance, in the response 10 a steam generator tube rupture
{SGTR), the ERGs and background documents {Refarence 2) instruct the operator to
depressurize the primary system to equalize pressure 1o the secondary system, and
thereby stop the release of primary coolant to the secondary system. This can be
achieved by use of the pressirizer spray  If normal or awdfiary spray is not avaiiable,
then a first stage ADS vaive i used to reduce the RCS pressure

Manual ADS is also used as a backup to automatic actuation of the ADS. In these
instancas. the operator manually actuates ADS on either 1) low CMT water level
iollowed by the failure of thy ADS vaives to open, 2) low hot leg level as a result of
failure of the ADS and/or subsequent of operator failure to racognize the need for ADS,
or 3) high core exit temperatures indicative of a significant degradation in core cooling
These associated paramaters will be alarmed by the Alamn System. The ERGs contain
optimal recovery guidelines and function restoration guidelines. The ERG background
documents contain a description of the accident sequences whers the use of altemate or
manuai depressurization is anticipated.

ftem B 2 (6)

The evaluation of design altematives for hygrogen control
systems should inciude the information needs of the
operators to assess the conditions that would require
system initiation and the degree of automation of the
systems

Hydrogen ignitors are provided to address the possibility of a beyond-design-basis event
which results in a rapid production of large amounts of hydrogen, such that the
containment hydrogen concentration would exceed the capactty of th- “assive
Autocatalytic Recombiners (PARS), thareby resuiting in the flammabiily limit being
exceeded The ignitors are incorporated in the design to address a low-probability
severe accident, and are not refied upon to mitigate design basis events The ignitors |
are actuated manually by the operators, as @ result of two conditions: 1) when the core
exit temperature reaches 1200 F (alarm), or 2) on receipt of a high hydrogen
concentration atarm as detected by the hydrogan monitors. There is no provision in the
design 1o actuate the ignitors automatically.

The selection and display of important safety parameters
and their integration into the overall design of the CR is a
primacy HFE issue.

The reguiatory requirements for an SPDS will be met by integrating the requirements
into the design requirements for the AP600 M-MIS, spacifically into the portions of the
system that produce the alarm messages (Alarm System), the Computerized Procedure
System (CPS) for emergency procedures and the process VDU displays (Plant
information System). The integration of the SPCS inte the APS00 M-MIS and a
description of how the AP600 M-MIS design satisfies the requirementsicriteria of a
SPDS is found in SSAR 188.2.

tem B.2 (8)

2v, Automatic
indication of
bypassed and
inoperable systems

Providing operators with the capability tc monitor the status
of automatic systems is an important function of the CR
information display system and a component important to
the maintenance of the operators’ situation awareness.

Alarms and displays (both workstation and WPIS displays) are provided so that the
configuration of the protection system can be determined by the oparator at any time.
This indication includes indication of bypassed and inoperable ftems.
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OPERATING EXPERIENCE REVIEW FOR THE APS00

issuas Addressed By NUREG 0711 Appendix B

Issue Reference

Humaen Factors AspectMumen Performance lssue

Human FactoraMuman Performance lssue Addressed by APSOC Design

ftsm B 2 (9)

Operator monitoring of the status of noncondensible gases
in the RCS and having clear, unambiguous indication of the
conditions under which gas release must be initiated should
be evaluated for HFE design impiications

SSAR Subsaction: 5 4 12 discusses the APS0O high point vents inciuding the reactor
vessel (RV) head vent.  Tha requiraments for high point vents are met for the APS0C by
the RV head vent vaives and the ADS valves The primary function of the RV head ven!
is for use during plant il and startup o properly fill the RCS and vessel head. Both RV
head vert valves and the ADS velves may be activated and controlied from the MCR
The APS00 does not require use of an RV head vent to provide satety-related core
cooling following a postuiated accio wnt

The first stage vaives of the ADS are attached to the pressurizer and provide the
capabifity of *emoving noncondensible gases from the pressurizer steam space following
an accident Gas accumulations are removed by remote manual operation of the first
stage ADS valves. The discharge of the ADS valves is directed lo the in-containment
ralusiing water storage tank (IRWST). Subsection 5 4 6 and Section § 3 of the SSAR
discuss the ADS valves and discharge System

The APS00 ERGs specily in ERG AE-1, Step 17 that tha plant stalf be consulted to
dstermine if the vessal head should be vented Their decision would be based on the
specific accident saquence and available systems Operation of the ADS typically

obviates the need for venting of the head to precerve natural circulation cooling.

Although not required to provide safaty-reiated core cooling following a postulated
accident, the RV head vent vaives can remove noncondensible gases or steam from the
RV head 1o mitigate a possibie condition of inadaquate core cooling or impaired natural
circutation through the steam generators {SGs) resuiting from the accumutation of
noncondensibie gases in tha RCS  The design of the RV head vent system is in
accordance with the requirements of 10 CFR 50 .34 () 2)(vi).

Tha RV head vent valves could aiso be used during a severe accident (beyond-design-
hasis) scersrios where muitiple failures in the safety-related systems result in fuel
damage and the generation of noncandansible gases ‘hat collect in the vessel head
Combinations of multipie failures in the safely-related systems could make venting the
head 1o afleviate the bulldup of noncondensible gases desirzble
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OPERATING EYPERIENCE REVIEW FOR THE APSOD

lssues Addressed By NUREG 0711 Appendix B

Rem issue Refersnce lasua/Scope Human Factors Aspect/Muman Performance issue Humean FactorsMuman Performsnce lssue Addressed by APS00 Design
37 jwem B2 (10) 2xi, Diract The atarming and indication of SRV status shouid be clear | Status indication of the pressurizer safely/retief valves and the steam generator
indication of satety | and unambiguous and should be evaluated for HFE design | satety/relief valves are provided in the MCR. The position ststus of these salety/reliaf

refief valves in CR

implications

valves is included in the list of variables and instrumentsation neaded to allow the
operator o monitor ano maintain the safety of the APS00 throughout operating
conditions that include accident and post accident conditions.  SSAR Saction 7 5
provides this list of vanables and instrumentation

The pressurizer sataty/ralial vaives and the steam generator safety/refiel valves will have
8 full set of abnormality alarms and status messages in the MCR. The abnormality
alamms will appear in the oerview of alarms as integrated into the WPIS. For example,
alarms alerting the operator that the valve is OPEN when it should be CLOSED or
CLOSED when it should be OPEN will exist and will appear in the alarm overview as
integrated into the WPIS  Status messages for the expected bshavior of these salety
refie! valves will axist on the alarm support screens avaitable at the operator’s
workstation For example, status messages informing the operator that the vaive is
OPEN when it should be OPEN or CLOSED when it shoutd be CLOSED will exist and
be available on the alarm support screens available at the operator's workstation

The APE00 alarm system is designed following the HSI design process described in
SSAR Subsection 18 8.2 as part of the APS00C HFE program.

38 |MemB2(11) 2xil, Auxifiary The HFE aspects of providing indication and initiative for NOT APPLICABLE: The APSOO does not have an AFW system  The AP600 Passive
teadwater (AFW) AFW should be avaluated Residual Heat Removal (PRHR) system functionally replaces the AFW system  Refer to
indication and SSAR Section 6.3 for a description of the Passive Core Cooling System (FXS) which
initiation includes the PRHR system  The indications needed o menitor the proper operation of

the PRHR system are identified and verified through the FBTA process as described in
SSAR Subsection 1882

49 ([remB2(12) 2xvi, Number of As part of the spacification, allowable actuation cycles and | INPUT THIS ISSUE INTO THE DESIGN ISSUES TRACKING SYSTEM.
actuation cycles for | the method by which cvcles will be defined, recorded, and
the emergency tracked by the operating crew, shoulG be evaluated for HFE
core cooling system | dasign implications.
and reactor
protection system

40 |iemB2(13) 2wvii, CR The selaction and display of imponant paramaters and their | The WPIS provides dynamic displays and mimics that present information orienting MCR
instrumentation for | integration into the overall design of the CR is a primary operators and those antering the CR (operator shift tumover, technical staff. plant
various pamameters | HFE issus. management, etc ) to the currant status of the plant. For each plant mode or significant

plant state within an operating mode, the WPIS includes a mimic display that provides a
physical overview of the plant’s significant systems and respective key components.
The wall panel mimic display includes the dynamic display of key piant parameters so
that ths reactor operator or a parson entering the MCR can establish the plant operating




96E L5001 jdm M 282\ W

L

TABLE 1 (Continued)

lasues Addressed By NUREG 0711 Appendix B

tssue Reference

Humsn Fectors AspectHuman Performance lssue

Human Factors™uman Performance issue Addressed by APEOC ©

tem B 2 (14)

The selection and display of important parameters and their
integration into the overall design of the CR is a primary
HFE issue

mwmmmmnumnwum
mnwwbumm.mmumum
wmmumw(mw).umum
procedures and the process VDU displays (Plant information System) Rafer to SSAR
Subsaction 18 8.2 for a description of the SPDS.

Fm-nmwncrsmmmdumm
functions (CSFs), alerts the operator fo a degradec function, and suggests the
appropriate function restoration guideline. Core Cooling is one of the CSFs.

Also, refer to SSAR Subsection 193

ftem B 2 {15)

The selection and dispiay of important parametars and thei
intagration into the overall design of the CR is a primary
HFE issue

The sslection and display of the parameters which perform the post-accident monitoring
function Is part of the design process, analysis, and results presented in SSAR
Saction 7.5 An analysis is conducted to identy the appropriate variables and to
establish the appropriate design basis and qualification criteria for instrumentation
empioyed by the operator for monitoring conditions in the RCS, the secondary heat
removal syster:, the containment, and the systems used for attaining 4 safe shutdown
condition. Three categories of design and gualfication criterta are used (SSAR
Subsection 7.5 2). Category 1 instrumentation has the highest performance
requirements and is used for information that can not be iost under any circumstances
The QDPS is the HSI that provides the Class 1E displeys to the operators in the MCR.
The QDPS displays will include all Category 1 variables and some Category 2 variables
(Table 7 5-1 of the SSAR). The specific displays of the QDPS result from the
completion of the HS! Design process (Element 7). The HSI design process is
described urder SSAR Subsecton 1882

ktem B.2 (16)

The specification and evaluation o\ manual and automatic
actions should be subject to the function allocation
analyses performed as part of the design and
implementation process

This issue is addressed by Elament 3 (Functional Requirements Analysis and Function
Aflocation) of the APS00 HFE/MM! design process. Detalls of Element 2 are found in
SSAR Subsection 1882

tem B2 (17)

2wxiv, Racording of

The selection and display of important parameters and their
integration into the overall design of the CR is a primary
HFE issue

The requirements for RV-tevel indication are prodsd by redundant, satety-related

RV -evel instrumentation. As shown in SSAR Figure 5 1.5, these instrument channels
(LT-180 and LT-170) have one level tap that connects to the bottom of a hot teg, and
one level tap that connects to the top of the hot leg bend that connects to the steam
genarator. This instrumentation is used to provide RV water level during an accident,
and is also used 1o provide hot e leve! during shutdown operations including mid-loop
This instrumentation provides indi~ation of RV water level for a range spanning from the
bottom of the hot leg 1o approx«.ialy the elevation of the mating surface. This
instrumentation is temperatur, compensated and provides accurate level maasurement
during all modes of operation. Refer to SSAR Subsection 193,
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lssues Addressed By NUREG 0711 Appendix B

lseue Reference

Human Factors AspectMuman Performance lssue

Humen Factors/Human Performance issue Addressed by APSOC Design

ftem B 2 (18)

The dasign of the TSC, OSC, and EOF shouid include HFE
considerations 10 ensure that the personne! located in
these facilities can mos! effectively perform their satety-
retated functions.  Poor HFE design of these facilities may
intertere with tha performance of operators in a well-
designed CR.

The design of the TSC, ramote shutdown facifity, and the OSC ars govemed by the
same HFE design program as the MCR design. Chapter 18 of the SSAR describes the
APS00 HFE program  This program is designed around the ten elements of the HFE
Program Review modei presentad in NUREG-0T 11

The COL appticant shait address the design of the EOF

ftem B 2 (18)

The selectior and display of important paramsters and their
integration into the overall design of the CR is a primary
HFE Issue

The main control area is the location within the MCR from which the overall operation of
the plant is accomplished  Within this area are operator workstations and wall panel
displays

The types of information screens avallabie to the operators include:

» Functional dispiays

+ Physical mimic displays

* Procedure displays

* Alarm support displays

* Spacial purpose displays.

All radiation monitoring alarms are indicated in the MCR and the instrumant readings are
available for display An ampilified description of the main control area is in
Subsection 18 5.1 A description of the HFE design process is found in SSAR
Subsection 1882

47 |hem B2 (20) 2xxviii, CR While potential pathways for radioactivity to affect L™ The nuclear island non-radioactive ventilation system (VBS) is a nonsafety-related
habitability habitability may be identified and design solutions to systam which supplies the MCR. It includes radiation monitors in the supply ducts, with
preciuds such problems may be developed, the CR alait 10 Indicate high radiation levels in the pethway. If the radiation level! is above the
oparating crew should be aware of potential pathways. I | Hi-Hi setpoint, the normal heating, ventitation and air-conditioning (HVAC) system is
warmranted, svaluations of methods to monitor in the CR the | automaticaily stoppad and the CR is then isolated The safety-related emergency
integrity of the design solutions and the presence of habitability system (VES) is initiated on the same signal. and it provides air for
radiation in the pathways should be considerad respiration of the CR cccupants and pressurization of the CR pressure boundary The
air is not delivered through the isclated HVAC duct, but is delivered through dedicated,
saparate lines which penetrate the CR pressure boundary  The VES is designed to
maintain a positive pressure of 1/8" water gauge in the MCR pressure boundary with
respec! to surrounding moms.  The systam incorporates redundant pressure
instrumantation with alarms 10 provide indication that this function is met.

48 |Hem B2 (21) LA 14 Longterm | This issue concams shift staffing with licensed operators Staffing issues are addrassed by completing Element 5§ (Staffing) of the HFEMSI design
upgrading of and working hours of licensed operators  Updates to 10 process. Staffing levels are the responsibility of tha COL applicant with the exception of
operating personne! | CFR 50 54 were approved. the MCR staffing  See SSAR Section 18 7 for a description of the APG00 staffing
and staffing analysis plan for the MCR. SSAR Section 16 1, Subsection 5.2 2 d also addresses MCR

staffing and limits on working hours.

48 |[rem B2 (22) LA 42 Simulator | This issue involves the improvement of the use of This issue is addressed by completing Element 8 (Training Program Development) of
capabilitas simulators in the training of operators. the HFE Design Process.  Training program development is the responsibility of the COL

applicant as documentad in SSAR Section 132 and 1899
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issues Addressed By NUREG 0711 Appendix 8

issue/Scope

Human Factors AspectHuman Performence lssue

Human Factors™uman Performance lssue Addrersed by APSOC Design

1D 5.1, CR design,
improved
instrumentation
rasearch alarms
and displays

This issue invoives the MM! in the CR with regard to the
use of ights, alarms, and annunciators to reduce the
potential tor oparator error, information overioad, unwanted
distractions, and insufficient organization of information

The function of the APS0C Alarm System is to support the MCR operators with the
following activities of human decision-making (adopted from Rasmussen's model of
human dacision-making)

1) the ALERT activity, | e, alert the operator to off-normal conditions:

2) the OBSERVE WHAT IS ABNORMAL activity, i.e, aid the user in focusing on
the important issue(s).

