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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 APB0D review is to identify and analyze
HFE-related r..oblems 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 m ~-machine interface (MMI) experience, where limitea
experience exists in the nuclear inaustry, s also addressed.

Guidance for this OER is base” 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
Arivanced Reactors Based Upon Operation Experience,” BNL Technical Report
=2090-4-3-1/95) 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 AP§00 design
addresses 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 AP600
Design

The numbers in column 1 are used throughout this document as a convenient means to
reference the various issues. Colunn 2 identifies the reference document that presents the
issue to be addressed. Column 3 identifies the specific issue/scope. Column 4 identifies the
human 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 "THIS ISSUE INPUT INTO THE DESIGN ISSUES
TRACKING SYSTEM" typed in bold letters. Standard Safety Analysis Report (SSAR)
subsection 18.2.4 provides a description of the design issues tracking system which includes
tracking of HFE issues.

Column § 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"
t,0ed in bold letters. Immediately after the bold type, the reason why the issue in not
applicable to the AP600 is provided.

Column 5 of Table 1 may identify the issue or part of the issue as "the responsibility of the
Combined License (COL) applicant.” The following is a list of those items from Table 1 that
are identified totally or partially as the responsibility of the COL applicant: 1, 21, 45, 48, 49,
50, 51, 58, 63, 64, 65, 67 through 70, 157, 168, and 170 through 180.
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40  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
technologies 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 AP800 computerized procedure system (CPS) is dynamic and interactive with the
remaining AP600 HSI. Plant parameter values, plant state, and assessment of procedure
steps are performed by the system. No system comparable to the capabilities of the AP600
CPS, with relevant operating experience, was found in other industries. If any such

experience is published, it will be reviewed and identified human factors issues will be
addressed.

The reviewed documents include operating experience from the following industries: 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 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 documented in Table 1. Where the issue is not currently
addressed by the AP600 design, an entry is made in column 3 stating "THIS ISSUE INPUT
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.

Column 3 of Table 2 may identify the issue or part of the issue as "the responsibility of the
Combined License (COL) applicant." The following is a list of those items from Table 2 that
are identified totally or partially as the responsibility of the COL applicant: Ref. 2.3 item 2:
Ref. 2.4 items 3, 4, and 8; Ref. 2.6 item 4; and Ref. 2.7 items 3 and 5.

m\3265w.wpt:1b/101696 Revision 1
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5.0 CONTENT AND RESOLUTION OF OPERATOR INTERVIEWS

As part of the OER, Westinghouse has conducted operator interviews and observations during
plant operations and after operating events. These interviews/observations are documented in
Table 3. Column 1 of Table 3 identifies the reference that documents the operator interviews.
Column 2 identifies the HFE-related issues applicable to the AP600 design, and column 3
documents how the APENC Jesign 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 “THIS ISSUE INPUT 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.

Column 3 of Table 3 may identify the issue or part of the issue as “the responsibility of the
Combined License (COL) applicant." The following is a list of those items from Table 3 that
are identified totally or partially as the responsibility of the COL applicant: Ref. 3.1 items 1, 2,
3,4, and 5; Ref. 3.2 items 2, 3, and 4; Ref. 3.4 items 1, 2, and 3; Ref. 3.5 item 6: Ref. 3.6
items 1 and 2; and Ref. 3.7/3.8 items 2, 4, and 6.
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OPERATING EXPERIENCE REVIEW FOR THE APS00

Issuss Addressed By NUREG 0711 Appendix B

Human Factors/Human Performance Issue Addressed by AP600 Design

= =
TABLE 1
Issue/Scope Humen Factors Aspect/Human Performance lssus
A-44, Station This is a large and significant issue with many human-factors-
blackout (SBO) related aspects, including controls, dispiays, training, and
procedures.
—

A station blackout (SBO) is a design basis event for the APS00. Passive, safety-related
systems utilize one-time realignment of valves to provide system initiation.  After
initiation, these passive systems do not require power 10 sustain their operation.  For an
SBO event, the valves that align the AP600 systems required to mitigate the event are
tail-sate or batiery-powered valves Fail-sale means that on loss-of-power they move o
tha position that initiates system operation.

Reter to SSAR subsection 7 4.1.1 for a description of the process and plant response
that establishes safe shutdown conditions for the plant, using the safety-retated systems
and no operator action  This discussion only considers the use of safety-related
systems and it assumes loss of offsite electrical power at the start of the avent.

Table 7 5-1 of Section 7.5 of the SSAR summarizes information on the instrumentation
for post-accident monitoring. The post-accident monitoring instrumentation that is

in the table 1o be displayed by the Qualified Data Processing System
(QDPS) is powered from a Class 1E dc uninterruptible power system (UPS) with
sufficient battery capacity to provide necessary electrical power for 72 hours.  As noted

in SSAR Section 7.5.4 and nctes 4 and 7 of Table 7 5-1, there are a few cases where
the instrumentation is powered from a 24-houwr Class 1E battery Refer to SSAR
subsections 8 1.2 and 8 3 2 1 for a description of the Onsite Power System and the DC

Power System. The QDPS cabinets are powered from a Class 1E 72-hour battery

The APS0C man-machine interface system (M-MIS) for controls 11 the main contro!
room (MCR) consists of soft controls at the operator workstations and dedicated
controls at the dedicated safely pane. Reactor operator and senior reactor operator
(SROQ) workstations and their displays are powered from non-1E uninterruptable power
supplies. The workstations will be available for 2 hours into the SBO. After 2 hours
the operators rely on the QDPS dispiays and the dedicated controis for control and
monitoring of the plant. The QDPS provides the Class 1E, qualified display system and
is powered from the Class 1E UPS. The QDPS and the dedicated controls ara located
at the dedicated safety panel. The design of the QDPS displays, dedicated controls,
and the dedicated safety panel are ail pant of the Human System Interface (HSI) and
therefore will be & product of the APS0G HS! design process as described in
Section 188 of the SSAR.

turbine trip, and system-level engineered safety features (ESF) actuations. Thesa
dedicated controls are powered for 24 hours from a Ciass 1E battery through a UPS,
foliowing an SBO. Refer to Table 8.3.2-1 for the list of safety-related loads powered
from the Class 1E battenes.

Training program deveiopment and procedure deveiopment are the responsibitity of the
COL applicant as stated in 13 2 and 13.5 of the SSAR.
_ ==
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TABLE 1 (Continued)

OPERATING EXPERIENCE REVIEW FOR THE APS00

lssues Addressed By NUREG 0711 Appendix B

lssue Reference

Human Factors AspectHuman Performance !ssue

Human Factors/Human Perfocrmance Issue Addressed by AP600 Design

3
g
3
g
=
>
&

ftem B (7)

The buildup of clams, mussels, and corrosion products can
cause the degradation of cpen cycle SWSs  Added
instrumentation. is one means ol providing operators with
the capability to monitor this bulidup and lake corrective
action before loss of system functionality occurs

The APB00C SWS and Circustating Water System (CWS) are nonsatety-related (NSR)
The APG00 uses chemical control in the SWS (SSAR 9.2 1.2 2) and CWS (SSAR
104522) The COL applicant will address the specific chemicals used for waler
chemistry control, algicide, and blocide applications, raflecting potential variations in site
water chemistry and in micro and macrobiological e forms (SSAR 92 1 6 and 104 12 1
respectively) Chiorine residual is monitored in each system in orde* to assure that
effective biocide treatment is being implemented.

item B.1 (8)

This issue resulted from spurious and inadvertent
actuations of fire protection systems, often caused by
operator errors dusing testing or maintenance. Design of
systems should prevent such errors to the extent possible

An explicit requirement exists to design the system such that inadvertent operations do
not occur (SSAR 95.1.1.1, Rev. 4). There ara r 5 spnnkler systems or automati cally
initiated fire protection systems in areas conta:niig safely-related components
(51214 - SSAR Rev. 4) Also an svaluation of the fire protection system integrity
analysis is performed for safety-related systems. The system is desigried to be in
compliance with BTP CMEB 9 5-1

0

9661 18900
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This issue has many subissues, several of which are
refated 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 issue= "

The APE00 includes a DAS that provides a diverse backup to the protection system.
This system is a nonsafety-reiated instrumentation and control (I8C) system that is an
expanded version of the ATWS Mitigation System Actuation Cabinets in the present
generation Westinghouse nuciear power plants  One of the functional requirements of
the DAS is to miligate consequences of a failure 10 trip following an ATWS  The DAS
provides a diverse, altemate means of automatically tripping the reactor and actuating
specified ESF functions for seiected events it the Protection and Safety Monitoring
System (PMS) is unable to perform these functions as a result of common mode faiture.
A more detalied description of the DAS, including the diverse nature of the system, is
found in SSAR subsection 7.7 111

The APS00 I&C systems includes a Data Display and Processing System (DDS). One
of the functions provided by the DDS is a distributed computer function.  The distributed
computer function provides data acquisition, data storage, and computational functions
to support operations, engineering plant information needs and emergency response
information needs within a single system The distributed computer funclion interacts
with the plant operators through the operational display function and the plant
information system. The distributed computer function provides many computational
tunctions, ncluding provisions for pre- and post-trip data for review and analysis,

The APG00 PMS is a salety system of electrical and mechanical equipment that senses
generating station conditions, and generates the signais 1o actuate reactor trip and ESFs
that provide the equipmen! necessary to monitor plant safety-related functions during
and following designated events (Reference SSAR Section 7 1) The PMS provides a
high degree of reliability and fault toierance for both operating and maintenance

situations.  SSAR subsaection 7 1.2 10 describas the specific design features that provide
this capability. SSAR subsection 7 1 2 12 describes the PMS test capabilities and
design features.

Ths APS00 reactor trip switchgear has four redundant safety divisions with each division
containing two circuit breakers of the reactor trip switchgear (eight breakers total) As
#lustrated 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).




TABLE 1 {Continued)
OPERATING EXPERIENCE REVIEW FOR THE AP600

issues Addressed By NUREG 0711 Appendix B

tssue Reference

Human Factors Aspect/Human Performance issus

Human Factors/Human Performance issue Addressed by APS0C Design

969104-Q jdm MgeZE\ W
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This issue raises several concams, including I8C faults that
could blind or partialty blind the operators to the status of
the plant.

The design of the operator displays is based on an analysis which identifies the
appropriate display variables for monitoring conditions in the reactor coolant system
{RCS). the secondary heal remova! system, the containment, and the systems used for
aftaining a safe shutdown condition  This analysis also establishes the appropriate
design basis and qualification criteria for the instrumentation which provides the input to
the operator displays (Reference SSAR Section 7 5). In addition 10 these displays, the
DAS provides separate and diverse indications which can be used by the operator.

Rater to the responses of items 59, and 113 through 118 for design features of the
APE00 dc Power Systems.

flemB.1 (11)

GI-96, Residual
heat removai
(RHR) suction
valve testing

The design of the RHR suction valves with respect 1o valve
position indication and instrumentation 10 detect potential
Inakage from high-to-low pressure areas is important 1o the
prevention of interfacing system loss-of-coolant accidents
(ISLOCAs). This is important 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 include this issue as part of the OER (Reference 8)

v-L

ftem B.1 (12)

GI-101, Break plus

This issue attempts 1o ensure that robust information is
avalilable 1o the operators for both reactor water level and
for plant status during the progression of an accident

Based upon a conference call of 6/19/95 with the NRC Human Factors Branch, it was
agreed not to include this issue as pan of the OER (Reference 8)

tem B 1 (13)

This issue relates 1o pressure isolation valves for BWRs

NOT APPLITABLE: This issue relating to pressure isolation valves is only applicable to i
BWR reactors

ftem B 1 (14)

Failures and incapacitation of ESF equipment have
occurred because of the lailure or intentional bypass of
protective devices. Both the design of these protective
devices and the appropriate indication to CR operators are
important

The ESF design is based on the use of four separate safety divisions for the sense and
command function, and two or more divisions for the execute function The system is
aesigned to accommodate a single tailure of a process signal input by altering the sense
and command logic from a two-out-of four voting logic 1o a two-out-of-three voting logic.
Additional failures can be accommodated by altering the logic from a two-out-of-three to
a one-out-of-two.  Any attempt to accommodate addition faillures by an intentional
bypass results in actuation of the protective furiction. Alarms and displays are provided
s0 that the configuration of the ESF can be determined by the operator at any time

em 8.1 (15

GI-118, Accident

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

Based upon a conference call of 6/19/95 with the NRC Human Factors Branch, it was
agread not to include this issue as part of the OER (Referance 8).

9661 18GO100
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ftem B 1 (16)

GI-117, Aliowable
equipment nutage
timas for diverse,
simuitanecus
equipment outages

A key aspect of this item is providing operators with
needed assistance in identifying risk-signiticant
combinations of equipment cutages The information
needed would include valve alignments, switch settings, as
weil as components declared inoperable.

For the APB00, the Wall Panel Information System (WPIS) wiil display for each plant
operating mode or significant plan! operating state, a mimic display that will provide a
physical overview of the status of the plant’s significant systems and key components
The wall panel mimic dispiay will inciude the display of high-level denved quarntities, e g,
those that depend on a particular logic algorithm.  An example of a derived quantity is
the availability of safety systems The WPIS will prowde information to the MCR
persornel summarizing those components and systems that are inoperable. The APS00
Wail Panel overview alarm displays, along with the Visuai Display Unit (VDU) displays,
will automatically present indication of bypassed or deliberately induced inoperable
satety equipment. This will inciude the bypassing or delibarately induced inoperability of
any auxiliary or supporting system that effectively bypasses or renders inoperable the
protection system and the systems actuated or controlied bv the protection system.

The QDPS wilt contain physical displays for the representation of the performance of
systems and components associated with the control of safety-related functions. These
physical displays will contain encugh data so that the operator can monitor the operation
of the plant hardware The type of information to be put on these displays will be
derived through a function-based task analysis process (FBTA) Indicatively, the type of
information to be shown on the physical displays could be of the foliowing types: 1) flow
path alignments; 2} valve positions; 3) pump states; 4) tank levels and capactties,

5) heat exchangers heal balance, 6) availability status of the support systems (electricity,
cooling, etc...); 7) system or component interfocks; 8) system or component operating
rules; 8) imponant data with interfacing systems.

tem B 1 {17)

The designs for on-line testability should include
appropnate human factors to ensure safe testing.

The on-line testing of the protection systems is accomplished by a series of tests with
sufficient overiap to test all necessary functions Most of the testing is perfformed
automatically once initiated by the cperator A description of the system reliability and
fault tolerance during operations, maintanance, test and bypass, and a description of the
buiit-in test capabiiities are provided in SSAR subsections 712 10 and 71212

ftem B.1 (18)

GI-125.1.3, Safety
parameter display
system avakability

This issue addresses Satety Parameter Display System
{SPDS) avallabiiity and the ~sliability of the information it
aisplays.

Basad upon a conferunce cali of 6/19/95 with the NRC Human Factors Branch, it was
agreed not 1o Inciude this issue as part of the OER (Reference 8)

ftem B.1 {(19)

GI-128, Electrical
power reliability

This issua includes power 10 vital instrument buses, direct
current (dc) power supplies, and electrical interlocks. Al of
these issues are strongly dependent on proper indication

and operatcr action for high reliability.

Generic Issue 128 was created by combining Issues 48, 49, and A-30. Resolution of
Issue A-30 is contained in Generic Letter 91.06. The AP600 response 1o Generic Letter
91.06 is contained in ltem 58 below  The resolutions of issues 48 and 49 are contained
in Generic Letter 91-11. The APS00 response 1o Generic Lefter 91-11 is contained in
Item 61 below. The APB00 response to Generic Issue 128 is stimmarnized in SSAR
subsection 1942 item 128

9661 180100
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GI-130, Essential

failures at multi-
piant sites

This issue re.ates to the arrangement of SWS pumps and
piping, Including cross-ties at multi-unit sites  Both the
arrangement and the operators’ ability 1o monitor the status
of cross-ties are important.  This item mentions potential
applicability to single-unit sites also.

The APS00 is a single-unit design.  two AP600s are placed on the same site, they will
not share an SWS. The APS00 SWS is a nonsalety-related system. Cross-ties are
internal to the SWS from one train to another. Proper cross-tie alignment can be
determined by monitoring the Component Cooling Water System (CCS) heat exchanger
(HX) temperature rise If the rise is excessive, an alarm will be sent to the MCR
indicating possible cross-tie misalignment.