3) help with the process STATE IDENTIFICATION activity, | e, aid the user in
understanding the abnormal conditions and provide corrective action guidance,
as far as 1o guide the operating crew into that area of the complete Plant
information: Dispiay System in which the data/in'ormation about the abnomality
and #ts resolution can be found

The APS0O0 Alarm System addresses the problem of alarm avatanching and operator
data overioad by managing the presentation of the alarms to the operators in such a
manner as 1o reduca the number of aiarms presented simultanacusty during major
disturbances, while maintaining sensitivity during small disturbances  The Alarm System
is robust enough to.  8) show muitiple major process problems; b} not be overwheimed
by minor alarms that are related to, or are consequence of, the process problems
(avalanching), and c) elevale minor aiarms to a place of attenticn-provoking
significance, when they are the most significant process abnormalities  However, those
active alarm messages which are not currently displayed are accessible and avaiiadle to
the operators, upon request.

The Alarm System aids in directing the operator to the area in the informationai display
system of the CR that contains specific data related 1o eliminating, diagnosing. and
mitigating the process abnormality. The Alarm System also provides a link from & given
alarm to its apphicable computerized alarm rasponse procedure

lssun Reference
ftem B 2 (28}
ftem B 2 (29)

NFiand HF2
Same as ftem 82
13 and 14 above

These issues address detailed CR design issues reiated to
instrumentation (I F 1, "Additional accident monitoring
instrumentation,” and It F 2, “Instrumentation for detection
of inadequate core cooling®)

This is addressed by the response to ftems 40, 41 and 44
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ftem B 3 (1) Genaiic Lefter 91- | in this generic letter, NRC proposes certain monitoring, The following responses are provided to the questions raised in tha attachment to

06, Resolution on | surveillance, and maintenance provisions for safety-reiated | Generi: Lefter 91.06. The responses are numberad to match the question numbers in
(GI) A-30, dc systems Generic Letter 9106 SSAR Subsaection 8.3.2 1.1 describes the features of the Class
Adequacy of saiety- 1E dc and UPS system

related DC power 1 Unit - APS0OO

supphes 2a Tha number of independent redundant divisions of Class 1E dc power for this

plantis 4

b The number of functional safety-related divisions of dc power necessary to
attain safe shutdown for this unit is 3

3a The following alarms are provided lor each division of dc powear

. battary test/disconnect switch status and baftery open circuit alarm (open

circuit alarm provided by the battery monitor system)
battery charger disconnect switch status and baftery charger output breaker
status
dc system ground detection alarm
dc bus undarvoltage
battery over/under voltage (provided by the battery monitor system) and battery
charger ocutput over‘under voltage
battery charger ac input power failure and battery charger trouble alarm
battery dischargs rate alarm
The following indications are provided for each division of dc power
. baftery current - used for float, charge, and discharge
dc bus voltage
Proceduras lor response to these alarms and indications are a COL applicant
issue
The battery chargers are provided with input undervoltage alarms and the input
breakers are provided with breaker trip alarms.  In addition, a spare battery
and charger are provided for use during maintenance and testing of the
batteries and chargers.
Not applicable.
Maintenance and testing activities and procedures ars a COL applicant issue
The APS00 Technical Specifications (TS) are similar to thoss found in the
Waestinghouse Standard TS for mainienance and surveillance of Class 1E
slactrical systems
Capabiiity is maintained for ensuring continued and adequate reactor cooling
following the loss of one safety-related dc powsr supply or bus
RCS integrity and isolation capability are maintained following the ioss of one
salety-reiated dc power supply or bus.
Operating proceduras are 3 COL appiicani issue
Not applicable

fera B3 (2) This generic lefter discusses the interaction between GI-23 | NOT APPLICABLE: The APS00 dasign specifies reacior coolant pumps with canned
and A-44  both of which have human factors aspects. motors that have no seals Relertc SSAR5133and 54 1
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OPERATING EXPERIENCE REVIEW FOR THE APS00

lssues Addressed By NUREG 0711 Appendix B

Human Factors AspactMHuman Performance issue

Human Factors/MHumsnr Performance lssue Addressed by APE00 Design

This generic lefter addresses several issues related tc
elactrical systems including the reduction of human errors,
control of equipment status. and testing

The three statements below address the three recommended actions of Generic

Lefter 90-11

1 The time limitations and surveillance requiraments for vita! instrument buses are
addressed in TS, SSAR Saction 16.1, Subsections 385 and 386

2. The time limitations and surveillance requirements for Class 1E inventers are
addressed in TS, SSAR Section 16.1, Subsections 383 and 384,

3. The APSOC design does not contain any tie breakers that can connact radundant
Class 1€ buses The one-fine diagram for the Class 1E dc and UPS systems are
shown in SSAR Figures 832-1 and 8322

ftem B 2 (4)

The APE00 Alarm System informs the MCR crew about those failures, within the
equipmant comprising the system, that could degrade to the point where either system
performance is reduced or system availability is threatened. The APGO0 Alarm System
design philosophy is such that the system’s preferred fedure mode is through a
succession of “gracefully degrading” states of operation rather than a “sudden death”
The alarm overview displays, integrated into the WPIS displays. include a display of
alarm messages that describe fallures or degradation of equipment that comprise the
Alarm System  Since the alarm overview displays ars integrated into the WPIS, a
dynamic indication that the WPIS is running is used to filustrate to the CR operators that
the system is not “hung” in a frozen condition.

ftem B.3 (5)

mph > of Engineering Expertise on Shift.

This issue is addressed by completing Element 5 (Staffing) of the HFE Program Review
Modei (NUREG-0711) and the APS00 HFE design process. Refer to SSAR Section

18 7 (Allocation and Determination of Staffing) for a descriptic  of the AP600 Staffing
implementation plan COL applicants will address the staffing leveis and qualifications of
all plant personnal.

em B 4

CR Organization
Staffing and

CR staffing levels had impaired crews in pa:forming their
emargency functions. CR personnel were overburdened
during emergencies. Based upon a review of NUREG-
1275, WCAP-14114 (Section 6 2 discusses cases where
operators faited 10 take a required action due to a mental
lapse because of a high workioad situation

This issue Is addressed by completing Element 5 (Stafting) of the HFE Program Review
Model (INUREG-0711) and the APSOC HFE design process Workload analysis is parn of
the task 2nalysis (Eiament 4) to be performed as part of the APS00 HFE design process
The workioad analysis provides an indication of the adequacy of CR staffing
assumptions. In cases where the analysis indicates high opematar workioad values or
insufficient time available for performance, we will evaluate altemative CR staffing
assumptions or changes to the M-MIS design or iask aliocation to reduce operator
workioad. Refer to SSAR Section 187 for a description of the staffing implementation
pian and refer to SSAR Subsection 18 8.2 for a description of task analysis
implementation plan which includes workioad analysis

ftem B 4

CR Organization --
Shift Tachnical
Advisor (STA)

The use of the "dual-role” STA-impaired crew performance
because tha other senior reactor operator (SROs) were
overicaded when one SRO assumad the STA role.
Assignment of other tasks during events detracted from the
STA's safety function

This issue Is addressed by complating Element 5 (Staffing) of the HFE Program Review
Model (NUREG-0711) and the APS00 HFE design process. Workioad analysis is part of
the task aralysis (Element 4) to be performed as part of the AP600 HFE design process
The workioad analysis providas an indication of the adequacy of CR staffing
assumptions. In cases where the analysis indicates high operator workdoad values or
insufficient time avaflable for performance, we will evaluate altemative CR staffing
assumptions or changes to the M-MIS design or task allocation 1o reduce operator
workicad Refer to SSAR Section 18.7 for 2 description of the staffing implementation
plan and refer to SSAR Subsectic.: 18 8.2 for a description of task analysis
implamentation plan which includas workioad analysis.
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66 |jhemB4 CR Organization -- | Critical performance in complex systems depends on the For the APS00 MM! design. the following elements of situation aware.ess have been
Teamwork Findings | coordinated activity of a group of individuals which includes | adopted. a) the awareness of current piant state, b) awareness of changes in plars
all factors rafated to pedformance of the operating craw state. and c) the links from the wall panel group overview displays to the indvidual
Based upon 2 review of NUREG-1275, WCAP- 14114 workstation displays

(Section 8§ 1) discusses cases whera there wers low levels
of task awareness, command, control, and communication. | As one of tha AP600 M-MIS resources available 10 the MCR opwsators, the WPIS
These events llusirate fallures to maintain broad provides and maintains situation awareness by presenting plant information on a large
awareness of ongoing activities and their implications. Of | screen dispiay and possessing the design features to address each of the three
particular concern are failures of supervisory personne! in | elements

maintaining awareness of the aciivities of the personne!
under their diraction

The foflowing provides two cxampies of design features of the WIS that address the
first element of situation awareness: 1) For each plant mode or each significant piant
state within an operating mode, the WPIS includes a mimic display which provides a
physical overview of the plant's significant systems and respective key components; and
2) The wall panel mimic display includes the dynamic display of key plant parameters so
that a reactor operator, supervisor or 8 person entering the MCR can establish the plant
operating status.

To addrass awareness of changes in piant siate, the Alarm System's overview displays
are incorporated into the AFS00 WPIS cverview and mimic displays The atarm
overview portion of the WPIS performs the “aierting” activity in the human dec 'sion-
making process

The third element of situation awareness is the links that are provided from the wall
pane! displays to the individual workstation displays For systems of workstation
displays as large as the one required for AP600, asking operators o find and select the
most appropriate dispiays when unanticipated plant changes occur can impose a large
mental burden and can be time consuming, when other activities may be time critical
When significant changes to plant parameters occur, operators need to know which
workstation displays are appropriate and the most efficient method to locate and select
those displays. Operators will not be requirad o conduct lengthy searches for dispiays
at the point when significant changes in plant state has occurrad  Operators need to be
able to get to any dispiay they need quickly and efficiently Thersiore, the WPIS
displays provide the abifity o identity and to access the most appropnate workstation
display from the wall pane! Specifically, the WPIS possessas the foliowing design
features to address the third slement of situation awareness: a) When changes in piant
state have occurred as indicated on the WPIS, operators &re not required to conduct
lengthy searches through the workstation displays for mora detalled information. When
a change occurs, as indicated «n the mimic display (& changing plant parameter) or the
wall pane! alarm overview display, the WPIS identifies the most appropriate workstation
displays. b) The WPIS provides the capability to directly access from the wall panei the
most appropriate workstation display that provides more detailed information about the
change that is occurring or has ocourred.
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issue Refarance lssus/Scope Human Factors AspectHumsn Performance issue Humean Factors/MHuman Performance lssue Addressed by APSGC Design
Hem B 4 Procedures - Operators acted during events without using a procedure The development of plant procedures, including administrative procedures such as
Procedural Procedurs content, ease of use, and management policy procedursl compkance. are the responsibility of the COL applicant as documented in
Adhaerence and practices influenced procedure use Based upon a SSAR Section 135
review of NUREG-1275 WCAP-14114 (Section 4 5)
discusses cases where procedures were available but not
used
llem B4 Procadures - Operatore experienced difficulty in applying knowledge to | The development of plant procedures are the responsibility of the COL applicant as
Knowiedge-Based | unusual plant conditions, which resulted in delays in documented in SSAR Section 13.5
Performance recognizing and responding to events.  Basad upon a
During Events review of NUREG-1275, WCAP-14114 (Section 4 1) Completion of Element 7 (HSi Design) of the HFE Program Review Mocdel

discusses cases whers the patticular situation was not fully
covered by the procedure requinng knowledge-based
reasoning to fill in gaps and adapt to the situation

(NUREG-0711) and the APS00 HFE Design Process helps address this issue A
fundamental tanet cf the APS00 HFE/M-MIS design process is that, in addition to
ensuring that the M-MIS supports the task of process equipment controi and operation,
the interface design basis includes consideration of those cognitive tasks that represent
how humans reason, assess situations, and make decisions in a real-time process
control environment.  The premise for this design basis is that errors of intention
{incorrect or impropar decision-making) can be reduced if the set of tasks that the M-MIS
is designed 1o support includes those cognitive activities experienced while operating the
plant. To accompiish this design basis, an input to the task analysis activities is an
operator decision-making mode!.  This model is utilized in the M-MIS design process tc
provide a structurs for and to heip determine the cognitive needs of the plant operations
personnal. The model is used to define ths set of quastions that are used in the
cognitive task analysis part of the FBTA. The definition of information and control
requiraments that results from answering this set of questions supports operator
performance at all three levels in Rasmussen's decision-making model (i @ , skili-based,
rule-based, and knowledge-based reasoning). Using the output of the FBTAs as an
input to the design of the M-MIS, should result in 2 MM that supports the kind of
knowledge-based reasoning that is requirad to handie unanticipated events or events
where axisting procedures may require knowledge-based reasoning to fifi in gaps. The
FBTA is based on a fundamental analysis of plant goals and functions and is effective in
designing M-MiSs to support operator performance in preanalyzed situations (executing
2 procedura) and unanticipated situations
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Human Factors AspectMuman Performance lesue

Human Factors/Human Performance lss "y Addressed by APSOD Design

During transiants that result in a reactor trip, 8 large
number of annunciators are activated; their usefulness to
tha operator is diminished as the number of low priority
annunciators increases  Prioritization of annunciators could
improva the effectiveness of this system.

The function of the APS00 Alarm System is to support the MCR operators with the
following activities of human decision-making:

1) the ALERT activity, i &, alert the operator to off-normal conditions.

2) the OBSERVE WHAT IS ABNORMAL sctivity. | e, aid the user in focusing on
the important issue(s).

3) halp with the process STATE IDENTIFICATION activity, i e, aid the user in
understanding the abnormmal conditions and provide corrective action guidance,
as far as to guide the operating crew into that area of the complete Plant
information Display System in which the data/information about the abnormatity
and its resolution can be found

The APE0OO Alarm System addresses the problen. of alarm avalanching and operator
data overioad by managing the presentation of the alarms to the operators in such a
manner as o reduce the number of alarms presented simultaneously during major
disturbances, while maintaining sensitivity during smal! disturbances The Alamm System
is robust enough to: &) show muitiple major process problems; b) not be overwheimed
by minor aianms that are related to, or are consequence uf, the process problems
{avalanching). end c) elevate minor alarms fo a place of attention-provoking significance,
when they are the most significant process abnommalities. However, those sctive atarm
messages which are not currently displayed are accessible and avaiiable to the
aperators, upon request.

Part of the method used to manage the presentation of aiarms to the operator is the
functionai organization of the alarms. The overview alarms are organized by function,
such as RCS pressure control, RCS temperature control, RCS inventory and SG water
level control. Within each function, there are goal-related alarms and process-related
alarms for the respective function. The alarms within each function are prioritized such
that only the highest priority, goal-related alarms and process-raiatad alzrme for that
‘unction are displayea  1his functional organizetion and prioritization of alarms provides
an efficient way of directing and focusing the operators aftention to the transient and its
source  The ovarall importance to plant safety or the urgency of operator action is easily
determined from this mathod of alarm presentation

The Alarm System aids in directing the opsrator to the area in the informational display
system of the CR that contains specific data related to eliminating, diagnosing. and
mitigating the process abnormality. The Alarm System also provices a link from a given
alarm 1o its appiicable computerized alarm response procedure.
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Crew rasponse was afected by availability of
instrumentation, appropriatensss of the instruments to the
task, 2nd the relative locaticn of the instruments and
commis. Based upon a review of NUREG-1275, WCAP-
14114 (Section 2 1) discusses cases where the piant
parameter indicators required for monitoring or control were
unavailable or inadequate.

Compietion of Element 4 of the HFE Program Review Model (NUREG-0711) and the
APS00 HFE design process includes an FBTA as pant of the overall task analysis. The
task analysis implementation plan is described in SSAR Subsection 18.8.2 For each
Level 4 plant function shown on figura 18 6.7 of the SSAR, an FBTA is performed
There are four components 1o an FBTA  First, analysis is done to identify the compiate
set of goals relevant to the function. Second, & functional decomposition is done. This

mmwmmmhmw Finally, there is a
verification that the indications parameters, and controis idertified in the cognitive
analysis are all included in the APS00 design.