There is a blowdewn path from the SWS to the CWS that is normally open. Closing this
path has no effect on the SWS pumps.
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Item B.1 (21)

HF11

This Issue is similar to tem | A 1 4 in Section B 2 (item 48
of this table)

Staffing levels are the responsibility of the COL applicant as stated in SSAR
Section 16 6

968101-q1 Jdm Mse2E W

ftem B 1 (22)

HF4 4, Guidelines
for upgrading other
procedures

This issue addresses normal and abnormal procedures in
the same manner as emergency procedures

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

ftem B.1 {23)

HF4.5 M-MIS
automation and
antificial intelligence

See HF5 .2 below

Based upon a conference call of 6/19/95 with the NRC Human Factors Branch, it was
agreed not 1o include this issue as part of the OER (Reference 8).

item B.1 (24)

HF5 1, Local
control stations
{LCSs)

This issue addresses the M-MIS of local contro! stations
and auxifiary oparator interfaces

The LCSs are included in the HFE/M-MIS design process. Among the human factors
criteria that are applied across the APS0C 18C and M-MIS design is the criteria that each

mm;z)mmwecmmmdmwm.

Also, refer to the responses of items 161 through 169

91

ftem B.1 (25)

HF5.2, Review
criteria for human
factors aspects of
advanced I1&C

This concem is a combination of HF4 5, the original HF5.2
on annunciators, HF5.3, and HF5 4

Refer to SSAR Secticn 18 4 and WCAP-14644 for the methodology anJ results of the
functional requirements analysis and function aliocation conducted for APS00. As part of
the existing Element 7 process, as described in SSAR Secticn 18 8, an HFE design
guideline document will be created for each of the APB00 HSIs.

ftem B.1 {26)

HF53, M-MIS
evaluation of
opsrational alas

This issue involves guidance on M-MIS for new display and
control technotogles

This issue is addressed by completing Element 7 (HS! Design) of the APSDD HFE/MS!
design process. As part of the Element 7 process as described in SSAR Section 18.8,
an HFE design guideline documant will * 2 created for sach of the APS800 HSIs,

tem B.1 (27)

HF5.4 M-MIS
computers and
computer displays

This issue is addressed by completing Eiement 3 (Functional Requirements Analysis and
Function Allocation) and Element 7 (HSI Design) of the AP600 HFE/MS! design process.
Refer 1o SSAR Section 18 4 and WCAP-14844 for the methodology and results of the
functional requirements analysis end function allocation conducted for APS00. As part of
the existing Element 7 process as described in SSAR Section 18 8, an HFE design
guideline document will be created for each of the APS00 HSis.

em B.2 (1)

The design should consider CR alarm and indication of the
inftiation: leveis and 'aw-level restart values

NOT APPLICABLE: This issue is only applicable to BWR plants.

9661 18Q000
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tapue Reference

Human Factors AspectHuman Performance Issue

Human Factors/Human Performance issue Addressed by AP600 Design

Item B .2 (2)

The design should consider CR alarm and indication of
SRV status and important parameters.

Status indication of the pressurizer SRVs a4 " steam generator (SG) SRVs are
provided in the MCR.  The position status of these SRVs is included in the list of
vanables and instrumentation naeded to allow the operator 10 monitor and maintain the
safety of the APS00 throughout operating conditions that include accident and post-
accident conditions. SSAR Section 7 5 provides this fist of variables and
nstrumentation.

The pressurizer SRVs and the SG SRVs will have a full set of abnormality alarms and
status messages in the MCR. The abnormaiity alarms will appear in the overview of
alarms as integrated into the WPIS. For example, alarms aierting 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 intagrated into the WPIS. Status
messages for the expected behavior of these SRVs will exist on the aiarm support
screens available at the operator's workstation. For example, stalus messages
informing tha operator that the valve is OPEN when it should be OPEN or CLOSED
when it should be CLOSED wiil exist and be available on the alarm suppon screens
available at the operator's workstation

The APB00 Alarm System is designed following the HSI design process dasciibed in
SSAR Secticn 18.8 as part of the AP600 HFE program.

tem B 2 (3)

1vil, Automalic

depressurization
system (ADS} study

Determination of the optimum ADS for alimination 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 manual backup it
required.

The APS00C ADS has been designed o provide a controlied depressurization of the RCS
foltowing smali LOCAs. it is automatically actuated on & low core makeup tank (CMT)
level, which is indicative of 2 significant loss of reactor coolant from the primary system.
The ADS functions to depressurize the primary system 1o enable gravity-driven safety
injection. The AP600 passive safety 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 AP600 ERGs. The timing of the accident
sequencas is such that, for smali LOCAs, first stage ADS actuation does not occur for at
least 20 minutes after actuation of the CMTs. This provides the operators sufficlent time
to diagnose the event, to properly monitor the actuation of the ADS, and to perform
manuail backup it necessary, as prescribed in the ERGs

n

Item B 2 (4)

1vill, Automatic
restart of core
spray and low-
pressure coclant

This issue involves atlocation-of-function considerations in
terms of automatic restant of a system after manual
stoppage by the operators.  Considerations of whether
automatic restart should be available, how it shouild be
implemented, and what alarm and indications are needed
in the CR are required.

NOT APPLICABLE: This issue is only applicable to BWR plants
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OPERATING EXPERIENCE REVIEW FOR THE APS0C

issuos Addressed By NUREG 0711 Appendix B

issue Reterence

Human Factors AspectHuman Performance issue

Human Factors’Human Performance issue Addressed by APS00 Design

item B.2 (5)

Depressurization by
means other than
ADS

Consideration of depressurization will involve the provisions
of alarms and indication in the CR. Some methods may
also require operator actions that should be subject to the

tull design and implementation process.

Manual controlled depressurization of the primary system is empioyed to mitigate some
accident sequences. For instance, in the response 10 @ steam generator tube rupture
(SGTR), the ERGs and background documents (Reference 2) instruct the operator to
depressurize the primary system to equalize pressure 1o the secondary system, and
thereby stop tre release of primary cooiant to the secondary system. This can be
achieved by use of the pressurizer spray. If normal or auxiliary spray is not availabis,
then a first-stage ADS valve is used to reduce the RCS pressure.

Manual ADS is also used as a backup to automatic actuation of the ADS. In these
Instances, the operalor manually actuates ADS on either 1) low CMT water level
followed by the failure of the ADC vaives to open, 2) low hot-leg level as a result of
failure of the ADS and/or subsequent of operator failure o recognize the nead for ADS,
or 3) high cere exit temperatures indicative of & significart degradation in core cooling.
These associated parameters will be alarmed by the Alarm System. The ERGs contain
optimal recovery guidelines and function restoration guidelines. The ERG background
decuments contuin a description of the accident sequences where the use of altemate or
manual depressurnization is anticipated.

ftem B.2 (6)

1xii, Alternate
hydrogen controt

The evaluation of design alternatives for hydrogen control
systems should inctude the information needs of the
cperators 10 assess the conditions that would require
system initiation and the degree of automation of the
systems.

Hydrogen ignitors are provided io address the possibiiity of a beyond-design-basis event
which results in a rapid production of large amounis of hydrogen, such that the
containment hydrogen concentration would exceed *he capacity of the Passive
Autocatalytic Recombiners (PARs), thereby resuiting in the flammability mit being
exceeded. The ignitors are incorporatad in the design to address a low-probability
severe accident, and are not relfied upon to mitigate design basis events. The ignitors
are actuated manually by the operators, as a result of two conditions. 1) when the core
exit temperature reaches *200 F (alarm), or 2) on receipt of a8 hugh hydrogen
conceniration alarm as detected by the hydrogen monitors. There is no provision in the
design to actuate the ignitors automaticaity.

tem B2 (7)

2iv, Safety
System (SPDS)

The selection and display of iriportant safety paramaters
and their integration into the overall design of the CR is a

primary HFE issue.