In addition, as part of the background documentation for the APS00 ERGs, the
instrumentation and conirois neaded 10 execute each step within each of the guidelines
(optimal recovery guidelines and function restoration guidelines) is identified. Varification
that the needed instrumentation and controls, identified here, are all includad in the
APSD0 design is part of the APG00 design process.
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issue Reference ssue/Scope Human Factors Aspect/Human Performance issue Humen FactoreMuman Performance lssue Addressed by APSOC Design
Subsaction 2.1.1 MCR - System integration of information During unplanned transients, the The function of the APS00 Alarm System is to support the MCR gperators with the
Integration operators are presented with an overwheiming volume of following activities of human dacision-making.

immadiate information A befter display integration and
increased automation may help them through these
avolutions.

1) the ALERT activity, | e, alert the operator to off-normal conditions;

2) the OBSERVE WHAT IS ABNORMAL activity, i @, aid the user in focusing on
the important issue(s),

3) help with the process STATE IDENTIFICATION activity, i e, aid the user in
understanding the abnormal conditions and provide corrective action guidance,
as far as 10 guide the operating crew into that area of the complete Plant
information Display System in which the data/information about the abnormality
and its resolution can be found

The APS0O0 Alarm System addresses the problem of alanm avatanching and operator
data overioad by managing the presantation of the alarms tc the operators in such a
manner as to reduce the number of alarms presentad simultaneously during major
disturbances, while maintaining sensitivity during small distutbances  The Alarm System
is robust enough to: a) show multiple major process problems; b} not be overwhelmed
by minor aiamms that are related to, or are consequence of, the process problems
{avalanching), and c) slevale minor alarms to a place of attention provoking significance,
when they are the most significant process abnomalities. However, those active alarm
messages which are not currently displayed are accessible and available to the
operators, upon request.

The Alarm System aids in directing the operator to the area in the informationai display
system of the CR that contains specific data related to sliminating, diagnosing, and
mitigating the process abnormality The Alarm System also provides a link from a given
alanm to its applicable computerized alarm response procedurs.

The APS0C M-MIS includes a CPS that assists the plant operators in moritorir.g and
controfling the execution of plant procedures.  For a given procedure, the status of each
procedure step is dynamically determined and presanted 10 the operator alone .«m the
supporting plant in‘ormation.  To alleviate the inherent fixed linearity of pape .-based
procedures, the CPS performs paralflel monitoring activities versus the ope‘ator in paper-
based procedures A parallel monitoring activity is a plant condition, state or parameter
that is monitorad by the computer in parallel with the activity of guiding the perator
through the respactive procedure.  Types of paraflel information monitored by the CPS
ars the status of CSF, procaedure notes and cautions, foldout page items, initia od
actions (continuous action steps} and continuously monitored parameters. With he CPS
dynamically determining the status of each procedure step and performing paraliai
monitoring activities, the delays caused by the inherent fixed linearity of executing paper-
based procedurss are minimized or efiminated.  The CPS provides diract links from
steps to the associatad Plant Information System Displays (physical process, tunctional,
automatic monitoring logic or soft control displays)
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Humar “actora/Human Performance issue Addreasad by APSCO Design

in Control Modes In transient situations, operators
often have 1o take manual control of many of the tasks that
were automatically controlied  This change in control
modes by itself is a challenge 1o the operators, and when
added in the middie of a significant transient, with its
information integration probiems, is even more demanding.

The information integration problems are addressed by the APS00 design as described
above in em #77.

The APB0Q 1&C System design incorporates automatic functions not avaitable in
previous plant designs. This is the result of effor's to minimize the operators manual
workdoad during normal plant transients (such as a startup) and during unanticipated
transients (such as a reactor trip).  The feedwater control system in the APS00 is one
example  The APS0OC feedwater control systemn automatically controls SG water levels
from power levels low in the power range (0% 10 2% power) to 100% power. In today's
piants, operators are required to control feedwater flow and SG water level in manual
untit they have reached about 20% power. Another exampie is the use of the AP600
Startup Feedwater System. Foliowing a reactor irip, the SFS flow is auviomatically
controfied to maintain the desired SG leveis.  iIn today's plants, the operators must
manually control AFW flow to maintain desired SG levels.

Memorization Operators have to memorize their inftial
actions after a reactor rip, and are expected to accomplish
them prior to procadural checks. Operator aids may assist
in the initial actions.

Following a reactor trip, the APS00 CPS is activated and the operator is directed to the
computerized reactor trip response procedure. The CPS dynamically determines and
providas the status of each procedure step along with any necessary supporting
information. In today's plants, the operator must not only memorize the immediate
action steps, but must also search the main control board for the indications 2nd controls
to provide the capability of determining the status of the immediate actions.

Processed informaticn  Much infermation hes 1o be
caiculated by operators that could be provided directly with
current technology  Computer-processad and validatad
data and caiculated values can ba provided to the operator
in an integrated fashion.

The APS0D M-MIS takes advantage of current computer technology and automatically
calculates and then presents the neaded information to the operators. In today’s plants,
the operator must manually caiculate the needed information  One example of
caicutated information provided by the APG00 Plant Information System, are trend
displays. During a plant heatup or cooidown, the APS00 Piant information System will
provide heatup and cooldown rate trenc dispiays at the operator's workstation.

Test and Maintenance Surveillance testing can creats
problems such as: number of tests, additional cperators
required, producing a spurious alarms, inadvartent
actuations, and potantial for @ plant trip. The systems
should be designed 10 be tested perodically without
creating incidents.

The APS00 Inservice Test Plan (SSAR Subsection 3.8 6) documents the survaillance
test raquirements for the APSOC (IST). In developing this plan, Westinghouse has
considared the difficulty of performing each surveillance tect. in some instances, ISTs
that would be potentially probiematic at-power are deferred 1o either cold shutdown or
refueling conditions. In other cases (such as the ADS valves) a speciai interlock has
been developed to preciude the possibility of the operators causing a plant transient due
to & misafignment of the ADS valves during testing  Other features which facilitate
inservice testing of the PXS are described in SSAR Subsection 6.36.2.

The on-line testing of the protection system is accomplished by a series of tests with
sufficlent overtap o test all necessary functions. These tests are designed 1o be
accomplishad without generating spurious alarms and inadvertent trips and actuations
When a protection cabinet is being tested, it is piaced into a bypassed state or otherwise
removed from service o pravent inadvertent actuations and potentiai for a plant trip.
Most of the testing is performed automatically once initiated by the operator. A
dascription of the pmtection system reliability and fault tolerance during operations,
maintenance test and bypass and a description of the buiit-in test capabilities are
provided in SSAR Subsections 712 10 and 7.1.2.12.
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Avalanche of Ailarms The single biggest issue in the
design of advanced alarm systems is the need to reduce
the avalanche of alarms during plant upset

The function of the APS00 Alarm System is 10 support the MCR operators with the
following activities o! hurman decision-making:

1) ALERT activity, i e, alert the operator to off-normal conditions.

2) OBSERVE WHAT IS ABNORMAL activity, i e, aid the user in focusing on the
important issue(s).

3)  help with the process STATE IDENTIFICATION activity, | e, aid the user in
understanding the abnormmal conditions and provide corrective action guidance,
as far as o guide the operating crew into that area of the complete Plant
Infermation Display Systern in which the data/information about the abnormality
and its resolution can be found.

The APS00 Alarm System addresses the problem of alarm avslanching and operator
data overicad by managing the prasentation of the alarms o the operators in such a
manner as to reduce the number of alarms presented simultanaously during major
disturbances, while maintaining sensitivity during small disturbances. The Alarm Systery
is mobust enough 1o a) show multiple major process problems: b) not be overwheimed
by minor alarms that are reiated to, or are conseguence of, the process problems
{avalanching). and c) elevate minor alarms to a place of attention provoking significance,
when they are the most significant process abnormalities. However those active alam
messages which are not currently displayed 2@ accessible and available to the
operators, upon request.

The Alarm System gids in directing the operator to the area in the informational display
system of the CR that cortains specific data related to eliminating, diagnosing. and
mitigating the process abnormality. The Alarm System also provides a fink from a given
alarm to its appiicable computerized alarm response procedure.

Priorttization of Alarms When an operator is presented with
an avalanche of alarms, a prioritization scheme should
present all the alarms to the oparator but code them into
priorities such that the overall importance 1o plant salety or
the urgency of the operator action can be determined

The APS00 Atarm System addresses the probiem of alarm avalanching and operator
data overload by managing the presantation of the alarms to the operators in such a
manner as to reduce the number of alarms presented simultanecusly during major
disturbances, while maintaining sensitivity during small disturbances. The Alarm System
is robust enough 1o a) show muitiple major process problems; b) not be overwheimed
by minor alarms tha! are reiated to, or are consequence of, the process problems
(avalsnching); and c) elevate minor alarmms to a place of attention provoking significance,
when they are the most significant process abnomalities. However, those active atamn
messages which are not currently displayed are accessible and available to the
operators, upon request.

Pan of the method used to manage the presentation of alarms to the operator is the
functionai organization of the alarms.  The overview alarms ai . organized by function,
such as RCS pressure control, RCS temperature control, RCS inventory and steam
genemtor water level control.  Within each lunction, there are gos!-related atarms and
process-related alarms for the respective function. The alarms within sach function are
prioritized such that only the highest priority, goai-relaied alarms an® process-related
atarms for that function are displayed This functional organization and prioritization of
alarms provides an sfficient way of directing and focusing the operators attention to the
transient and its sourca. The overall importance to ptant safety or the urgency of
operator action is sasily determined from this method of alarm prasentation
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Loss of Power to Annunciator Panels The loss of power to
these paneis could result in the loss of the operators’ ability
to respond to plant upsets, particulady if the operators are
not awars of the loss

Power 1o the alsrm system is from a redundant or UPS. The Alarm System siso
includes a “hearthaatl® indication visible to the operator at all times  The “heartbeat”
indication alerts the operate: to degraded conditions of the alarm sys!am, including 8
total loss of the sysiem experienced as a result of loss of the redundant power sources.

The Alarm System is designed such that the system's prefarred failure mode is through
2 succession of “gracelully degrading™ states of operation rather than a “sudden death *

Alarm Displays Alarm System research has identified
multiple use by operators of the Alarm Systems, namely,
for aterting, for ststus monitoring, and for siuation
awareness. The selection of a display technology and
display methods for the Alarm System can significantly
impact these multiple uses of alarm systems by operators.
Both conventionai fived-location displays and the newer
Cathode Ray Tube (CRT)-based displays have advantages
and disadvantages

The function of the APS0C Alarm System is to suppont the MCR operators with the
Mmawm
ALERT activity, i e, alert the cperator to ofi-normal conditions;

2) OBSERVE WHAT IS ABNORMAL activity, | 8, aid the user in focusing on the
important issuefs).

3)  help with the process STATE IDENTIFICATION activity, | 8 . aid the user in
understanding the abnormal conditions and provide corrective action guidance,
as far as to guide the operating crew into that area of the compiete Plant
Information Display System in which the datadinformation about the abnormality
and its resoiution can be found.

The AP600 Alarm System addresses the probiem of alarm avalanching and operator
data overioad by managing the presentation of tha alarms to the operators in such a
manner as to reducs the numbar of alarms presented simuitaneousty during major
disturbances, while maintaining sensitivity during emall disturbances  The Alarm System
is robust enough to.  a) show multipie major process problems; b not be overwhelmed
by minor alarms that are related to, or are conseguence of, the process probiems
(avalanching). and c) slevate minor alarms 1o 2 piace of attention provoking significance,
messages which ars not currently displayed are accessibls and available to the
operators, upon raquest from workstation displays

The Alarm System aids in directing the operator 10 the area in the informational display
system of the CR that contains specific data related to eliminating, diagnosing, and
mitigating the process abnormality. The Alarm System also piovides a link from a given
alarm to its applicable computerized alarm response procedure.

The APG0O Alarm System design captures the advantages of both the conventional
fixed-location displays and the newer CRT-based displays The AP600 Alarm System
consists of overview aiarms and VDU (such as CRT)-based alarms and alarm support
information. The overview alarms are functionally organized with each function having
goal-refated and process-related atarms. The alarm overviews are integrated into and
displayed by the WPIS, therefore the presentation of the alarm system overviews is
analogous to the conventional fixed position annunciators. Al alarms and associated
supporting information is available at the operator's workstation VDUs  The presentation
of alarms on the workstation VDUs is analogous 1o CRT-based alarm displays
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Alarm Controls  Auditory features of atarm systems have
been problematical and separata silence, acknowtedge and
restart test (SART) controls are recommended  The
controls for computer-based alarm systems wili becoma
more complex and need aftention.

The APSOC Alarm System provides the means for the APS00 CR operator 1o be alerted,
via both visual and audio ¢ lerting techniques, to problems in the processes involived in
the plant by
a) Indicating the abnormality by presenting a precisely wordad message or 2
graphic representation of the condition;
b) presenting the abnormality in 8 context which conveys the impact on plant
health,

c) mmmmmm
d}  generating audible tones comresponding to specific sets of alarms.

The controis for the auditory features of the APS00 Alarm System will not add to the
workioad nor will they be distracting A design requirement of the Alarm System is that
it will not create distractions 10 the operators, nor will it add to the fatigue of its users_ by
the addition of noise or visual distortions.

Operator Sslectable Alarms The operators may need a low
priority operator-selectable alarm to cafl attention to a
component (e g, & valve) that may be out of its normal
position  Alarm systems should have the flexibility for the
operators to easily add alarms to a scrsen when a
poientially deviant situation is identified thai they naed
called to their attention

INPUT THIS ISSUZ INTO THE DESIGN ISSUES TRACKING SYSTEM.

Engineering Units Displays sometimes use engineering
units which mean ittle to the operator, (e.g.. “Ibs-
masshour) rather than percentage of hull power flow

The APE00 Plant information System presents displays (physical process, functional,
trend and automatic monitoring and logic displays) to the operator  The engineering
units used on these displays will b meaninghul to the operators. One way that this is
ensured is that the detailed display design and implementation process (Element 7, HSI
design) This provides a check by operational personnel that the displays and the
information presented are meaningful.  The final HFE verification and validation (Ele: yent
10) wilt validate the usefuiness of displays

Push Button Push button lamp
raplacemant is problematic becausse the removal and
replacement of the lens or bulb can sometimes cause
inadvertent actuation

NOT APPLICABLE: The use of push bufton lamps are not part of AP600 CR MMI.

Subsection 233

MCR -- Controls
and Displays

CRT-Based Displays On CRT-based displays. the
operators are often restricted to the use of “prapackaged”
displays and do not have enough capability to select
parameters for display and trending.

The APS0O Plant information System presenis displays (physical process, functional,
trend and automatic monitoring and logic displays) to the operator. In addition to these
“prapackaged” displays, the Plant Information System provides the capability to the
operator of being able i create a desired parameter and trend display  In addition, the
operator will have the capability of displaying this created trend display on the WPIS

9

Subsection 2.3 4

MCR -- Controls
and Displays

Computer interfaces Complex or poorly designed
computer interfaces are supplied, as opposed to interfaces
that are simpla and “user-friendly”

1t is the mission of the APS0C M-MIS to improve the means that are provided fo the
users of the plant operation and control centers for acquiring and understanding plant
data and in exacuting actions to control the plant’s processes and equipment
(Reference: 18.8.1 of the SSAR). Therefora, a basic design goal of the APGO0 M-MIS
is 1o provide an integratad environment that is "user friendly” and aflows the operator o
quickly and efficiently maneuver through the MMI resources (Alarm System, Information

System, CPS, and Soft Controls) to access needed information and controls.
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of The difficutty of
upgrading computer systems can be a problem, even for
relatively mincr plant modifications

The distributed nature of the APS00 i&C System architecture includes the robustness
and flexibility to upgrade the system in an efficient manner. The distributed 1&C
architecture is discussed in Section 7.1 of the SSAR.