The regulatory requirements for an SPDS will be met by integrating the requirements
into the esign requiraments for the AP0 M-MIS, specifically into the portions of the
syste  a produce the alarm messages (Alarm System), the Computerized Procedurs
System (CPS) for emergency procedures and the process displays (plant information
system). The integration of the SPDS into the APS00 M-MIS and a description of how
the APS00 M-MIS design satisfies the requirements/criteria of a SPDS is found in SSAR
1882
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Human Factors Aspect/Muman Performance Issue

Human Factors/Muman Performance issue Addressed by AP600 Design

lem B2 (8)

Providing operators with the capability to monitor the status
of autcmatic systemns is an important function of the CR
infermation display system and a crmponent important to
the maintenance of the operators’ situation awareness

The WPIS provides and maintains situation awareness by presenting plant information
on a large screen display and possessing design features 10 address the eiements of
situation awareness. (Refer to the response to item 66 of this table for more information
on how the AP600 HSi maintains operator situational awareness ) System and
equipment availabiiity and status information is presented by the wall panel displays
Also, the status of automalic control systems (nonsafety-reiated) and automatic
protection systems (reactor protection and ESF actuation systems) are provided by the
wall panel displays. The wall panel displays include monitoring of the current state of
automatic systems (control and protection}. For example, an RCS pressure control
functional display is included on the wall panel display. This functional display group
includes the current status and trend of RCS pressure.

Alarm system overviews are incorporated into the wall panel displays. These overviews
alert the operator 1o changes in plant state, including changes in the stalus of automatic
systems (control and protection). Examples. (1) Operators are alerted 1o the switch
from “auto® to “manual” of automatic control systems such ac the pressurizer pressure
control system, (2) operators are alerted to bypassed protection instrument channels.
and (3) operators are alerted to protection system degradation such as an out of service
CMT actuation vaive.

mmsmwnmnmmmmmwmm
displays that provide more detailed information about the change that has occurred
These workstation displays inctude atarm support displays, functional displays, physicai
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Issues Addressed By NUREG 0711 Appendix B

Human Factors AspectHuman Performance lssue

Human Facters/Human Performance issue Addressed by APS00 Design

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 implications.

SSAR subsection 5.4.12 discusses the APS00 high-point vents including the reactor
vessel [RV) head vent. The requirements for high-point vents are met for the APS00 by
the RV head vent valves and the ADS valves. The primary function of the RV head vent
is for use during piant fit and startup to property fili the RCS and vesse! head. Both RV
head vent valves and the ADS valves 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 postulated accident.

The first stage valves of the ADS are attached to the pressurizer and provide the
capabifity of removing noncondensible gases from the pressurizer steam space following
an accident. Gas accumulations are removed by remo’s manual operation of the first
stage ADS valves. The discharge of the ADS valves is directed to the in-containment
refueling water storage tank (IRWST) Subsection 54 6 and Section 6.3 of the SSAR
discuss the ADS valves and discharge system

The AP600 ERGs specified ir ERG AE-1, Step 17, states that the plant stalf be
consulted to determine if the vessel head should be vented Their decision wouid be
based on the specific accident sequence and available systems Operation of the ADS
typically obviates the need for venting of the head to preserve natural circutation cooling.

Although not required to provide salety-related core cooling following a postutated
accident, tha RV head vent valves can remove noncendensible gases or steam from the
RV head to mitigaie a possible condition of inadequate core cooling or impaired natural
circulation through the SGs resulting from the accumuiation of noncondensible gases in
the RCS. The design of the RV head vent system Is in accordance with the
requirements of 10 CFR 50 34 (1){(2)(vi).

The RV head vent valves could aiso be used during a severe accident (bayond-design-
basis) scenarios where muitiple failures in the safety-related systems result in fuel
damage and the generation of noncondensible gases that coflect in the vesse! head
Combinations of muitiple failures in the safety-related systems could make venting the
head to alleviate the buildup of noncondensible gases desirable.
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tem B 2 (10)

The alarming and indication of SRV status shouid be clear
and unambiguous and should be evaluated for HFE design
implications.

Status indication of the pressurizer SRVs and the SG SRVs are provided in the MCR
The vaive position indication for these SRVs is accomplished through “direct”
measurement of stem position. The position status of these SRVs is included in the list
of variables and instrumentation needed to allow the operator to monitor and maintain
the safety of the APS00 throughout operating conditions that include accident and
post-accident conditionrs. SSAR Section 7 5 provides this list of variables and
instrumentation.

The pressurizer SRVs and the SG SRVs will have a fuil set of abnormality alarms and
status messages in the MCR. The abnormality alarms will appear in the overview of
alarms as integrated into the WPIS  For example, alarms alerting the operator thal the
valve is OPEN when it should be CLOSED, 0. 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 behavior of these SRVs 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 avaitable on the alarm support screens
availabte at the operator's workstation.

The APB00 alarm system is designed following the HS| design process described in
SSAR Section 18.8 as pan of the APE00 HFE program

Hem B2 (11) 2xi, Auxiliary The HFE aspects of providing indication and initiative for NOT APPLICABLE: The APS00 does not have an AFW system. The APS00 Passive
feedwater (AFW) AFW should ve evaluated 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 (PXS) which
initiation includes the PRHR system. The indications neaded to monitor the proper operation of

the PRHRA system are identifiad and verified through the FBTA process as described in
SSAR Section 18 5

ftem B2 (12) 2xvi, Number of As part of the specification, aliowable actuation cycles and | THIS ISSUE INPUT INTO THE DESIGN ISSUES TRACKING SYSTEM.
actuation cycles tor | the method by which cycles will be defined, recorded, and
the emergency tracked by the operating crew, should be evaluated for HFE
core cooling system | design implications.
and reactor
protection system

tem B 2 (13) 2xvil, CR The selection and display of important parameters and their | The WPIS provides dynamic displays and mimics that present information to onent the
instrumentation for | integration into the overall design of the CR is a primary MCR operators and those entering the CR (operator shift tumover, technical staff, plar
varous parameters | HFE issue management, etc) to the current 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 plant parameters so
that the reactor operator or a person entering the MCR can establish the plant operating
status,
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ftem issue Reference tssue/Scope Human Factors Aspect/Human Performance Issue Human Factors’Human Performance issue Addressed by AP600 Design
41 |item B.2 (14) 2ndil, CR The seiection and display of important parameters and their | The regulatory requirements for an SPDS wilt be met by “integrating” the requirements I
instrumentation for | integration into the overall design of the CR is a primary into the design requirements for the APS00 M-MiIS, specifically into the portions of e
inadequate core HFE issue system that produce the alarm messages (Alanm System), the CPS for emergency
cooling procedures, and the process VDU displays (Plant Information System). Refer to SSAR
subsection 18.8.2 for a description of the SPDS
Following a reactor irip the CPS provides automatic monitoring of the critical safety
functions (CSFs), alerts the operator to a degraded function, and suggests the
appropnate function restoration guideline. Core cooling is one of the CSFs
Also, refer to SSAR subsection 193
42 lhem B2 (15) 2xix, The selection and display of important parameters and their The selection and display of the parameters which perform the post-accident monitoring
Instrumentation for | integration into the overall design of the CR is a primary function is part of the design process, analysis, and results presented in SSAR
post accident HFE issue Section 7.5 An analysis is conducted to identily the approoriate variables and to
monitoring establish the appropriate design basis and qualification criteria for instrumentation
employed by the operator for monitoring conditions in the RCS, the secondary heat
removal system, the containment, and the systems used for attaining a safe shutdown
condition. Three categones of design and qualification criteria are used {SSAR
subsection 75.2) Category 1 instrumentation has the highest parformance
requirements and is used for information that can not be los! under any circumstances
The QDPS is-the HSI that provides the Class 1E displays 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 resuft from the
completion of the HS! Design process (Element 7). The HSI design process is
described under SSAR Section 188
43 |hem B2 (18) 2xxi, Auxiliary heat | The specification and evaluation of manual and automatic SSAR Section 18 4 and WCAP-14644 document the APS00 functional requirements
removal systems actions should be subject to the function aliocation analysis and function aliocation, including the function aliocation decisions
design to facilitate | analyses performed as part of the design and {manual/automatic) made for auxiliary heat removal systems such as the CCS and the
manual/automatic | implementation process. SWS. Table 2 of WCAP-14644 includes the identification of when an auxiliary heat
actions removal system is used to support a CSF. Table 4 includes an explanation of the
functional altocation for each auxiliary heat removal system.
44 tem B2 (17) 2xxiv, Recording of | The selection and disptay of important parameters and their The requirements for RV-level indication are provided by redundant, safety-related
RV level integration into the overall design of the CR is a primary RV-leve! instrumentation  As shown in SSAR Figure 5 1-5, these instrument channels