Time A common specification for
maximum delay time betwaen screens Is two seconds.
This may be acceptable for routine computer processing,
however, during nuciear power plant (NPP) transients it is
oo long and causes unnec~ssary operator frustration and
delays in information processing.

The issue to be addressed is the amount of time it takes for the operator to locate a
dasired piace of information. How does the operator locate & desired display? How
many dispiays must the operator navigate through before he locates the desired
information? The APSO0 Piant Information System addresses this issue through its
design process and type of displays presented to the operator.  Functional displays are
designed and used to compiement physical (system) displays Functional displays ara
designed to present to the nperator associated goal monitoring and process monitoring
information for a respective iunction. The output of the respective FBTA is used as a
major input 1o the design of the functional displays. The FBTA inciudes a cognitive task
analysis that identifies the instrumentation, information and controls that the operator
needs to make operating decisions for the respective function.  Since the APSC0 Plant
Information System includes functonal displays (produced from their associated FBTA)
rather than just physical system displays, il is more likely thal the operator will find all
the information that he needs for a given thought process on one display (such as a
functional display) Also, the use of denser displays and more meaningfu! groupings of
information on the displays will result in 8 search within the display ather than
movement between displays to find desirad information.

To support the operator’s situational awareness in an afficient and timely manner, the
design of the WPIS requiras that the operator be able to point to and select in one step
(from the workstation), 2 system, component or major parameter dispiayed on the wall
panel and recall on & workstation VDU, a related functional display or physical display
One step navigation from a functional display to an associated physical display. and
from a physical display to its associated functional display, will aiso ba available To add
flexibility to the method of navigation between dispiays a menu or map of all available
dispiays, will alsc be available to the operator. This method of navigation to a desired
display will involve a maximum of two steps, select the map and then seiect the display

The actual delay timas betwean screens is driven by the 1&C technology and associated
hardware  Advances in this technology are allowing faster rasponses all the time.

This issue of how long It takes the operator to access needed information will be
evaluated during the man-in-the-loop concept testing The results of this concept testing
will be used to refine the functionai and detailed design of the M-MIS_ This issue will
aiso be measured and validated of the HFE verification and validation (Element 10 of
the HFE design process).
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-Based Data Points Computer-basad data points
shouid have a provision to indicate (o the operators when
the data for the point is invalid (e g, point is out of scan)

The information prasentad to the operators by the APS00 M-MIS includes indication of
data quality for the data displayed The objective is to aflow the operator 1o perceive the
goodness of & piace of information being displayed to him and, eventually, discard it or
ook for atemative measures  if a parameter measurement is outside the range of the
instrument (note that the data quality would be good), then this “out-of-range”
information is indicated on the display to the operator. The data quality of computer
calcuiated points is also addressaed and displayed by the APS00 M-MIS  The data
quality of calculated points considers the data quality o! the input points and the validity
of the calcuiation and its boundary conditions. The data quality conventions used are
consistent throughout the M-MIS. For example, the convention used on a workstation
display o indicate that a2 data point such as 2 hot leg temperature is of “poor” quality is
the same as the convention used to present the same information on the WFIS

Trip Status indication in the CR, the operators nead an
adequate indication for trip status of important local
equipment

The function of tha APS00 Alarm System is to support the MCR operators with the
following activities of human dacision-making {adopted from Rasmussen’'s model of
human )

1} the ALERT activity { e, alert the operator 1o ofi-normal conditions;

2) the OBSERVE WHAT IS ABNOPMAL activity, i e, aid the user In focusing on
the important issue(s).

3) help with the process STATE IDENTIFICATION activity, i e, aid the user in
understanding the abnormal conditions and provide comrective action guidance,
as far as to guide the operating crew into that area of the complete Plant
Information Display System in which the data/information aboui the abnormality
and its resolution can be found.

The Alarm System includes alarms of trip status for important local equipment and it
clearly distinguishes between alarms that are conveying to the operator something about
a process abnormality vs_ advising him of the status of equipment.

Communications Coverags -- Dead Spots Auxiliary
operators often cannot be contacted in the plant due to
their inability to hear pages Irom the CR since there are
many hard-to-hear or dead spols In the plant.

The plant communication systam consists of the following systems:  wireless
communication system, telephone/page system, private automatic branch exchange
(PABX), sound-powered system, ememency responss facility communications, and
sacurity communication system. The wirsless lalephone system is the primary means of
communication for plant operations and maintenance personnel  The wireless system
consists of wireless belt-clip portable handsets, hands-free type portable headsets, a

antenna system, and a wirsless telephone switch.  The telephone/page,
PABX telephone, and sound-powered communication systems are for general plant
communications and serve as backup 10 the wireless system. The communications
system is described in SSAR Subsection 952

Communications Coverage - RF Interference Radio
Frequency (RF) intarferes with communications due to

The communications system complies with applicable codes and standards, minimizing
Electro Magnetic Interference (EMI) and its potential effects to equipment. “Low-
powarad” type equipment Is used, where possible, which has been demonsirated to
have a fimited potential for causing interference with electronic aquipment.
Communication equipment and sensitive I8C equipment are shielded, as necessary,
from the detrimantal sffects of EMI.
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Communications - Insufficient locations in

the plant 1o "plug I communications equipment

NOT APPLICABLE: The wirsless telephone system is the primary means )¢
communication for plant operations and maintenance personnel. The wireless system
consists of wireless beit-clip portable handsets, hands-frae type poriable headsets, a
comprehensive antenna systern, and a wireless tslaphone «witch  No “plug-in” locations
are required for this typs of aquipment

Noise interference - Ventiiation The noise level in the CR
can be so high duning transients that added stress for the
operators is created and communication is difficult due
ESF actuated ventilation (especially 2 trains)

The VBS supplies ventilation flow to the MCR during normal operation, and is a
nonsalety-reiated system. The VBS system serves as a first line of defense if available,
and It also performs the safsty-related function of isolating the HVAC ducts that
penetrats the CR pressure boundary. The APS00 dnsign incorporates an VES to
provide the safaty-related function of ventilating and prassurizing the MCR This system
uses a supply of air for respiration of the CR cccupants as well as for pressurizing the
mom. The system supplies a lower volumetric flowrats of breathable quality air, than the
normal HVAC flowrates  The safety-related ventilation system uses no active
components which contribute to noise generation. The issue of noise level is not a
major concem for the VES system because of the ralatively low alr flowrate, even when
both trains are in operation.

The VBS system Is used during normal operation as noted previously  This system has
industrial type air handling units and fan assemblies with doubie-walled panel
construction to minimize noise and fan turbulence, while the supply and retum ducts are
provided with anti-sweat insulation.  Cantrifugal fans are provided with flexible
connections and vibration isclator design to avoid sound rumbie conditions. The MCR
main supply and retum duct layouts require multiple 90° elbows and several twenty-foot
straight duct sections before entering the MCR, which means that iow-frequency noise
transmitted through ductwork is efiminated. This ductwork arrangement is normally used
for low noise leve! HVAC acoustic design for sound studio and theaters. Finally, the
MCR HVAC design is a low velocity system designed specificaily for & lower noisa level,
in that the duct air velocities are much lower than the maximum velocities described in

American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE)

100 | Subsaction 242 MCR - Noise Interference - Printers The noise level in the CR High spead printers used In the APBC0 MCR will not signiticantly contribute 1o the noise
Communications can be so high during transients thal added stress for the | level even during transient situations.  Prisiter technology currently exists such that
operators is created and communication is difficult due to | generated noise is no longer an issue
high-spead conventionat printers.
101 | Subsaction 242 MCR -- Noise Interference - Alarms The noise level in the CR can | The APG00 Alarm System has a design requirement that specifies the system 1o be
Communications b so high during trans>ants that added stress for the

operators is created ano communication is difficult due to
alarms ringing constantly

designed in such a way as to not create distractions to the operators: nor will it add to
the fatigue of its users, by the addition of noise, visual distortions or nuisance alamms
The functional organization, prioritization within each function, and the alarm trigger
logics are all design features that manage the presentation of alarms such that only
meaningful alarms are prasented to the operator
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Space Paper-based or hard-copy procedures in NPP
operations can cause the following problam  Space for
explanatory information is Emited and the level of detall in
procedure steps is fixed.

The APB00 CPS is the MMIHS! that the operator will use to execute procedures The
reactor opemtor will interface with the CPS through his workstation VDUs. The CPS
automatically evaluates the status of each procedure step and presents this evaluation
to the operator along with enough supporting information (such as actuai parameter
values and equipment status) to give the operator an understanding of how and why the
systemn produced its evaluation. The CPS will provide the capability for the operator 1o
request supplemental information on an additional VDU, This will be information such
as an associated physical, functional. trend or soft control display or perhaps a
supporting graph, curve or background information. In cumparison with the paper-
medium of presenting procedures, space for explanatory information and the amount of
detail provided in the procedure steps IS not an issue with the computerized procedure
medium

The full-scale mockup of the APS00 main control area will be used to furthar evaluate
the “space” issue.  The full-scale mockup is part of the HS! design process (Elemen: 7
process).

The APS00 M-MIS inciudes a CPS that assists the plant operators in monitoring and
controiling the execution of plant procedures. For a given procedure, the status of each
procedurs step is dynamically determined and presented to the aperator along with the
supporting piant information.  To alleviate the inherent fixed linearity of paper-based
proceduras, the CPS performs parallel monitoring activities versus the operator in paper-
based procedures. A parafle! monitoring activity is a plant condition, state, or parameter
that is monitored by the computer in parallel with the activity of guiding the cperator
through the respective procedure.  Types of paralle! information menitored by the CPS
are the status of CSFs. procedure notes and cautions, foldout page items, initiated
actions {continuous action steps) and confinuously monitored parameters. With the CPS
dyramically determining the status of 2ach procedure step and performing parallel
monitoring activities, the delays caused by the inherent fixed linearity of executing paper-
based procedures are minimized or eliminated.  Therefore, the CPS aliows the operator
1o reach the relevant steps for terminating the incident and stabilizing the plant much
quicker than paper-based procedures.

M@Mnmﬂchmdmmm
must be continuously displayed.

As described in the tem above (ltam 103), the AP600 CPS performs parafiel menitoring
activities versus the operator ir: paper-based procedures A paraltel monitoring activity is
2 plant condition, state, or parameter that is monitored by the computer in paraflel with
the activity of guiding the operator through the respective procedure. Types of paraliel
information monitored by the CPS are the status of CSFs, procadure notes and cautions,
foldout page items, initiated actions (continuous action steps) and continuously
monitored parametars. A cortinuously monitored parameter is an example of a
condition that may not exist at the moment but requires some action when it does exist
The CPS will automatically monitor this condition as paraliel information and only
presant it to the operator when the condition is met and when the operaior needs to

irrelevant information to the operator during 2 specific moment of procedure execution
are minimized or eliminated.
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Procedure Integration

procedures in NPP operatons can cause the following
problem:  Handling and reading @ paper procedure while
also performing the actions required to perform “e task
described in a procadure are typically incompatibie

fem issue Reference lzsua/Scope Human Facturs AspectHumen Performance lssve Human Factors/MHuman Performance lesue Addressed by APE00 Design
105 | Subsection 254 MCR - Procedures | Cross Paper-based or hard-copy procedures | The APS00 CPS automatically evaiuates the status of each procedure step and presents
in NPP operations can cause the following problem: this evaluation 1o the operator along with anocugh supporting information (such as actual
Cross-referencing introduces errors and delays in task parameter values and equipment status) to give the operator an understanding of how
performance. and why the system produced its evatuation. The CPS will provide the capability for the
operator to request supplemental information on an additional VOU. This will be
information such as an associated physical, functional, trend or soft control display or
perhaps a supporting graph, cutve, or background information. The CPS will provide the
capability for the operator to transition 1o the appropriate location in other operating
procedures as raquired and to automatically select and display the new procedure when §i
requesied while maintaining & placemark in the original procedure.
1068 | Subsection 2.5.5 MCR - Procedures | Muttiple Procedures Mansgement Paper-based or hard- The APS00 CPS will provide the capability for the operator to transition to other
copy procedures in NPP operations can cause the following | operating procedures as raquired and to automatically select and display the new
problem: Physical management of multiple procedures and | procedure when raquested, while meintaining & placemark in the origina! procedure
place-kaeping during concurrent axecution are awkward. The CPS will provide for the dispiay of a procedure transition map.  This display will
indicate transitions out of or into the nrocedures, as well as movements within the
procedures. The CPS will also provide tha capsbility for the operator to request
supplemental information on an additional VDU. This will be information such as an
associated physical, functional, trend or soft contrel display, or perhaps a supporting
graph, curve, or background information.
107 | Subsection 2586 MCR - Procedures Procedures Paper-based or hard-copy The AP600 CPS will include the capability to modity or adit the procedures in a
& procedures in NPP operations can cause the following straightforward manner. This is accomplished by using an off-line reiational database
NUREG-0933,1C5 problem:  Maintaining the technical accuracy of procadures | management system.
is difficult.  For example, a design change in a single
component can invalidate every procedure that referances
that component.  Similarly, a procedure revision that
changes the step number in that procedure can invalidate
every step in other procadures that cross-relerence that
changed procedure.
108 | Subsaction 257 MCR - Procedures | Procedure Paper-based or hard-copy The APS00 CPS wili provide the capability for the oparator to request supptemental

information on an additional VDU This will be information such as an associated
physical, functional, trend or soft control dispiay or perhaps a supporting graph, curve, or
background information. If a step within a procedurs, as presentad by the CPS, requires
the user o operate a component or system, then the user will be able to select, in a
single action from the CPS, the associated soft control display for the respective
component. The soft control displays wili appear on a VDU, at the operator's
workstation separate from the VDU that presents the CPS. The use of multiple VDUs at
the operator's workstation, (CPS main interface VDU, CPS supplemental information
VDU, and a soft controi dispiay VDU), while executing a procedure through the APS00
CPS, minimizes or efiminates the handling and reading problems associated with the
exscution of 8 papsr-based procedure while also trying to perform the actions required
by the procsdure
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problem: Due io space limitations and the need for

procedure aids tor the oparators to follow, procedures are
difficult to work with especially in the CR during a transient.

Ths APS00 M-MIS includes 8 CPS that assists the plant operators in monitoring and

supporting plant information.  To alleviate the inherent fixed linearity of paper-based
procedures, the CPS performs paraliel monitoring activities versus the operator in paper-
based proceduras. A paraliel monitoring activity is a plant condition, state, or parameter
that is monitored by the computer in paraliel with the activity of guiding the operator
through the respective procadure. Types of paralle! information monitorec by the CPS
are the status of CSF, procedurs notes and cautions, foldout page items, initiated
actions (continuous action steps) and continuously monitored parameters. With the CPS
dynamically determining the status of each procedurs siep and performing paraile!
monitoring activities, the delays caused by the inherent fixed Enearity of executing paper-
based procedures are minimized or efiminated. The CPS provides direct links from
steps o the associated Plant information System Displays (physical process, functional,
autematic monitoring logic, or soft controi displays). For example, if a step within a
computerized procedure requires the user 1o operate @ component or system, then the
user will be abla 1o select in a single action from the CPS the associated soft control
dispiay for the respective component. The soft control displays will appear on a VDU at
the operator's workstation separate from the VDU that presents the CPS. The use of
muftiple VDUs at the operator’s workstation, (CPS main interface VDU, CPS
supplemertal information VDU, and a soft control display VDU) while executing a
procedure through the APS00 CPS, minimizes or eliminates the handling and reading
problems associated with the execution of a paper-based procedure.

Reactor Shutdown During 2 reactor shuidown from an
initial power of 6%, that invoived low decay heat levels due
to a short operating history, operators allowed cooldown
(due to small miscellaneous steam loads) to add excessive
positive reactivity.  Furthe, by not property maintaining the
power in the mid-rangs of the Intermediate Range Monitors
(IRMs), a reactor trip occured.