(LT-!GO.ndLT-ﬂO)mewmmbmmdomm.nd
one level tap that connects 1o the top of the hotdeg bend that connects 1o the SG. This
instrumentation is used to provide RV water level during an accident, and is also used 1o
provide hot-leg level during shutdown operations including mid-loop.  This
instrumentation provides indication of RV water level for a range spanning from the
bottom of the hot leg to approximately the elevation of the mating surface. This
instrumentation is temperature compensated and provides accurate 'evel measurament
during all modes of operation. Refer to SSAR subsection 193
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45 [tem B2 (18) 2xxv, Technical The design of the TSC, ORC, and EOF should include HFE | The design of the TSC, remote shutdown facility, and the OSC are govemed by the
support center considerations to ensure that the personnr«! located in same HFE design program as the MCR design Chapter 18 of the SSAR describes the
{TSC), operational | these facilities can moest effectively perorm their salety- APB00 HFE program SSAR subsaction 18 8 3 addresses the TSC, remote shutdown
support center related functions. Poor HFE design of these facilities may | facility, and the OSC. The HFE program is designed around the 10 elements of the
(OSC), and interfera with the performance of operators in a well- HFE Program Review model presented in NUREG 0711
energency offsite | designed CR.
facility (EOF) The COL applicant shall address the design of the EOF as stated in SSAR
subsection 1826
46 |[hem B2 (19) 2xxvil, Monitoring of | The selection and display of important parameters and their | The radiation monitoring system (RMS) provides plant effluent monitoring, process fluid
inplant and Integration into the overall design of the CR is a primary monitoring, aithome monitoring, and continuous indication of the radiation environment
aibome radiation | HFE issue. in plant areas where such information is needed The design bases of the RMS
includes providing long-term, post-accident monitoring (using both satety-related and
nonsafety-related monitors) and providing equipment to meet the applicable regulatory
requirements for both nommal operation and transient events.  Refer 1o SSAR
Section 11.5 for a description of the RMS.
Radiation monitoring data, including alarm status, are integrated into the MCR
workstation displays and, where appropriate, into the WPIS displays  The output of the
HFE task analysis activities is used as an input to the design of the workstation and wall
panel displays  Fefer to SSAR Section 18 5 for a description of the task analysis
activities.
47 |hem B2 (20) 2xxvill, CR While potential pathways for radicactivity to affect CR The nuclear istand nonradioactive ventilation system (VBS) is a nonsalsty-related system
habitability habitability may be identified and design solutions 1o which supplies the MCR. It includes radiation monitors in the supply ducts, with alarms
preciude such problems may be developed, the CR 1o indicate high ;adiation levels in the pathway If the radiation level is above the Hi-Hi
operating crew should ba aware of potential pathways setpoint, the normal heating, ventitation and air-conditioning (HVAC) system is
The integrity of the design solutions and the presence of automaticaily stopped and the CR is then isolated The safety-reiated emergency
radiation in the pathways should be considered i habitabilit, system (VES) is inittated on the same signal, and it provides air for
evaluations of monitoring methods in the CR are warranted. | respiration of the CR occupants and pressurization of the CR pressure boundary The
alr is not delivered through the isotated HVAC duct, but is defivered through dedicated,
separate 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
respect to surrounding rooms.  The system incorporates redundant pressure
instrumentation with alarms to provide indication that this function is met
48 |hem B2 (21) LA 14 Longterm | This issue concerns shift staffing with licensed operators Staffing levels are the responsibility of the COL applicant as stated in SSAR
upgrading of and working hours of licensed operators. Updates to Section 188 SSAR Section 16.1, subsection 5 2.2 d also addresses MCR staffing and
operating personne! | 10 CFR 50 54 ware approved limits on working hours
and staffing
49 [hem B2 (22) 1A 4.2, Simulator This issue involves the improvement o. the use of Training program development is the responsibility of the COL applicant as documented
capabiiities simutators in the training of operators. in SSAR Sections 132 and 18 10
50 |[%em B2 (23) 1.C.1, Guidance for | This issue addresses normal, transient, and accident The development of plant procedures are the responsibllity of the COL appicant as
the evaluation and | conditions to ensura that procedures are technically correct, | documented in SSAR Section 135 The APS00 ERGs have been developed and
development of explict, and easily understood. provide the iechnical basts for the development of the emergency operating procedures

(EOPs). Refer to SSAR Section 18 9 for more information on “Procedure Development *
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OPERATING EXPERIENCE REVIEW FOR THE AP600

issues Addressed By NUREG 0711 Appendix B

issue Reference

issue/Scope

Human Factors Aspect/Human Performance Issue

Human Factors/Human Performance lssue Addressed by AP600 Design

item B 2 (24)

1.C 9, Long-term
program for
upgrading
procedures

This issue includes EOPs with particuler emphasis on
diagnostic aids for of-normal conditions

The development of plant procedures is the responsibility of the COL applicant as
documented in SSAR Section 13.5.

ftem 8.2 (25)

1 D.1, CR design
reviews

This issue addresses general CR design issues

This issue is addressed by SSAR Section 18 2 (HFE Program Managemant), the HSI
design implementation plan (SSAR Section 18.8) and the HFE Verification and
Validation (SSAR Section 18 11). Design reviews are used as part of the Element 7
{(HSI Design) process as described in Sections 18 2 and 18 8 of the SSAR.

ftem B 2 (26)

This issue addresses the need for the provision of an
SPDS that displays a8 minimum set of parameters that
define the safety status of the plant.

The regulatory requirements for an SPDS will be met by integrating the requirements
into the design requirements for the APE0C M-MIS, specifically into the portions of the
system that produce the alarm messages (Alarm System), the CPS for emergency
procedures and the process VDU displays (Plant information System). The integration
of the SPDS into the AP600 M-MIS anu = description of how the APS00 M-MIS design
satisfies the requirements/criteria of a SPDS 's found in SSAR 1882,

tem B 2 (27)

This issue addresses the need for guidance on the design
of CRs to incorporate human factors considerations.

This issue is addressed by deveiopment and implementation of an integrated HFE
Design Process that conforms to NUREG-0711. Refer to Chapter 18 of the APS00
SSAR for a description of the APS00 HFE program.
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TABLE 1 (Continued)

OPERATING EXPERIE>'L" PEVIEW FOR THE APS00

lssues Addressed B MUAEG 0711 Appendix B

tssue Reference

Human Factors AspectHumar: Pe-ormance lssue

Human Factors/Human Performance lssue Addressed by APS00 Design

55

ftem B.2 {28)

This issue involves the MMI in the CR with regard to the
use ol lights, alarms, and annunciators to reduce the
potential for operator error, information overloac  unwanted
distractions, and insufficient organization of informeation

The function of the APS00 Alarm System is to support the MCR operators with the
following activities of human decision-making (adopted from Rasmussen’'s mode! of
human decision-making):

1) The ALERT activily, i e, alert the operator to oft-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, i e . aid the user in
understanding the abnomal 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 abnormality and its
resolution can be found

The APS00 Alarm System addresses the probiem of alarm avaianching and operator
data overioad by managing the presentation of the aiarms fo the operators in such a
manner as to reduce the number of alarms presented simuitaneousty during major
disturbances, while maintaining sensitivity during small disturbances.  The Alarm System
is robust enough to a) show multiple major process problems. b) not be overwhelmed
by minor alarms that are related 1o, or are consequence of, the process problems
(avalanching): and c) elevate minor atarms to a piace of attention-provoking significance,
when they are the most significant process abnommalities. 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 informational display
system of the CR that contains specific data related to eliminating, diagnosing, and
mitigating the process abnormaiity The Alarm System aiso provides a link from a given
alarm to #ts applicable computerized alarm response procedure

Item B 2 (29)

NFtand NF2
Same as item B 2
13 and 14 above

These issues address detailed CR design issues related to
instrumentation (i F 1, “"Additional accident monitoring
instrumentation,” and I{ F 2, “Instrumentation for detection

of inadequate core cocling”).

This is addressed by the response to items 40, 41, and 44
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TABLE 1 (Continued)
OPERATING EXPERIENCE REVIEW FOR THE APS00

lssues Addressed By NUREG 0711 Appendix 8

Issue Reference

Human Factors AspectHuman Performance Issue

Human Factors/Human Performance Issue Addressed by AP600 Design

ltem B 2 (30)

This issue addresses direct indication of relief and salety
valve position in the CR so that the alarming and indication
valve status is clear and unambiguous and should be
evaluated for HFE design considerations

Status indication of the pressurizer SRVs and the SG SRVs are provided in the MCR
The position status of these SRVs is included in the list of vanables and instrumentation
needed to allow the cperator 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 list of variables and insttumentation

The pressurizer SRVs and the SG SRVs will have a full set of atnormality alarms and
status messages in the MCR  The abnormality alanms will appear in the wverview of
alarms as integrated into the WPIS. For exampie, alarms alerting the operator that the
valve is OPEN when it should be CLOSED, or CLOSED when it should be OPEN wilt
exis! and will appear in the alarm overview as integrated into the WPIS  Status
messages for the expected behavior of these SRVs will exist on the alarm support
screens available at the operator's workstation For exampie, status messages
informing the operator that the vaive is OPEN when it should be OPEN, or CLOSED
when it should be CLOSED will exist and be available cn the alarm support screens
avatiable at the operator's workstation.