NOT APPLICABLE: This issue is only applicable to BWRs.

Leakage Areas of NPPs, such as isolated rooms, often
coniain fluid systems with the potentiai for leakage and
fooding

intemal plant flooding can be attributed to piping ruptures, tank faitures, or the actuation
of fire suppression systems  The consequances of thess events have been evaluated
for the APS00 in accordance with Standard Review Plan (SRP) 36.1 and SRP 36 2.
Water level (lood) design teatures and protection mechanisms are described In Sections
3.4 and 3.6 of the SSAR, respectively. The protection mechanisms ralated to minimize
the consequences of intemal flooding include the iollowing.

Structural enclosures
Structural barriers

Leak datection systems
Drain systems

I appropriata locations, water level sensecrs are provided to transmit water levei
indications 1o the MCR and the plant controi system. Level alarms alert the operator to

take corrective action.
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Valve Stuck A PWH pressurizer spray vaive
stuck open {unknown to the operatars at the time) causing
a continued drop in RCS pressure to below that required by
TS As a result, a plant shutdown was required in order to
isolata the spray fine.

The APS00 design has addressed the possibifity of a stuck open spisy vaive. The spray
valve is provided with an auvtomatic interlock to close on low RCS pressure that would
result from an open spray valve In addition, the remotely-cperated spray biock valves
can be ciosed from the CR in the event cof a stuck cpen spray valve. Therefors, a
forced plant shutdown can be avoided in the event of a stuck-open spray valve.

Ofisite Power A consequent problem on loss of a direct
current (dc) bus is partial loss of normal offsits power.

dc system reliabifity - The dc system is designed for a high level of reliability. A
non-Class 1E baftery monitor Is provided for each baftery to monitor and alarm battery
voltage, detect and alarm battery open-circuit condition (including blown fuses), and
supervise battery availability

The hattery chargers are provided with a trouble alarm for alternating current (ac) input
faiture, dc output underfover voltage, no charge, input/output breaker trip, and dc high
voltage shutdown trip

dc busas are monitored and alsmed for undervoltage. dc system currents are
monitcred and alamed for overcurrent.

A ground detection alarm is provided

dc bus outage time for maintenance and rapair will be minimized with the use of tha
spars battery and charger.

Mitigation of the eflects of the loss of a dc bus -- The APS0C is designed to withstand
the ioss of a singie dc bus without placing the plant in an unsate condition.

iIn the APS00 design, lose of a dc bus will not resuft in 2 partial loss of offsite power
The breakers in the APS0C are controlled by the PLS. The PLS system normally
raceives power from the non-Class 1E UPS system.  Upon failurs of the dc bus
powering the UPS, or faillure of the UPS itself, the loads are automatically transterred to
a reguiating transformer supply. Therefore, loss of a dc bus will not result in loss of
power to the PLS system

The ac power system breakers use solid-state control which receives control power from
a power supply intemal to tha swilchgear, therelore, loss of a dc bus will net result in
loss of control power to a breaker
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Control Room Arnunciatoi A consequent problem on loss | dc system rafiability — The dc system is designed for a high level of refiability

of a dc bus is loss of CR annunciator power

A battery monitor is provided for each battery to monitor and alarm battery voltage,
detect and alarm battery open-circuft condition (inchuding biown tuses). and supervise
battery svailabiiity

The battery chargers are provided with a trouble alarm for ac input failure, dc output
under/over voltage, no charge, inputioutput breaker trip, and dec high voltage shutdown
trip

de buses are monitorad and alarmed for undervoltage  dc system currents are
monitored and alarmed for overcurrent.

A ground deiection alarm is provided.

dc bus outage time for maintenance and rapair will be minimized with the use of the
spare battery and charger.

Mitigation of the affacts of the loss of a dc bus -- The APS00 is designed to withstand
the loss of a single dc bus without placing the piani in an unsale condition

iIn the APS00 design, loss of a dc bus will not result in a ioss of alarm system power
Alarm system power normally comes from a UPS, however, upon fallure of the dc bus
powering the UPS, or fafiure of the UPS itself, the loads are automatically transferred to
a reguiating transformer supply Therefore, loss of a dc bus will not result in loss of
alarm system power.
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indicators in Control Room A consequent problem on loss
of a dc bus Is loss of power to indicators in the CR.

dc system rafiability - The dc system is designed for a high level of refiability

A battery monitor is provided for each battery to monitor and alarm battery voltage,
detect and alarm battery open-circuit condition (including blown fuses), and supervise
battery availability

The battery chargers are provided with a trouble alarm for ac input faillure, dc output
underiover voltage, no charge, input/output breaker trip, and dc high voltage shutdown
trip.

dec buses are monitored and alnrmed for undervoitage. dc system currents are
monitored and alarmed for overcurrent.

A ground detaction atarm is provided.

dc bus outage time for maintenance and repair wiil be minimized with the use of the
spare battery and charger.

Mitigation of the effects of the ioss of a dc bus - The APSOC is designed to withstand
the loss of a single dc bus without placing the piant in an unsafe condition

In the APG00 design, loss of a dc bus will not result in a loss of indicator power
Indicator power normally comes from a UPS system. Upon failure of the dc bus
powering the UPS, or failure of the UPS itself, the loads are automatically transferred to
a reguiating transformer supply. Therefore, loss of a dc bus will not result in loss of
indicator power
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116 | Subsection 3.3 4 System-Related Power * Circult Breokers A consequant problem cn loss | dc system reliebility -~ The dc system is designed for s figh level of reliability
Insights -- L oss of | of a dc bus Is loss of control power 1o various circult
dec Bus breakers. A non-Class 1E battery monitor is provided for each battary to monitor and atarm battery

voltage, dstect and aiarm hattery open-circuit condition (inciuding biown ‘uses), and
supervise battery avaiability.

The battary chargers are provided with a trouble alarm for ac input fallure, de output
undet/over voltage, no charge, input/output breaker trip, and d- high voltage shutdown
trip

dc buses are monitored and alarmed for undervoltage.  de system currents are
monitored and alarmed for cvarcurrent.

A ground detection alamm is provided

dc bus outage time for maintenance and repair will be minimized with the use of the
spare battery and charger.

Mitigation of the effects of the ioss of a dc bus -- The APSOC is “asigned to withstand
the loss of 2 single dc bus without placing the plant in an unsafe condition

In the APS00 design, loss of a dc bus will not result in a loss of circuit breaker control
The breakers in the APS00 are controiled by the PLS. The PLS system nomally
receives power from the non-Class 1E UPS system. Upon failure of the dc bus
powering the UPS, or failure of the UPS itsell, the loaas are automatically transferred to
a regulating transformer supoly  Therefore, loss of a dc bus will not result in loss of
circuit breaker control.

The ac power system breakers use solid-state control which raceives control power from
a power supply intemal 1o the switchgear; therafore, loss of a dc bus will not result in
loss of control powes to a breaker
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117 | Subsection 335 System-Related Power to Computers and Displays A consequent problem | dc system roliabiiity — The dc system is designed for a high level of ratiability
insights - Loss of {on loss of a dc bus is loss of power to computers and
dc Bus vidao display screens A battery monitor is provided for each baftery to monitor and alarm batiery voltage,
detect and alarm battery open-circuit condition (including blown fuses) and supervise
battery avaitabiiity

The battery chargers are provided with a trouble alarm for ac input failure, dc output
under/over voltage, no charge, input/output breaker trip, and dc high voltage shutdown
trip

dc busas ara monitored and aiarmed for undervoltage  dc system currents are
monitored and alarmed for overcu “ent

A ground detection alamm is provided

dc bus outage time for maintenance and repair will be minimized with the use of the
spare battery and charger.

Mitigation of the effects of the loss of a dc bus - The APS00 is designed to withstand
the loss of a single dc bus without piacing the plant in an unsafe condition

in the APG00 design, loss of a dc bus will not result in a loss of power to computers and
video display (workstation) screens  Power to computers and video display screens
normally comes from a UPS system  Upon failure of the dc bus powering the UPS, or
failure of the UPS itself, the loads are automatically transferred to a raguiating
transformer supply.  Therefors, loss of a dc bus will not result in loss of power to
computers and videc display (workstation) screens.
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OPERATING EXPERIENCE REVIEW FOR THE APS00

issuse Addressed By NUREG 0711 Appendix B

Ioss of a dec bus is loss of some of the plant’s automatic
teatures, such as trips and inferfocks.

ftem lssue Reference lssue/Scone Human Factors AspactMur—an Performance lssue Human FactoraMuman Performance lssue Addressed by APED0 Design
118 | Subsection 336 System-Reilated Power to Automatic Features A consequent problem on dc system reliability - The dc system is designed for a high level of reliability

A baftery monitor is provided for each battery to monitor and alarm baftery voitage,
detect and alarm battery open-circuit condition f{including blown fuses) and supervise
battery availability

The battery chargers are provided with a trouble alarm for ac input failure, dc output
under/over voltage, no charge, input/output breaker trip, and dec high voltage shutdown
wip.

dc buses are monitored and slarmed for undervoltage  dc system currents are
monitored and aiarmed for oveicurrent

A ground detection alarm is provided.

dc bus outage time for maintenance and repair will be minimized with the use of the
spare battery and charger

Mitigation of the effects of the loss of a dc bus -- The APS0O0 is designed to withstand
the ioss of a single dc bus without placing the plant in an unsate condition.

in the APS00 design, loss of a dc bus will not result In a loss of & ‘omatic features  The
automatic featuras in the APS00 are controlled by the PMS and PLS. The PMS system
normally receives power from the Clas: 1€ UPS system The PLS system normally
receives power from the non-Class 1E UPS system. Upon failure of the dc bus
powering any UPS, or fallure of the UPS itself, the loads are avtomatically transierred to
a reguiating transformer supply  Therefore, loss of a de bus will not result in loss of
automatic features.
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Human Factors AspectHuman Performance lssue

Humsn FactorsHuman Performance issue Addressed by APSOC Design

Circult Breakers A consequent problem on loss of a de
bus is trip of selected circuit breakers, such as reactor trip
breakers

dc system refiability - The dc system is designed for a high level of reliability

A baftery moritor is provided for each battery to monitor and alarm battery voltage,
detect and alarm battery apen-circult condition (including biown fuses) and supervise
battery availability

The battery chargers are provided with a trouble alarm for ac input failure. de output
under‘over voltage, no charge, input/outpu! breaker trip, and dc high voltage shutdown
trip.

dc buses are monitored and atarmed for undervoltage.  dc system currents are
monitored and alarmed for overcurrent

A ground detection alamm s provided

dc bus outage time for maintenance and repair will be minimized with the use of the
spare battery and charger

Mitigation of the effects of the loss of a dc bus - The APSO0 Is designed to withstand
the loss of a single dc bus without placing the plant in an unsafe condition

In the APSOC design, loss of a dc bus will not result in a plant trip. The APBOO has eight
reactor trip breakers arranged for two-out-ol-four trip logic as shown in SSAR Figure 7 1-
7. With this configuration, the completa loss of power to any single train will result in
tripping the two breakers associated with that train; however, nc single-train pair of
breakers can trip the plant if they are the only breakers to trip.

Vesssl Overfill In BWRs during transient situations, reactor
vessal overfill can be 2 problem causing main steamline
flooding and possible damage. There is currently no
automatic trip on condensate and condensate booster
pumps on high reactor vessel level

NOT APPLICABLE: This issue is only applicable to BWR reactors

2

; Section 35

Insights - System
Overpressurization

System Overpressurization During system restoration after
maintenance during cold shutdown at a BWR, an incorrect
valving sequence resulted in overpressurization of piping
and damage to the test retum line of the Condensate
Storage Tank (CST) and Condensate Return Tank.

NOT APPLICABLE: This issue is only applicable to BWR reactors
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Discharge Volume

rods i« inhibited

ftem issue Reference lssue/Scope Humen Factors AspectHuman Performance lssue Human Factors/Human Performance issue Addressed by AP800 Design
122 |Section 36 Systerm-Related Control of Feedwater Control System The control of PWR | In the APSO0C design, SG water level is automaticalty controfied from . -load conditions
Insights Feedwater Systems during startup and low-power to 100% plant rated thermal power by the startup feedwater control subsystem and the
Feadwater Control | operations has been problematical  Operators have had main feedwater control subsystern. The startup feeawater control subsystem maintains
System difficulty in controfing the feedwater flowrate as necessary | a programmed water levei in the sheil side of the SGs during low-power (below
to maintain SG waler levels due partiaily to the fact that the | approximately 10% of plant rated thermal power), no-icad, and plant heatup and
feedwater control valves and control systems are not cooldown modes. Transition between the main and startup feedwater control valves is
designed 1o operate in the low flow regions. There has automatically controlied based on flow measurements within the respective control
also been difficuity in the switchover from manual to vaives. The startup feedwater control subsystem reguiates the flow of feedwater in a
automatic contvol that occur in this time frame. manner similar to the way (main) feedwater is controlied in the low-power control mods.
Two modes of feedwatar control (low-power mode and high-power mode) ars
incorporated in the (main) feedwater control subsystem. A separate ow range
feedwater flow measurament is used in the low-power feedwater controi mode. SSAR
Subsections 7.7.1 8.1 and 7.7 1 8 2 provide a description of the feedwater control and
startup feedwater control subsystems
123 |Section37 System-Related Volume Filis With Water On a BWR, when the scram NOT APPLICABLE: This issue is only applicable to BWR reactors
Insights -- Scram discharge volume fills with water, insertion of the control
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lssua/Scope

Humsn Factors Aspect/Human Performance lssue

Human Factors/Human Performance issue Addressed by APS00 Design

System-Related
Insights —
intartacing
LOCA (ISLOCA)

Overpressurization: of Low Pressure Systems
Overpressurization of ow pressure systems due to RCS
boundary fallures may result in rupture of low pressure
piping. Some RCS boundary fallures have occurred due to
operator emor.  important operator errors include vaive
alignment arrors during transitions between operation
modes.

The APSOC has incorporated varicus design features to address ISLOCA challenges
These design features havs resulted in very low APS00 core damage frequency
compared to currantly operating plants.  These design features are primarily associated
with the normal residual heat removal system (RNS) as discussed in SSAR
Subsection 5.4.7. A Westinghouse design report, WCAP-14425, has been prepared to
document the systematic evaluation of the APS00 design for conformance to
NUREG/CR-5102. As a result of the study reported in WCAP-14425, additiona! design
features have been incomporated in the APS00.

The following table provides a summary of APS00 design features which satisfy ISLOCA
frequency acceptance criteria

System / Subsystem Major Design Festure

Normal Rasidual Heal Removal  Increased dasign prassure of the outside of
containment portion of the system such that the
ultimate rupture strength of the piping and
components are equa: 1o or greater than the RCS
design pressure

1 Reliel valves were addad to minimize the
consequences of pump suction over-
pressurization
High-pressure alarm added to pump suctior e
to alert operator of over-pressurization
Placement of high-pressure purification
ioop ir:side containment efiminates high-energy
letdown outside of containment.

Letdown orifice kmits leakage from a letdown
fing ISLOCA.

Automatic isolation of letdown occurs upon
saleguards actuation signal

Relie valve added to prevent overpressurization
of letdown iine.

Mast of the Primary Sampling System is
designed for full RCS pressure.

Flow restricting orifices limit extent of ISLOCA

System of the inside of containment portion of the
system

2. Automatic isolation of Demineralized Water

System occurs upon safeguards actuation
signal
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Human Factore AspectHuman Performance lssue

Human FactorsMuman Performance iseue Addressed by APS00 Design

1&C Systems Problems Conventional I&C in NPPs has
been associated with panodic fallures, spurious reactor
trips and piant transients, operator confusion on instrument
faiture and loss of power, extensive time and effort to
accomplish testing, and difficutties in troubleshooting and
rapair  Advanced 18C are subject to sudden tallure and
racovery, due partially 10 high suscaptibitity to EMI
interfacing with the new equipment and software
programming aiso afford opportunities for operator
problems.