The APB00 Aiarm System is designed following the HS! design process described in
SSAR Section 18 8 as part of the APS0C HFE program.

ftam B 2 (31)

This issue addresses procedures for ensuring that the
operability status of salety-related systems is known.

The development of plant procedures is the responsibility of the COL applicant as
documented in SSAR Section 135

displays, present indications of bypassed or defiberately-induced inoperable safety
egquipment  This includes the bypassed or defiberately induced inoperability of any
auxiliary or supporting system that effectively bypasses o« renders inoperable the
protection system and the systems actuated or controfied by the protection system

The WPIS mimic displays include the display of high-level derived quantities, e g . those
that depend on a particular logic aigorithm. An exampie of a high-level derived quantity
is the avatlability of a salety system or function.
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OPERATING EXPERIENCE REVIEW FOR THE APS00

tssues Addressed By NUREG G711 Appendix B

tssue Refersnce

Human Factors Aspect/Mumen Performance Issue

Human Factors/Human Performance issue Addressed by APS00 Design

ftem B3 (1)

in this genaric letter, the NRC proposes certain monioring,
surveillance, and maintenance provisions for salety-retated
dc systems.

The foltowing responses are provided to the questions raised in the attachment lo
Generic Letter 91-06. The responses are numbersd {» match the gquestion numbers in
Genaric Letter 91-08.  SSAR subsection 8.3 2 1 1 describes the features of the Class 1E
dc and UPS system

1. Unit -- APS0O

2 a. The number of independent redundant divisions ol Class 1E dc power for this plant
is 4

The number of functional salety-related divisions of dc power necessary to atiain
sale shutdown for this unit is 3.

The following alarms are provided for each division of dc power:

1. Battery test/disconnect switch status and battery open circuit alarm (open
circuit aiarm provided by the battery monftor system)

Battery charger disconnect switch status and battery charger output breaker
status

dc systen ground detection alarm
dc bus undervoltage

Battery overfunder voltage (provided by the battery monitor system) and
battery charger outpul ovarfunder voitage

6. Bafttery charger ac input power failure and battery charger trouble alarm
7 Batery discharge rate alarm
. The following indications are provided for each division of dc power:

1-3. Battery current -- used for floal, charge, and discharge
4. dc bus voltage

¢. Procedures for response fo these alarms and indications ara a COL applicant issue
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Issues Addressed By NUREG 0711 Appendix B

issue Reference

Human Factors Aspect/Muman Performance lesue

Humen Factors™uman Performance issue Addressed by APS00 Design

item B.3 (4)

Unrecognized Loss of CR Annunciators

The APS0OC Alarm System informs the MCR crew about those failures, within the
equipment comprising the system, that could degrade 1o the point where sither system
performance is reduced or system availability is threatened The APG00 Alarm System
design phitosophy is such that the system’s preferred failure mode is through a

succession of “gracelully degrading” states of operation rather than a “sudden death *
The alarm overview displays, intagrated into the WPIS displays, include a display of
alarm messages that describe faslures or degradation of equipment that comprise the
Alarm System. Since the alarm overview displays are integrated into the WPIS, a
dynamic indication that the WPIS is running is used 1o illustrate to the CR operators that
the system is not “hung” in a frozen conditior:.

ftem B 3 (5)

Impiications of Engineering Expertise on Shift

As stated in SSAR Section 18 6, COL appiicants wili address the stafing levels and
quatfications of all plant personnel.

ftem B 4

CR staffing ievels had impaired crews in performing their
emergency lunctions CR personnel were overburdened
during emergencies. Based upon a review of NUREG-
1275, WCAP-14114 (Section 6 2) discusses cases whare
operators failled 1o take a required action due 1o a mental
lapse because of a high workload situation.

Workdoad analysis is part of the task analysis (Element 4) to be performed as part of the
APB00 HFE design process. The workioad analysis provides an indication of the
adequacy of CR stafting assumptions. In cases where the analysis indicates high
operator worklead values or insufficient time avattable for performance, we will svaluate
alternative CR statfing assumptions or changes to the M-MIS design or task allocation to
reduce operator workload. Refer to SSAR Section 185 for a description of the task
analysis implementation plan which includes workioad analysis  As stated in SSAR
Section 18 6. staffing levels are the responsibility of the COL applicant.

ftem B 4

Shift Technical
Adwisor (STA)

The use of the “dual-role” STA-impaired crew performance
because the other SROs were overloaded when one SRC
assumed the STA role. Assignment of other tasks during
avents detracted from the STAs safety function

Workload analysis is part of the task anaiysis (Element 4) to be parformed as pan of the
APS00 HFE design process. The workload analysis provides an indication of the
adequacy of CR staffing assumptions In >ases where the analysis indicates high
operator workioad vatses or insufficient ime available for performance, we will evaluate
alternative CR staffing assumptions or changes to the M-MIS design or task aliocation to
reduce operator workload. Refer to SSAR Section 18 5 for a description of task analysis
implementation plan which includes workioad analysis. As stated in SSAR Section 18 8,
staffing levels are the responsibility of the COL appFcant
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OPERATING EXPERIENCE REVIEW FOR THE APS00

issues Addressed By NUREG 0711 Appendix B

Issue Reference

Human Factors AspectVHuman Performance issue

Human Factors/Muman Performance Issue Addressed by AP§00 Design

69

ftem B 4

hnowledge-Based
During Events

Gperators experienced difficulty in applying knowledge 1o
unusual plant conditions, which resulted in delays in
recognizing and responding to events Based upon a
review of NUREG-1275, WCAP-14114 (Section 4 2)
discusses cases where operalors had to balance multiple
goais in determining a course of action.  Situations arise
where operators need to consider and balance multipie
goals

The development of plant procedures are the respornsibility of the COL applicant as
documented in SSAR Section 13.5.

Completion of Element 7 (HSI Design) of the HFE Program Review Model (NUREG-
0711) and the APS00 HFE Design Process heips address this issue. A fundamental
tenet of the AP600 HFE/M-MIS design process is that, in addition (o ensuring that the
M-MIS supports the task of process equipment control and operation, the interface
design basis includes considsration 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
improper decision-making) can be reduced if the set of tasks that the M-MIS is designed
to support includes those cognitive activities experienced while operating the plant. To
accomplish this design basis, an input to the task analysis activities is an operator
decision-making model. This model is utilized in the M-MIS design process to provide a
structure for and to help determine the cognitive needs of the plant operations
personnel. The modei is used to define the set of questions that are used in the
cognitive task analysis part of the FBTA. The definition of I&C requirements that results
from answering this set of questions supports operator performance at all three levels in
Rasmussen's decision-making modet (i e, skill-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 an MMI that supports the kind of knowledge-based reasoning that is
required to handle unanticipated events. The FBTA is based on a fundamental analysis
of plant goals and functions and is affective in designing M-MISs to support operator
performance in preanalyzed situations (executing a procedure) and unanticipated
situations

tem 84

Procedures -
Knowledge-Based

During Events

Operators experienced difficuity in applying knowiedge to
unusual plant conditions, which resulted in delays in
racognizing and responding to events. Based upon a
review of NUREG-1275, WCAP-14114 (Section 5.0)
discusses cases where operator actions refiected gaps in
knowledge (implying a need for improved training).

Training program development is the responsibility of the COL applicant as stated in
Section 13.2 of the APS00 SSAR.
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OPERATING EXPERIENCE REVIEW FOR THE AP60D

Issues Addressed By NUREG 0711 Appendix B

issue Reference

Issue/ icope

Human Factors Aspect/Human Performance lssue

Human Factors/Hfuman Performance lssue Addressed by AP600 Design

7

item B 4

Preconiitions from past experience, training or

mans gement direction strongly affectea how operators

e sognized and responded to events and had led some
operators to disbeileve valid indications or take
nappropriate actions. Based upon a review of NUREG-
1275, WCAP-14114 (Section 4 4) discusses cases where
the detay in perorming EOP E-0 may negatively impact
recovery ability  The inherent fixed linearity of paper-based
proceduras means that in some cases operators are placed
in situations where they have o go through procedural
steys that are obviously not relevant 1o the situation, and
as a consaquence delay reaching procedural steps that are
important to perform in an expeditious manner. The
nherent fixad linearity of paper-based procedures has two
potential negative consequences. First, in some cases the
delays caused by the nead to lollow each proce-ure step
sequentially will result in conditions becoming more
degraded than if operators could reach the relevant
procedure steps more quickly Second, because operators
are able to assess the situation moere quickly than the
procedures allow, and in their experience they are
generally correct, the temptation to jump to what they
perceive 10 be the relevant steps for terminating the
incident is high. This is likely to be a contributing factor in
cases where operators were observed to “wing it" without
procedures.

The AP600 HSI'M-MIS includes a CPS that assists the plant operators in monitorng and
controiing the execution of plant procedures.  For a given procedure, the status of each
procedure step is dynamically determined and presented 1o the operator along with the
supporting plant informaticn  To alleviate the inherent fixed linearity of paper-based
procedures the CPS pertorms paratiel moniloring activities which are performed by the
operator in paper-based procedures. A paraliel monitoring activity is a plant condition,
state, or parameter that is monitored by the computer in parailel with the activity of
Quiding the operator through the respective procedure.  Types of parafiel information
monitored by the CPS are the status of CSFs, procedure notes and cautions, foldout
page items, initiated acticns (continuous action steps), and continuously monitored
parameters With the CPS dynamically determining the status of each procedure step
and performing paraliel monitoring activities, the delays caused by the inherent fixed
linearity of executing paper-based procedures are minimized or eliminated  Therefore,
the CPS allows the operator to reach the relevant steps for terminating the incident and
stabilizing the piant much quicker and minimizes the temptation to jump to relevant steps
or 10 "wing it* without procedures.

72

ltemB 4

Control of

Emergency Safety
Features

Operators inappropriately defeaied the automatic operation
of ESFs during valid system demands. Some licensess
have not provided sufficient guidance that limits bypassing
or disabling ESFs, allowed for by TS and emergency or
operating procedures. Based upon a review of NUREG-
1275, WCAP-14114 (Section 4 3) discusses cases where
operators bypassed safety leatures.

The AP600 ERGs (Relerence 2) provide specific termination criteria for the operator to
bypass or override ESF actuations. These are typicaily provided to terminate safety
system operation once an accident sequence has been diagnosed, and the plant has
been retumed to a stable, safe condition

73

Item B4

A lack of appropriately ranged, direct-reading, CR
instrumentation to monitor reactor pressure, temperature,
and level caused operators 1o have difficulty in recognizing
and responding to shutdown events, when operator actions
were required to accomplish the safety functions of
disabled, automatic safety systems. Based upon a review
of NUREG-1275, WCAP-14114 (Section 3 1) discusses
cases where there were misteading indicators (failed
SOeNSors)

The design of the APE00 has consigered shutdown modes extensively as documented
in the various licensing submittals: 1) passive safety systems that are designed to
mitigate accidents during shutdown modes (SSAR Section 6.3), 2) TS that apply to the
passive salety systems during shutdown modes {SSAR Chapter 16), 3) ERGs
(Reference 2) for shutdown modes, 4) quantification of the risk of core damage at
shutdown (AP600 shutdown PRA), 5) evaluation of design basis initiating events during
shutdown modes (APS00 Shutdown Evaluation Report - 6/96).  Instrumentation has
been designed to appropriately cover all modes of cperation including shutdown.
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lssues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Human Performance lssue

Human Factors/Human Performance issue Addressed by APS00 Design

During transients that result in a reactor Irip, a large
numbaer of annunciators are activated, their usehilness to
the operator is diminished as the number of low priority
annunciators increases.  Prioritization of annunciaturs could
improve the effectiveness of this system

The tunction of the APE0O0 Alarm System is 1o support the MCR aperators with the
following activities of human decision-making:

1) The ALERT activity, i @ , alert the opeator to ofi-normal conritions;

2) The OBSERVE WHAT IS ABNORMAL activity. L e . aid the user in focusing on the
important issue(s);

3) Help with the process STATE IDENTIFICATION activity, i € . aid the usar in
understanding the abnormal 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 abnormality and its
resoiution can be found.

The APB00 Alarm System addresses the problem of alarm avalanching and operator
data overioad by managing the presentation of the alamms o the operators in such a
manner as to reduce the number of alarms presented simultaneously during major

is robust enough to. a) show multiple major process problems; b) not ba overwheimed
by minor alarms that are reiated o, or are consequence of, the process problems
{avatanching). and c) eievate minor alanms to a place of altention-provoking significance,
messages whech are not currently displayed are accessible and available 1o the
operators, upon request

Part of the method used to manage the presentation of alarms to the operator is the
functional organization of the alarms. The overview alarms are organized by function,
such as RCS prossure control, temperature control, and inventory and SG water level
control - Within each lunction, 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-ralated alarms and process-related alarms for that function are
displayed This functiona! organization and prioritization of alarms provides an efficient
way of directing and tocusing the operaiors attention to the transient and its souwrce. The
overail importance to plant safety or the urgency of operator action is easily determinad
from this method of alarm presentation.

The Aiarm System aids in directing the operator to the area in the informational display
system of the CR thal contains specific data related 10 ofiminating, diagnosing, and
mitigating the process abnormality  The Alarm System aiso provides a link from a given
alarm 1o its applicable computerized alarm response procedure
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Crew response was affected by availability of
instruzentation, appropriateness of the instruments to the
task, and the relative location of the I8C Based upon a
review of NUREG-1275, WCAP- 14114 (Section 2 1)
discusses cases where the plant parameter indicators
required for monitoring or control were unavaiabie or

inadequate.

Compiletion of Element 4 of the HFE Program Review Model (NUREG-0711) and the
APS00 HFE design process includes an FBTA as part of the overall task analysis The
task anaiysis implementation plan is described in SSAR Section 185 For each Levsl 4
plant function shown on Figure 18 5 1 of the SSAR, an FBTA is perdormed. There are
four components to an FBTA  First, analysts is done 10 identify the complete set of
goals relevant to the function. Second, a funclional decomposition is done  This
dacomposition identifies all the various processes that have a significant effect on the
function. Third, a cognitive process analysis is done by applying the 11 questions
derived from Rasmussen's human decision-making modei approach The results of the
cognitive process analysis identify the indications, parameters, and controls at the
operator needs to make decisions about the respective functions Finally there is a
verification that the indications parameters and controls identified in the cognitive
aralysis are all included in the APG0C design.

in addition, as pan of the background documentation for the AP600Q EHGs, the 1&Cs
needed to sxecute each step within each of the guidelines (optimal recovery guidelines
and lunction restoration guidelines) is identitied  Verification that the needed I&Cs,
identified here, are all included in the AP600 design is part of the AP600 design
process.
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issues Addressed By NUREG 0711 Appendix B
Human Factors Aspect/Human Parformance Issue Human Factors/Muman Performance issue Addressed by APS00 Design
Integration of information During unplanned transients, the | The function of the APG00 Alarm System is 1o suppon the MCR operators with the
operators are presented with an overwhelming volume of following activities of human decision-making:
immediate information. A better display integration and
Increased automation may heip them through these 1)  The ALERT activity, | e . alert the operator 1o off-normal conditions;
evolutions

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, i e, aid the user in
understanding the abnormal conditions and provide corrective action guidance, as
tar as 1o 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 AP600 Atarm System addresses the problem of alarm avalanching and operator
data ovarioad by managing the presentation of the alarms to the operators in such a
manner as to reduce the number of alarms presented simultaneousty 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 overwhelmed
by minor alarms that are related to, or are consequence of, the process problems
(avalanching). and c) elevate minor alarms to a place of attention provoking significance,
when they aré the most significant process abnormalities However, those active alarm
messages which are not currently displayed are accessibie and available to the

operators, upon request

The Alarm System aids in directing the operator o the area in the informational display
system of the CR that contains specific data related to eliminating, dtagnosing, and
mitigating the process abnormality The Alarm System also provides 2 link from a given
atarm to its apphcable computerized atarm response prucedure