The advanced I&C equipment used in the APS00 design is based on an evolution of
previous digitai 18C designs. Each evolution step incorporates improvements which are
a result of experience gained during the use of the previous design.  This minimizes the
likelihood that any particular design would have a significant amount of problems that
would impact plant operation.

Altematives Seal degradation and failures have
caused RCP leaks. A design altemative which can mitigate
the need for extensive and complicated #ixes is the use of
canned rotor pumps that do not have seals.

NOY APPLICABLE: The APS00 design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 541

pressure data from the seal system should be continuously
monitored and should be analyzed for seal performance
neads.

NOT APPLICABLE: The APSO0 design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133and 54 1.

Instrumentation - Ranges on Flow Measuring Davices
Provide increased ranges on flow measuring devices so
that off-normai values may be read as well as normal
values.

NOT APPLICABLE: The APG00 design specifies reactor coolant pumps with canned
motors that have no ssals. Poter to SSAR Subsections 5133 and 541

Instrumentation - Ranges on Temperature Measuring
Devices Provide increasad ranges on lemperature
measuring devices up to RCS temperatures.

NOT APPLICABLE: The APS00 design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 54 1

measurements, e.g., seal leakoff pressures, CCW retum
line pressure, seal cavity temperatures, differential stage
pressures, and radial bearing temperature

NOT APPLICABLE: The APED0 design specifies reactor cootant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 541

Instrumentation - Adaitional Flow Measurements Provide
added flow measurement, e.g., seal leakolf flows.

NOT APPLICABLE: The AP600 design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 54 1

Instrumentation - Better
of the need for operator action.

Provide better alamming

NOT APPLICABLE: The APS0O design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 54 1.

133

Subsection 41,131

Procedures and Aids - RCP T Operator
aids should be provided that aflow the operator to
appropriately trend RCP related parameters relative to seal
performance criteria.

NOT APPLICABLE: The APSGO design specifies reactor coolant pumps with canned
motors that have no seals. Refer to SSAR Subsections 5133 and 541
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issue Reference issue/Scope Human Factors AspectHuman Performence lssue Human Factors™Muman Performance lssue Addressed by APS00Q Design
Subsection 4 1 1.3 2 | Component- Procedurss and Aids -- Procedure NOT APPLICABLE: The AP300 design spacifies reactor coolant pumps with canned
Reiated Insights -- | Guidelines Emergency Procedure Guidelines, procedures, | motors that have no seals. Refer 1o SSAR Subsections 5133 and 54 1
RCPs -~ Seals and training should be provided for a reasonable spectrum
of seal failure events, such as  high-seal, lsak-off flow,
high-seal temperature, high vibration, ioss-ol-seal injaction,
loss-of-seal cooling, station blackout (SBO), and reacto
coolant pump restar criteria.  These procedures should
incorporate the recommandations of reactor coolant pump
and deal vendors
Subsection £ 114 | Componeni- Functional Allocation Isolation of seal leakol lines on high- | NOT APPLICABLE: The APS00 design specifies reactor coolant pumps with canned
Related Insights flow, which has historically required operator action, should | motors that have no seals. Refer to SSAR Subsections 5133 and 54 1
RCPs -~ Seals be evaiuated as & candidate for automation since detaction,
recognition, and action are time constrained
Subsection 4.1.2 Component- When reactor coolant pumps or | The APS00 employs canned motor reactor coolant pumps that do not contain seals
Related insights - | motor components degrade, they can eventually result in whose degradation couid lead to 8 loss of reactor coolant.  Reactor coolant pump
RCP Monitoring catastrophic fallure of pump or seals, if the pump is not instrumentation is provided to continuously monitar pump perfoimance including 1)
stopped in time. Due 1o the location of the reactor coolant | bearing water femperature, 2) pump vibration, 3} stator temperature, 4) pump speed  In
pumps inside containment, detection of degradation must | addition, RCS loop flow rates are continuously measured.
be accomplished through appropriate instrumentation
Large failures of the pump o seais can potentially result in
a primary system LOCA
Subsection 4 2.1 Component- Trip Status in a caso where the ovarspeed Irip valve for NOT APPLICABLE: The APSOC does not have an AFW system  The PRHR system
Related the turbine-driven AFW pump turbine was inadvertently tunctionally replaces the AFW systems in current PWR designs.  The PRHR system
AFW Pumps tripped and not propardy reset, the CR operators were not | does not include pumps. Refer to SSAR Section 8 3
aware of the inoperable status ol the AFW pump
Subsection 4 2.2 Component- Steam AFW pumps have experienced steam NOT APPLICABLE: The APS00 does not have an AFW system  The PRHR system
Related Insights -- | binding resulting in pump inoperabifity This has typically | functionally replaces the AFW systems in cutrent PWR designs The PRHR system
AFW Pumps been caused by leadwater back ieakage through the AFW | does not include pumps  Refer SSAR Section 8 3
discharge chack vaives, but also by leakage through
complex pathways, working its way back to the AFW pump
suction sources.
Subsection 4231 | Component- Pump D\~ Trips: Diesel-Driven Pump -- Minimum NOT APPLICABLE: The APS00 does not have an AFW system. The PRHR system
Related - The diasei-driven AFW pumps have functionally replaces the AFW systems in current PWR designs.  The PRHR system
AFW Pumps experienced probiems where the pump drivers have tripped | does nol include pumps.  Refer to SSAR Section 6.3
because the diessl AFW pump had reached minimum
operating speed (about 600 rpm) which closad the speed
switch
Subsection 4232 | Component- Pump Driver Trips: Diesel-Driven - NOT APPLICABLE: Tha AP600 does not have an AFW system  The PRHR system
Related - | The diesel-driven AFW pumps have experiencad problems | functionaily replaces the AFW systems in current PWR designs The PRHR system
AFW Pumps whers the pump drivers have tripped because the stop does not include pumps.  Refer to SSAR Section 6.3,

signal was momentarily generated by the operator and was
released bafore the diesel had come 10 a full stop.
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because after an auto start, operators erroneously tripped
the AFW pumps.  The steam-driven AFW pump had been
restarted from the CR using the start valve which opened
rapidly (less than 5 seconds) and caused tha turbins to
overspecd and trip. The auto stan signa! opens the trip
and throt'e valve on the initial auto start over a period of
20 second* (by design, slow stroke time prevents the
trbine o erspeed). Until reset locally, the trip and throttle
valve emains open when the pump is shutdown from the
CR by =hutting the start valve. When the faster acting stan
valve was used to restart the steam-driven AFW pump, the
pump tripped on overspeed since the Irip and throttie valve
was aiready open

lssue Reference issus/Scope Humen Factors AspactHuman Performance issus Human FactorsMuman Performance lssue Addressed by APS00 Design
Subsection 4233 | Component- Pump Driver Trips. Diesel-Driven Pump - "Auto After NOY APPLICABLE: The APS00 does not have an AFW system  The PRHR system
Retated Insights -- | Stop® Position The diesel-driven AFW pumps have functionally reptaces the AFW systems in current PWR designs  Tha PRHR system
AFW Pumps expenenced problems whers the pump drivers hava tripped | does not include pumps. Refer to SSAR Section 6.3.
when the control switch was allowed 10 go o "Auto After
Stop®, an auto stan signal was presant from loss of the
main feadwater pump (MFF).
142 |Subsection 4234 |Component- Pump Driver Trips: Diesel-Driven Pump - Diesel Coutd NOT APPLICABLE: The APS0O does not have an AFW system. The PRHR system
Related Not Restart The diesel-driven AFW pumps rave tunctionaity replaces the AFW systems in current PWR designs. The PRHR system
AFW Pumps experienced problems where the pump drivers have iripped | does not include pumps. Refer tc SSAR Section 6.3.
due to the engine still being at greater than 40 m, the
diesel stanter motors were disablad and the diessi could nct
try to restart.
143 |Subsection 4235 | Component- Pump Driver Trips: Diesel-Driva Pump - Low Lube Oil NOT APPLICABLE: The AP600 does not have an AFW system. The PRHR system
Retated Pressure The diesai-driver AFW pumps have expenanced | functionally replaces the AFW systems in current PWR designs  The PRHR system
AFW Pumps problems where the pump drivers have tripped 25 seconds | does not include pumps.  Refer to SSAR Section 6 3
after raceiving the second auto start, the low lube oit
pressure switch irip was enabled. This caused the engine
1o lockout due to *he low ol pressure associated with the
engine shutdown
Subsection 4.2.4 Component- Pump Driver Trips: Turbine-Driven Pump - Erroneous Trip | NOT APPLICABLE: The AP600 does not have an AFW system. The PRHR system
Related insights - | of AFW Pumps The turbine-driven AFW pumps have tunctionaily replaces the AFW systems in current PWR designs  The PRHRA system
AFW Pumps expenenced problems whers tha pump drivers have tripped | does not include pumps.  Refer to SSAR Section 6.3
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fam issue Reference issue/Scope Human Factors AspectHuman Performancs issue Human FectoraMuman Performance lssue Addressed by APSO0 Design
153 |Subsection 4351 | Component- Pump Testing: Testing Plant Current NOT APPLICABLE: This item does not apply io the APS00 because it has no safety-
Related insights — | plants have had 1o davise complex test procedures that related active pumps. Chapter 2 8 6 describes the APS00 inservics test (IST) plan. This
IST of Pumps and | have often challengad operators and maintenance table shows that there are no pumps in the IST plan
Vaives personne! due 1o designs ihat make testing very difficuit, #
possible at all. One of the areas where the design can be
enhanced Ensure that system design has sufficient
flexibility to aflow pump testing during piant operation. The
system shouid allow flow 10 be varied so that a reference
value of flow or differertial pressure can be established for
the test without major system reconfiguration. There
should also be adequate installed Instrumentation to run
the necessary tests, including suction and discharge
of improving flow instrumentation is to include flow rate
instruments in the minimum flow recircutation line.
154 |Subsection 4352 | Component- T Vibration Current plants have | NOT APPLICABLE: This item does not apply to the APG00 because it has no safety-
Related Insights — | had to devise complex test procadures that have often related active pumps. Chapter 3 9 6 describes the APS0C IST plan  This tabie shows
IST of Pumps and | challenged operators and maintenance personnel due to that there are no pumps in the IST plan.
Vaives designs that make tesiing very difficult, if possibie at ail
One of the areas whaere the design can be enhanced:
There should ba installed pump vibration monitoring
instrumentation to aflow for trending and inservice testing of
pumps
155 |Section 4.4 Component- Breaker Lock-Out Under various conditions large circui. Circuit breaker control signal block or lock-out will generally occur when an attempt is
Related insights breakers may become locked-out due to protection system | made to close a breaker in the presence of a trip signal. Note that the trip signal can
Circuit Broakers acticns.  These lock-outs wara not always alarmed or originate from either the PMS or from the elactric system protective devices (relays) I
indicated to the operators.  An example is the safety an attempt is made 1o close a breaker from the CR through the soft control in the
injection pump breaker, which had a lock-out when an presence of a protactive system trip signal, the control action will be biocked (but not
aftempt was made to close the breaker with the hand focked-out) and the operator will be provided with an appropriate message 1o clarify the
switch in the presence of a trip signal. In this case there system response. If an attempt is made o ciose a breaker locally at the switchgear in
was no indication of the lock-out and the only means of the presence of a trip signai, the breaker may be locked-out at the switchgaar. All
ciaaring the condition was to remove and reinstall the fuses | switchgear lock-out conditions are indicated and reset capability provided.
at the braaker or manually char Je the state of the relays.
156 |Section45 Cormponent- infiatable Ssals Spent fuel pools have inflatable seais The APS00 spent fual pool does not contain any inflatable seals that require the
Related Insights - | which are typically pressurized with instrument air. Loss of | evailabllity of auxiliary systems to maintain spent fuel pool water inventory.
Spent Fuel Pool air pressure, among other items, can cause leakage or
Seals faliure of thase seals and subsequent draining of the fuet
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Human Factors AspectHuman Performancs lssue

Human FactorsHuman Performancs lssue Addressed by APS00 Design

Thers have been numerous instances of
biotouling in NPP heat exchangers (HXs), wherse various
types of ctams and mussels have grown inside of piping
and particuiarly HXs. This occurs in open cycle cooling
water systems and has caused sufficient fouling so that
pressure drops have increased and flows have decreased.
This in tumn limits the ability to adequately cool
components. Heat exchangers that have been affected
Include those for CCW, RHR, and Emergency Diesel
Generators.

The RNS HXs transfer heat from the reactor coolant to the closed CCS. Tha CCS water
is chemicalty controlled with corrosion inhibitors end pH adjustment.  The makeup water
to the CCS is demineralized water. When the CCS water chemistry is maintained as
specified, there is no potential for biclogical fouling of any of the components which are
cooled by tha CCS, including the RNS heat exchangers.

The CCS is in tum cooled by the open service water system which releases its heat into
the ultimate heat sink via a cooling tower. The SWS is a relatively small open cooling
system which is chemically controtied to maintain appropriate concentrations of biocide,
algicide, pH adjustor, comosion inhibitor, scale inhibitor, and a silt dispersant
(Subsaction 9212 2)

The APGOC diesel generators use & clesad cooling system with air cooled radiators.
therafors, biolouling concems are not applicabie 1o the diese! generators.

158 |Section 47 Component- Dislodged Connectors Power connactors have become INPUT THIS ISSUE INTO THE DESIGN ISSUES TRACKING SYSTEM
Related Insights - | accidently dislodged resulting in undesired transients. One
Power Connections | example is power connactors for the feedwater control
system, which led to a reactor scram
159 |Section4 @ Component- Flaw in BWR Intermediate Monitors A A falled nuclear instrument power supply fuse results in an instrument output that is “cut-
Related Insights - | design flaw was identified in BWR Intermediate Range of-range”. If a parameter measurement is outside the range of the instrument (note that
Neutron Monitors | Monitors whereby the failure of a power supply fuse the data quality would be good), then this “out-of-range” information is indicated on the
resuited in inoperability but was not annunciated nor cid it | workstation display to the operator.
create a trip siuation from the detector output.
180 |Section 49 Component- Desiccant Due to a failure in the Instrument Air | The after-filtar design differentiai pressure capability is greater than the maximum
Related Insights - | (IA) system filter, the desiccant from the dryer assembly difterential pressure.  Shouid the filter become plugged, it is designed not to fail. The
Instrument Air carriad over into e 1A system and caused a failure of dryer package will have alarms to identify high difierantial pressure across the filters
Dryers solenoid vaives  This in tum caused & CIV to bacome

inoperable.
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Use of HFE Principies in LCS Design Lncal control
stations (LCSs) serve as interfaces between the operalcrs

and the piant, simiiar o the work stations in the CR
Hence, the approach to their design should reflect the
same HFE considerations given to the MCR_ | e they
should be designed using the same methods, standards,
guidsline, and principles. The design of LCSs should be
guided by the function and task analyses used to analyze
the human roie in the piant. It should be determined that
functions to be performed at LCSs will not be compromised
by human limitations and that the design of the LCS meets
the needs of the operator for process information, means of
effecting controi, fesdback on control actions, and an
adequate working environment In addition, the design of
each LC3 should be consistent with that of other LCSs and
should conform to plant-wide conventions regarding coding,
iabeling, information dispiay, and operation of controls.
Labeling should be well engineered, consistent, thoroughly
appliad throughout the plant, and apprupriately designed to
avoid wrong-unit/wrong-train type errors.

LCSs in the APS00 will be designed using the same HFE design process and
considerations as will be used for the MCR and M-MIS. Each LCS will be analyzed and
designed to accommodate the foliowing: (a) expected modes of operation including
maintenance und refueling; (b) function identification and task anatysis; and (c) staffing
levels needed. The design process will identify the individual tasks necessary 1o perform
the LCS's functions.  Any MM! designed for the LCS will follow the same process,
principles, guidelines, conventions and codings as was applied to the MMI in the MCR.
Plant-wide conventions regarding equipment coding, iabeling. and operations of controls
will alsc be applied to the design and layout of LCSs.

Functional Allcation Considerations In discussing
problems that might be anticipated with future LCSs,
Hartley ef a/. (1984) pointed to the allocation of an
increasing number of LCSs to automatic or semiautomatic
systems (as opposed to human operators} The difficuities
they anticipated were the same as those that can arise
from increasing automation in the CR, e, the potential
loss of operators’ situation awareness, and hands-on
control skills (O'Hara, 1993) as their primary role becornes
one of menitoring rather than controlting A retated
observation was made during the plant visits undertaken for
NUREG/CR-6146

The L.CSs will be designed using the same design process as that used for the MCR
and the M-MIS. One of the design objectives for the APS00 M-MIS is to present
information to the operator in such a way that the operator is able to maintain situation
awareness. The WPIS displays ir the MCR wil! be designed 1o accomplish this
objective For LCSs, the respective interface will be designed to allow the local operator
to maintain an awareness of the situation; to effectively monitor and verify the status of
any automatically controlied local functions, and to properly execute any required local
manual actions.
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HSI Consistency With Main Control Room The reviews
undertaken for NUREG/CR-6148 involved 11 site visits to
observe LCSs. At afl of the plants, operators in the CR
had access to computer-based displays in addition to
conventional displays.  These displays provided high-level
information, 8 g . indications that representad an iniegration
of several parameters, of the vaiue of a set of parameters
plotted over tima. However, in only one of the plante were
such displays available at the shutdown paneil.  This issue
may become more significant in advanced plant designs,
where CRs are computer work-station-based, while the
LCSs (such as the remote shutdown pansl) are based on
conventional HS1. In such a plant, cperators at remote
shutdown stations might be forced to gather information
about the status of the piant and the effectiveness of their
actions by unaccustomed means.

The workstation in the APS00 ramote shutdown room wilt be identical to the Reactor
Operator's workstation in the MCR. The M-MiSs available at the operator's workstation
in the MCR will aisc be avaiiabla at the remote shutdown room workstation.  Therefore,
th) operator will obtain plant information and control the plant from the remote shutdown
workstation in the same manner as he does from the MCR workstation

The MMI and workstation design for an LCS will follow the same process, principles,
guidelines, conventions and codings as was applied fo the MM! in the MCR

Distribution of Safsty Functions Functionai Centralization
{FC) refers to the manner in which the safety functions of
LCSs are distributed throughout the plant. This embodies
many of the sysiems engineering characteristics of LCSs
and their functional organization. A plant with low FC has
a wide distribution of safety functions on many local panels
throughout the plant. Such plants also heavily use tocal
control of individual components. A plant with high FC has
all satety functions integrated into a single panel which
contains all necessary controls and displays.  FC affects
human performance through its impact on such factors as
communication workioad, crew coordination, time to
compieta actions, and requirements for procedural
complexity In NUREG/CR-5572, It was shown that
sentralization of functions at multifunction control paneis
was associated with large potential reductions In risk.
When considerad at the design stage, the risk racuction
benefit would be high.

The APS00 plant design is such that it has a high degree of FC, ie it has all salety
functions integrated into a singie panel which contains all necessary controls and
displays. This panel is the reactor operator workstations in the MCR

The APSO0 I18C architecture will be such that al! process information that is available via
the plant control sysiem will be available throughout the plant.  Communication ports will
be located throughout the plant to allow workstations to be used locally atl the aquipment
for "local control®, monitoring activities, maintenance activities, or other functions. Local
indication andior controis wilt not be usad except where required by code, reguiatory
requirements, URD or for operation of the process whera portable interfaces with the
plant control system would be a hindrance.  Through the use of either portable or
permanently installed interfaces and/or displays, plant personnel can access any
monitored parameter in any location in the plant. By using this technique, local
indicating devices will not generally be required and an auxiliary operator can monitor
the whola system from one location.

Lack of Local Valve Position indication NUREG/CR-6146
found that many manual valves, even those found to be the
most risk significant manual valves, lacked local position
indication. Without such explicit indication, the position of
the valve is inferred from stem position (for rising stem
valves) or determined by checking the vaive in the closed
diraction  Both methods have potential problems, as
discussad in the NUREG/CR. OER also identified incidents
that were caused by poor or missing local VPi  The nature
of the position indication should be appropriate to the use
of the valve.

Manual vaives that have been found to be risk significant have been provided with
remote position sensors. Manual valves with remote position indicators include the CMT
outiet isolation valves (PXS-VO13A/B) and the PRHR HX outlet isolation valve (PXS-
V109).




96E 1501 4dm MLZB2\ W

tesues Addraseed By NUREG 0711 Appendix 8

Human Facto:: AspectMuman Performsnce lssue

Humen FactoraMuman Performance lssue Addressed by AP600 Design

at LCSs Ohen there is not enough oom for
operators to work at the remote shutdown panel.  in
particular sufficient space for handling procedures is
needed at the remote shutdown panei as weli as at many
othar local panels.

The workstation in the APS00 remote shutdown mom will be identical to the Reactor
Operator's workstation in the MCR. The M-MiSs available at the operator's workstation
in the MCR will also be availabie at the remote shutdown room workstation.  This
control the plant from the remote shutdown workstation in the same manner as he does i
from the MCR workstation. The CPS and its use of multiple VDUs {dynamic roadmap
screen, main interface screen and supplemental information) elfiminates the need to
ensure adequate laydown space is available at the workstation for handling paper
procedures. Task analysis will be performed for other LCSs and If laydown space is
needed then this need will be addressed.

Steam Generator Dump Valves Manual operation of PWR
SG atmospheric dump valves is often very difficult because
of complicated manus! arrangements, very high noise
levels, high heat loads, and sometimes inconsistent vaive
operation with valves in close proximity to each other

Undst normal power operation, the operation of the powar-operated relie! valves
(PORVs) Is automatically controlled by steamiine pressure durir g ptant operations. The
PORVs automatically modutate open and exhaust to atmosphere whenever the
steamfine pressure exceeds a predetermined setpoint.  The setpoint is selected between
no-load steam pressure and the set pressure of the lowest set safety valves  For their
use during plant cooldown, the power-operated atmospheric relief valves are
automatically controlied by steamiine pressura, with remote manual adjustment of the
pressure sefpoint from the control room or the remote shutdown workstation. To effect 2
plant cooidown, the operator manuatly adjusts the prassure setpoint downward in a
step-wise fashion. Manual control at the vaive is not provided for the PORVs. The
PORY discharges are on the roof of the auxiliary bullding and discharges via a silencer
to fimit noise levels.

The steam generator power-operated atmospheric relief valves provide a
nonsafety-related means for plant cooidown by discharging steam 10 the atmosphere
when the turbine bypass system is not available. Under such circumstances, the relief
valves (in conjunction with the startup feedwater system) allow the plant to be cooled
down at a controlied cooldown rate from the pressure setpoint of the lowest sat of safety
vaives down to the point whare the RNS can remove the reactor heat The
safety-related means of decay heat removal and plant cooldown is attained by means of
the passive RHR system and independent on the PORVs.
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168

Subsection 543

sg«;}

Pearsonnal Varous areas of the plant have
the potential for high radiation fiekds that couid lead to
personnel overexposure, therefore all plants have Installed
mattunction of cenain equipment can lead o very high
radiation levels This squipment inciures incore instrument
thimbies and traveling incore probes (TIP). Thers shouid
be appropriate local waming devices (and perhaps aisc CR
alarms) to alert parsonnel when equipment, such a TIPs
and incore thimbles are not shieided and the potential
exists lor high radiation fields

Tre APS00 incore instrumantation does not include traveiing incors probes (TIPs) or
movable detectors. The incore thimbie tubes are installed and not moved during plant
operation.  They do not present any potential for over-exposure of personnel to radiation
while installed These thimble tubes are withdrawn into the integrated head package
prior to head removal in preparation for refueling  After thimbie tube withdrawal the
integrated head is Wfted and set down onto a thick bottom shisiding piate. The shielding
plate Is attached and the head Is then lifted into a shielded vault. The thimbie tubes
also do not present potential for over-exposure of personne! to radiation during
shutdown.

Area radiation monitors (ARMs) are provided to supplement the perscnne! and area
radiation survey provisions of the AP800 health physics program described in Section
12.5 and 10 comply with the personnel radiation protection guidelines of 10 CFR 20,
10 CFR 50, 10 CFR 70, and Reguiatory Guides 157 82 88, and 8 12 In addition to
the installed detsctors, periodic ptant emvironmental survelliance is established

APS00 normal and accident plant radiation monitoring is described in SSAR
Section 115 Additional portable monitoring, inciuding that required o meet
NUREG-0737, item #1.D .3 3, is tha responsibility of the COL apphicant.

169

Subsection 54 4

LCSs --

Emergency Lighting Emergency lighting s required in the
plant for personnel safety and for nuciear safery reasons.
The two key nuciear safety areas requiring emergency
lighting are the scenarios of 10 CFR 50, Appendix R,
Section it J and SBO. Operating experiance has shown
that NPPs have tended to pay less attention to the lighting
requirements during an SBO scenario. A common practice
is to depend on auxiliary operator use of flashlights. This
can be a problem due to the potential unavailability of
flashlights in an emergency and also because the physica!

The APS00 design includes extensive use of piant automation and distributed control.
The distributed control system minimizes the need for LCSs to meet the requirements of
sither 10 CFR 50 Appendix R or 10 CFR 50 62 (SBO). Emergency fighting is provided
in the MCR and the ramote shutdown workstation o illuminate these areas for
emergency operations upon loss of normal lighting. See the AP600 SSAR, Chapter 7
for a description of the plant control system. The emergency lighting system is
described in APS00 SSAR Subsection 85322

The APS00 design includes two non-Class 1E diesel generators separated by a fire
barriar. Following a fire, at least one of the diesel generators will be available i provie
power to normai lighting in areas of the plant not damaged by the fire. During SBO the
two non-Class 1E diesel generators are available to provide power to normai plant
tighting. The onsite non-Class 1E diese! generators are described in APS00 SSAR,
Subsection 8.3.1.
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implamentation of such procedures should aiso be
considered. Additionally, the effective integration of the
various HSIs with the procedures is important. A particular
area needing clear procedural coverage is. Esiablishing
and maintaining mid-loop (in PWRS) or other raduced
inventory operations.

tem issue Referance issue/Scope Human Factors AspectHuman Performarnce lasue Human Factors/Muman Performance issus Addressed by APSO0 Design
173 | Subsection 632 Shutdown Inadvertent Draining of Reactor Vessel Procedures are an | Procedure development is a COL applicant responsibifity (SSAR 13.5 and 1898) As
Operations - important aspect of shutdown operations.  Appropriate HFE | described in Subsection 5 4.7 of the SSAR, ne APS00 RNS has been designed with
Procedures in the CR and at LCSs that can assist in the features that address Generic |_etter 88-17 regarding mid-loop opsmations These
implementation of such procedures should also be features pravent inadvertent lowering of RV vessel level below that necessary to
considered Additionally the effective integration of the maintain effactive decay heat removal
varous HSis with the procedures is important.  Clear
procedural coverage should contain adequate guidance for | The operational procedures will raly upon RCS instrumentation to provide sufficient
fowering RV level when operating in the RHR coaling indications and alarms to determine the status at any ime  The Instrumentatio: is listed
mode. Also, there should be pracautions against below.
inadvertently draining the RV or draining the RV via
mufltiple pathways at the same time. An example of Hot Leg Level Instrumentation - The APS00 RCS contains level instrumentation in
inacvertent draining is having the RHR isolation valves each hot leg with indication in the MCR via an appropriate display. in addition, the wide-
(from the primary) open at the same time as other RHR range pressurizer level instrumentation used during cold plart operalions is availabie to
valves, which can drain water from the RHR system measure to the bottom of the hot legs. There is continuous level indication in the MCR
{LERs 50-265/87-010, 50-341/87-036, and 50-382/86-015). | from the nommal leve! in the pressurizer o the range of the two narrow-range hot leg
level instrumentation.  Alarms are provided 1o alert the aperator when the RCS hot leg
feve! is approaching a low levei. The isolation vaives in the line usad 1o drain the RCS
closa on a low RCS level during shutdown operations. Operations required during mid-
toop are performad by the operator in the MCR. The level monitoring and contro!
featuras significantly improve the reiability of the APS0D during mid-loop operations.
Reector Vessel Outiet Temperature - RCS hot leg wide-range temperature instruments
are provided in each hot leg. The crientation of the wide-range thermowell-mounted
resistance temperature detectors enable measurement of the reactor coolant fluid in the
hot leg when in reduced inventory conditions. In addition, at least two incore
thermocouple channe's are available to measure the core exit temperature during
midioop RHR operation. These two thermocouple channels are associated with
separaie electrical divisions
174 | Subsection 633 Shutdown Reduced Inventory Operations Procedures are an Procedure development is a COL applicant responsibility (SSAR 13.5 and 18.9.8)
Oparations - important aspect of shutdown operations.  Appropriate HFE | SSAR Subsection 54.7 2 1 providas a description of the APS00 design features that
Procedures in the CR and at LCSs that can assist in the have been incorperated to address mid-loop and reduced inventory operations. See the

responses to ftems 73 and 172 for more information.
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Temporary RCS Boundaries Procedurss are an important Procedure development is a COL applicant responsibility (SSAR 135 and 18 98) See
aspect of shutdown operations  Appropniate HFE in the CR | the response to RAI 440 55 snd items 73, 172 and 174

and at LCSs that can assist in the implemerntation of such
procedures should alsc be considerad.  Additionally, the The following APB0O design features reduce the risks associated with temporary RCS
effective integration of the various HSis with the procedures | boundaries:

is important.  Clear procedural coverage is neaded In the
use of temporary RCS boundaries such as freeze seals, - SG nozzie dams - the AP600 SG nozzie dams are classified as APS00 Equipment
nozzie dams, and thimble tube seals inciuding contingancy Ciass C so that the design, manutacture, installation, and inspection of this

plans in case of lailure boundary {when installed) is controlied by the ‘ollowing requirements. 10 CFR 21,
10 CFR 50, Appendix B, Regulatory Guk_e 1.26 Quality Group C; and ASME
Boiler and Pressure Vessel Code, Section i, Class 3. In addition, this pressure
boundary ie classified as Scismic Category | so that it is protected from lailure
following a sale shutdown sarthquake (SSE).

Elimination of temporary plugs for nuclear instrumentation - The APS00 does not

contain boftom mounted instrumentation that raquires temporary plugging during
shutdown and refueling The APS00 utilizes a fixed incore system

Current plants remove the excore detactors from sbove the excore housings
through the floor of the refueling cavity. During refueling operations, these holes
are plugged to facilitate flooding of the refueling cavity The APS00 has elimmnated
these temporary piugs by designing tho excore instrumentation o bs inserled from
below the excoie housings.

Reduced refiance on freeze seals - the APS00 has reduced the potential
applications for freeze seals by reducing the number of lines that connect to the
RCS and by providing the abiiity to perform operability tests on many vaives that
monnect to the reactor coolant pressure boundary. This improved IST reduces the
requirements for disassembly of reactor coolant pressure boundary vaives fo tes!
their operability. The use of ireeze seals during a forced outage wiil typically occur
in cold shutdown (Mode 5), when the PXS is required to be available.

LOCAs During Shutdown Procedures are an important Procedure development is a COL applicant responsibility (SSAR 135 and 1898) The
aspect of shutdown operations. Appropriate HFE in the CR | shutdown PRA has addressed the risk of LOCA durino shutdown. SSAR

and at LCSs that can assist in the implementation of such | Subsection 54 7 2.2 provides a description of the APS00 design features that have been
procedures shouid aiso be considered.  Additionally, the incomporated to address inter-system LOCA. See the responses 1o ltems 73 and 172 for
effective integration of the various HSis with the procedures | more information.

coverage is. LOCAs during shutdown, including
intersystern LOCAs and operator-induced LOCAs. (Also
see itam under Subsection 853 )
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Boron Dilution Accidents Procedures are an important
aspect of shuldown operations. Appropniate HFE in the CR
and at LCSs that can assist in the implemantation of such
procedures should aiso be considered. Additionally, the
affective integration of the various HSIs with the procedures
is important  Clear procedural covarage is needed during
rapid boron ditution accidents, such as the startup of an
RCP in an idle loop that has a significantly lower boron
concentration than the reactor

Procedure development is a COL applicant responsibility (SSAR 135 and 18 98). Such
a scenario has been postulated for current piants. Foliowing an SGTR event, the
operators are instructed that if they must rastart the RCPs, they must start the RCPs in
2 loop other than the faulted SG. This aiso applies o the AP600 and is included In the
APS00 ERGs in the guideling used for recovernng from an SGTR event. Such a
pracaution may also be used in recovery procedures where startup of an RCP is
required foliowing long-term operation with @ stagnant RCS loop that may be af &
significantly lower ho”_n conce "ration.

Containment integrity During Shutdown Procedures are an
imporntant aspect of shutdown Jperations.  Appropriate HFE
in the CR and at LCSs that can assist in the
wdmmmmu

open hatches and penetrations on a loss of RHR.

Procedure development is a COL applicant responsibility, however the APSCO TSs
{Section 18 1, Sutsection 3 6) explicitly define which modes of operation and under
which specific conditions containment integrity is required. The "Bases” section of each
of the 3.8 TSs discusses the rationale for the requirement and includes consideration of
the following aspects of plant design and operation for the bases:

Avaitable time for mitigative actions (including time required for sucn actions)

Fire Protection Procedures are an important aspect of
shutdown oparations. Appropriate HFE in the CR and at
LCSs that can assist in the implemantstion of such
procedures shouid also be considerad.  Additionally, the
effective integration: of the various HSis with the procedures
is important. Clear procedural coverage is needed for fire
protection during shutdown

Procedurs development is a COL applicant responsibility (SSAR 135 and 18 9 8)

The Fire Protection System is described in SSAR Subsaction 8.5.1 and a fire protection
analysis is provided in SSAR Section 9A.

Spent Fuel Pool Cooling Procedures are an important
aspect of shutdown operations. Appropriate HFE in the CR
and at LCSs that can assist in the impiementation of such
procedures should aiso be considered  Additionally, the
eftactive integration of the various HSis with the procedures
is impontant.  Clear procedural coverage is needed for loss
of spent fuel cooling.

Procedure development is a COL applicant responsibility (SSAR 135 and 18 98) The
APE00 spent fual pooi cooling system is not required to operats 1o mitigate design basis
events. In the event the spent fuel pooi cooling system is unavailable the spent fuel
cooling is provided by the heat capacity of the water in the pool. Connections to the
spent fual pooi are made at an elevation to preclude the possibility of inadvertently
draining the water in the pool to an unacceptable level

Further explanations of the spent fuel pool cooling system during abnomal operations
can be found in SSAR Subsection 9 1.3 4 3 and accompanying subsections. Pertinent
safety evaluation information for the spent fuel pool cooling sysiem can be found in
Subsection 9135
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Shutdown
Operations
Instrumentation

independent Measurements ol RCS Level Many current
plants do not contain pamMmansntly-instalied instrumentation
to monitor the plant’s safety status during shutdown For
new piants, instrumantation that appropnately suppors
shutdown operations shouid he considered for instafiation.
for example Two independent measures of RCS level,
including permanent instrumentation capable of measuring
mid-loop conditions accurately  There should be adequate
overiap between the RCS level instrument ranges to
ansure complete coverage at all levels ard o altow
comparison between instruments as level changes ranges
Plants should avold depsndency on temporary, tygon
tubing type laval indicators, which have caused many
problems in the past.  Additionally, one should consider the
potential inaccuracies of mid-loop level indicators that occur
when one ieg is vented to atmosphere and a slight
pressurization of the RCS ocours. instances have also
occurred where the RCS was under slight vacuum,
resulting in level measuremen’ inaccuracies Additionalty
there shouid be available displays and/or alarms of water
level information in the refueling area while the reactor
vessal head s removed

The APE0C has incorporated independent hot leg level instrumants in sach hot leg
These are permanenily instafied and are capable of measuring mid-loop conditions at
shutdown. Their range ovartaps with the cold-calibrated wide range pressurizer level
instrumentation to aliow for continucus measurement of RCS water level during the
transition 1o reduced inventory operations SSAR Subsaction 54 7 2 1 provides a
description of the APG00 design fsatures that have been incorporated to address mid
loop and reduced inventory oparations including the hot leg level instruments.  Ses the
responses to items 73 and 172 for mora information

Shutdown
Operations --
Instrumentation

independent Measurements of Temperature Many current
plants do not contain permanently-instalied instrumentation
to monitor the plant’s safety status during shutdown. For
new plants, instrumentaiion that appropriately supports
shutdown operations should be considerad for instaliation
for example. Two independent measurements of cors exit
termpearature

The design of the AP600 has considered shutdown modes extensively as documented
in the various licensing submiftals: 1) passive salety systems that are designed to
mitigate accidents dunng shutdown modes (SSAR Section 6 3), 2) TS that apply o the
passive safety systems during shutdown modes (SSAR Chapter 18), 3) ERGs
{Reference 2) for shutdown modes, 4) quantification of the risk of core damage at
shutdown (APSOU shutdown PRA), 5) evaluation of design-basis-initiating events during
shutdown modes (AP§00 Shutdown Evaluation Report - 6/96)  Instrumentation has
been designed to appropriately cover all modes of operation including shutdown. RCS
loop instrumentation and cora exit thermocouples provide indepandant measurement of
reactor coolant temperaturs during shutdown operations Including mid-loop and raduced
inventory operations
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Monitoring RHR System Performance Many current plants
do not contain permanentiy-instailed instrumentation to
monitor the piant's safety status during shutdown. For new

for out of spacification temperatures, pressures, and flows

The APG00 RNS has no safeiy-refated functions during shutdown cooling except
maintanance of the reactor coolant pressure boundary and containment isoiation if a
dasign basis avent ococurs

The RNS contains pe nanently instalied instrumentation to monitor systen. performance
as described in SSAR Subsaction 54 7.7 System parameters and alarms necessary for
system coeration are monitored in the MCR including the following:

. RHRA pump flow;
. RHRAR HX inlet and outiet tamperatures. and,
. RHR pump discharge prassure.

In addition, the RCS contains instrumentation to contro! and monitor the operations of
the ANS. These include the following:

. RCS wide range pressure
. RCS hot ieg level.

Instrumentation is aiso provided to enable mid-loop operations to be performed from the
MCR.

instrument Ranges and Accuracy Many current plants do
not contain permanently-installed instrumentation to monitor
the plant’s safety status during shutdown. For new plants,
instrumentation that appropriataly supports shutdown
cperaticns should be considered for instaflation, for
example Instrumantation containing appropriate ranges
and accuracy 1o monitor shutdown conditions as well as
power operating conditions.

The design of the AP600 has considered shutdown modes exiensively as documented
in the various ficensing submiftals: 1) passive safety systems that are designed ‘o
mitigate accidents during shutdown modes {SSAR Section 6 3), 2) technical
specifications that apply to the passive safety systems durirg shutdown modes (SSAR
Chapter 16), 3) ERGs for shutdown modes, 4) quantification of the risk of core damage
at shutdown (APS00 shutdown PRA), 5) avaluation of design basis initiating events
during shutdown modes (APS00 Shutdown Evaluation Raport - 5/96). Instrumentation
has been designed o appropriately cover all modes of operation including shutdown.

Dedicated Shutdown Annunciators Many current plants do
not contain permanently-instalied instrumentation to monitor
the plant's safety status during shutdown. For new plants,
instrumentaticn that appropriately supports shutdown
operations shoukd be considered for instaflation, for
example: Use of dedicated shutdown annunciators for
special hazardous conditions that arise during shutdown
(e.g., refusiing cavity low-leve! alarm). Also consider the
use of trend displays during shutdown, such as RV ievsl.

The design of the AP600 Alarm System includes alarms spacific 1o the specia!
conditions that arnise during shutdown conditions. The alarm trigger logics include
defining plant conditions under which the alamm applies  Applicabis trend dispiays will
be used during shutdown conditions, inciuding reactor vassel level or equivalent. The
M-MIS inciudes trend displays as part of the Plunt information system displays that are
availabie to the operator through his worksiation. Also, the WPIS wil! display significant
trends for each plant operating mode or significant plant state, including the shutdown
modes.

by cperators when ne sded during a shutdown abnormal
event. Similar provisions should be made for other
containment penetrations that may be open during
shutdown evolutions.

The equipment haich will be maintained closed for operation rodes requining
containment integrity or the capability of rapid closure will be incorporated into the
design of the maintenance hatches. Open ftem ____ s assigned to follow the resolution
of this tem_ Other containment penetrations including containment purge and personne! §
airlocks provide the ability for rapid closure independent of nonsalety-reiated support
servicas including ac power.
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of the plant.  This includes arsas wherse the following
activities may take place: maintenance, testing, local
operations, and monitoring activities. Effective
communications are also very important during any
abnormal events that occur during the shutdown period.
When designing plant commurications systems, care
should be taken to consider shutdown operations.

ftem issue Reference fssue/Scope Human Factors AspectMuman Performance issue Humen FactorsMuman Performance issue Addressed by APS00 Design
187 | Subsection § 5.2 Shutdown Fuel Handling Equipment An equipment upgrade that The APSCO fuel handling equipment design has incorporated industry operating data and
Operations would improve shutdown safety is: ‘mproved human experience to develop a design that will improve shutdown safety  The use of the
Equipment engineering of fue! handiing squipment. Poorly-designed | operating experience i3 intanded to eliminate any poor design features that were present
equipment, in the past, has led to fuel assembly drops and | in previcus designs  in addition, several of the leading fuel handling equipment design
damage This equipment should aiso be addressed by the and maintenance organizations are involved with the design and review of the APS00
HFE program. fue! handiing equipment. To ansure that operating plants have the ability to provide their
input into the APS0U fuel handling equipment dasigns, many of the iuel “andiing
equipment design documents have been reviewed and commsnted on by parsonnel at
operating plants. Refer to SSAR Section 9 1 for a description of fual storage and
handiing.
188 | Subsection 653 Shutdown An aquipment upgrade that would The motor-opersted valves in the RNS which are connectad 1o the RCS hot leg are
Operations - improve shutdown safety is. Use vaive interiocks to interfocked to prevent them from opening when RCS pressure exceeds 450 psig  These
Equipment prevent overpressurization of iow pressure piping and vaives are also interiocked to pravent opening uniess the isolation valve from the IRWST
components, (LER 50-341/86-045) to the RHR pump suction header Is closed. SSAR Subsection 7.6.1 describes this
intertock.
SSAR Subsection 54 7 1 2.5 describes how the RNS provides a low temperature
overpressure protection function for the RCS during refueting, startup, and shutdown
operations. The system is designed to limit the RCS pressure within the limits specified
in 10 CFR 50, Appendix G.
The APS00 has siso addressed this issue in the ISLOCA report (WCAP-14425)
189 | Subsection 654 Shutdown Backup Power Sources An equipment upgrade that would | AC electrical power is not needed to maintain a piant safe shutdown conditicn for the
Operations — improve shutdown safety is' Approprate use of backup APS0C. Aithough the diesel generators are not required, generally, if offsite power Is
Equipmant onsit~ power sources, such as emergency diesa! lost, they will be available and will automatically start and sequence loads tha! will
generators, and portable power units. enhance the safety of the plant during shutdown conditions.
190 |Section 86 Shutdown Communications Between MCR and Plant An important The plant communication system consists of the ‘ollowing systems: wireless
Operations - aspect of maintaining normal shutdown conditions is communiceion system, telephone/page system, PABX. sound-powered system,
Communications adequate communications betwsaen the MCR and the rest | emergency response fecility communications, and security communication system  The

wireless telephone system i3 the primary means of cemmunication for plant operations

and maintenance personnel. The wireless system consisis of wirsless beli-clip portable
handsets, hands-free type portable headsets, a comprehensive artenna system, and a
wireless telephone switch. The telephone/page, PABX telephone, and sound-powared
communication systems are for general plant communications and serve as backup to

the wireiess system. These systams are designed for effective communication betwesen
the MCR and the rest of the plant during ai modes of operation, including shutdown

The communications system is described in SSAR Subsection 852
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TABLE 2 {Continued)

RELATED HS! TECHNOLOGIES WHERE
LITTLE OR NO NUCLEAR EXPERIENCE EXISTS

HFE lssues Applicable to the AP600 Design

Human Factors/Muman Perfo: mance Issue
Addressec by the APS00 Design

Lessons Leamed From Nuciear and Airline industry {Navigation Through
Large Display Networks):

Y

2)

The large scope of computerized CR applications necessitates large
display structures involving thousands of displays. Design errors can
resuit in getting lost in large display :etworks.

Overview displays

See Table 1, liem 77, 91 and 93. SSAR Subsection 18 8.2 includes
the implementation Plan for the HS! Design that addressas the criteria
of Element 7 of NUREG-0711. For each HS!, including the Plant

information System {workstation displays), an HFE design guidelines
document is developed that provides guidelines to the HSI designers
on the conventions, symbois, color coding and dynamic characteristics
to be used in the design of the respective HSI. Issues such as

navigation issues will be addressed by the guidelines document. The
HSI Design plan also includes concept testing and design reviews

See Table 1, Items 66, 74 and 93.

1)

Lessons Leamed From the Space Program:

Information display issues include structures that consfitute a display,
organization of those structures, and methods of directing the user's
attention to specific display areas.

Display response fima
Navigating through displays
Procedural errors

Errors of confusion occur when one word, function, or command is
mistaken for another.

Errors in detection and monitoring

1)

See Table 1, Item 77, 91 and 93. SSAR Subsection 18 8 2 includes
the Implementation Plan for the HSI Design that addresses the criteria
of Element 7 of NUREG-0711. For each HSI, including the Plant
Information System (workstation displays), an HFE design guidelines
document is developed that provides guidelines to the HSI designers
on the conventions, symbois, color coding and dynamic characteristics
o be used in the design of the respective HSI. issues such as

} issues will be addressed by the guidelines document. The
HSI Design plan also includes concept testing and design reviews.

See Tabie 1 ftam 93.
Sea Table 1 itam 77, 91, and 93 Also, see response 1) above
See Table 1 ftems 50, 51, ™1, 105 and 106.
See Tabie 1 iteins 55 and 1.

See Tabie 1 ltems 55, 66, 68, 74 and 105.
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TABLE 2 (Continued)

RELATED HS! TECHNOLOGIES WHERE
LITTLE OR NO NUCLEAR EXPERIENCE EXISTS

HFE Iseues Applicable to the AP600 Design

Human Factors/Human Performance issue
Addressed by the AP600 Design

1)
2)
3)
4)
5)

Team interaction

Lessons Leamed From Electrical, Gas, and Ol Industries:

Performance aide
Integrated displays

Unanticipated situations 3)
*Openness” of work srea and shared information 4)

1) See Table 1 lterns 26, 62, 77, 79, 80, and 88.
2) See Table 1 tems 66, 71, 74, 77, BO, 88 and 102.
See Table 1 items 68 and 70.
See Table 1 ltems 66, 74, and 75.
See Table 1 items 66, 69, and 71,
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3.2

3.3

34

3.5

3.6

3.7

3.8
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