The AP60C M-MIS includes a CPS that assists the plant operators in monitcring and
controlling the execution of plant procedures.  For a given procedurs, the status of each
procedural sten is dynamically determined and presented to the opsrator aiong with the
supporting plant information.  To alleviate the inhereni fixed linearity of paper-based
procedures, the CPS performs parallel monitoring activities versus the operator in paper-
based procedures. A paraflel 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 procedure. Types of paralle! information monitored by the CPS
are the status of CSF, procedure notes and cautions, foldout page ftems, initiated
actions (continuous action steps) and continuousty monitored parameters  With the CPS
dynamically determining the status of each procedure step and performing paraliel
monitoring activities, the delays caused by the inherent fixed linearty of executing paper-
based procedures are minimized or eliminated The CPS provides direct links from
steps to the associated Plant Information System Displays (physical process, tunctional,
automatic monitoring logic or soft control displays).
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TABLE 1 (Continued)

issues Addressed By NUREG 0711 Appendix B

lssue Reference

Human Factors Aspect/Muman Performance lssue

Humen Factors/Human Fe(Jormance issue Addressed by APSOC Design

Subsection 2.1.2

MCR -- System

Change in Control Modes In transient situations, operators
often have to take manual control of many of the tasks that
were automatically controlied.  This change in control
modes by itseit Is a chalienge 10 the operators, and when
added in the middie of a significant ransient, with its
information integration problems is even more demanding

The inform~tion integration problems are addressed by the APE00 design as described
above in tem #77.

The APS00 1&C System design incorporates automatic functions not avallable in
previous plant designs  This is the result of efforts to minimize the operators manual
workload during normal plant transients (such as a startup) and during unanticipated
transients (such as a reactor trip).  The feedwater control system in the AP600 is one
example. The APS00 feedwater control system automatically controis SG water levels
from power levels low in the powe: range (0% to 2% power) to 100% power. In today's
plants, operators are required 1o controt feedwater flow and SG water leve! in manuai
unti! they have reached about 20% power.  Another example is the use of the APE00
Startup Feedwater System {SFS). Following a reactor Irip, the SFS fiow is automatically
controfied to maintain the desired SG levels. in today's plants, the operators must
manually control AFW flow to maintain desired SG levels

The cognitive task analysis portion of the FTBAs, answering a set of questions derived
from Rasmussen’'s human decision-making mode!, identifies the controls and indications
needed 1o achieve the respective function  This add.esses both manual and automatic
controls.  The output of the FBTAs is used as input o the design of sofi control displays
and plant information displays.

It an automatic control system’s input siynal validation algorthm switches the control
system from automatic to manual, the operator is aterted to this condition through the
alarm system. The computerized alarm resg onse procedure will provide the operator
prompt access to the associated soft control (soft automatic’/manual controller).

Subsaection 2 13

MCR -- System

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

Following a reactor trip, the AP600 CPS is activated and the operator is directed to the
computerized reactor trip response procedure. The CPS dynamicaily determines and
provides the status of each procedural step along with any necessary suppornting
information. In today's plants, the operatur musi not only memorize the immediate
action steps, but must also search the main control board for the indications and controls
o provide the capability of determining the status of the immediate actions

Subsection 2.1 4

MCR -- System

Processed Information Much information has to be
calcuiated by operators that couid be provided directiy with
current technology.  Computer-processed and validated
data and calculated values can be provided to the operator
in an intagrated fashion.

The APG00 M-MIS takes advantage of current computer technology and automatically
caiculates, then presents the needed information to the operators. In today’s plants, the
operator must manuaily calcutate the needed information. One exampile ol calculated
information provided by the APS00 Plant Information System. are trend displays. During
a plant heatup or cooldown, the APG00 Plant information System will provide heatup and
cooldown rate trend displays at the operator's workstation
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OPERATING EXPERIENCE REVIEW FOR THE APS00

Issues Addressed By NUREG 0711 Appendix B

Human Factors AspectMuman Performance Issus

Human Fsctors/Muman Performance issue Addressed by AP600 Design

Test and Maintenance Surveillance testing can create
problems such as number of tests, additional oparators
and potential for a plant trip.  The systems should be
designed 1o be tested periodically without creating
incidents

The APS00 inservice Test (IST) Plan (SSAR subsection 3.9 6] documents the
surveiliunce test requirements for the APG0D  In developing this plan, Westinghouse has
considered the difficulty of performing each surveillance test  In some instances, ISTs
that would be potentially problematic at-power are deferred to either cold shutdown or
refyeling conditions.  In other cases (such as the ADS valves) a special interlock has
bean developed o practude the possibility of the operators causing a plant transient due
to a misalignment of the ADS valves during testing. Other features which facilitate
nservice testing of the PXS are described in SSAR subsection 6 36 2

The online testing of the protection system is accomplished by a series of lests with
sufficiant overiap to test all necessary functions These tests are designed to be
accomplished without generating spurious alarms and inadvertent tnips and actuations
When a protection cabinet is being tested, it is placed into a bypassed siate or otherwise
removed from sarvice to prevent inadvenent actuations and potential for a plan! trip.
Most of the testing is performed automatically once initiated by the operator. A
description of the protection system reliability and fault tolerance duning operations,
maintenance, test and bypass and a description of the built-in tes! capabilities are
provided in SSAR subsections 7 12 10 and 7.1.2 12

Avalanche of Ailarms The single bigges! issue n the
design of advanced alarm systems is the need to reduce
the avalanche of alarms during plant upset

The tunction of the APG00 Alarm System is 1o support the MCR operators with the
following activities of human decision-making

1) ALERT activity, i e, alert the oparator to off-normal conditions;

2) OBSERVE WHAT IS ABNORMAL activity, | @ , ald the user in focusing on the
important issue(s).

3) Help with the process STATE IDENTIFICATION activity, i e, aid the user in
the abnommai conditions and provide cormrective action guidance, as
far as to guide the operating crew into that area of the complete Plant information
Dispiay System in which the data/information about the abnormatity and its
resolufion can be found

The APG00 Alarm Systern addresses the problem of alarm avalanching and operator
data overload by managing the presentation of the alarms to the operators in such a
manner as to reduce the number of alarms presented simultaneously dunng major
disturbances, while maintaining sensitivity ou'ng smail disturbances. The Alarm System
is robust enough to: a) show muitiple n ajor process problems. b} not be overwhaimed
by minor alarms that are related to, or a & a consequence of, the process problems
(avalanching), and c) elevate minor alarm. to . nlace of attention-provoking significance,
when they are the most significant process abnorm.ities. However, those aclive alarm
messages which are not currently displayed are accessible and avaiiabie 1o the
operators, upen request

The Atarm Systam aids in directing the operator 1o the area in he informational display
system of the CR that contains specific data related to eliminating, diagnosing, and
mitigating the process abnormality The Alarm System also provides a ink from a given

alarm to its applicable computerized alarm response procedure.
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issues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Human Performance lesue

Human Factors’Human Performance issue Addressed by APS00 Design

Prioritization of Alarms When an operator is presented with
an avalanche of alarms, a prioritization scheme should
present all the alarms to the operator but code them into
priorities such that the overail importance to plant safety or
the urgency of the operator action can be determined

The APS00 Alarm System addrasses the problem of alarm avalanching and operator
data overioad by managing the presentation of the alarms to the operators in such a
manner as to reduce the number of alarms presented simultaneousty during major
disturbances, while maintaining sensitivity during smal! disturbances The Alarm System
is robust enough to. a) show multiple major process problems; b) not be overwhelmed
by minor alarms that are related to, or are a consequence of, the process probiems
{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 no! currently displayed are accessible and available to the
operators, upen request.

Part of the method used to manage the presentation of alarms to the cperator is the
functional organization of the alarms  The overview alarms are organized by tunction,
such as RCS pressure control, RCS temperature control, RCS inventory, and SG water
level control.  Within each function, there are goal-related alarms and presess-ralated
alarms for the respactive function. The alarms within each function are prioritized such
that only the highest priority, goal-related alarms and process-related alarms for that
function are disptayed. This functional organization and prioritization of alarms provides
an efficient way of directing and focusing the operators attention to the transient and its
source The overall importance to plant salety or the urgency of operator action is easily
m@mmamm

Loss-of-Power to Annunciator Panels The loss of power to
these panels could result in the loss of the operators’ ability
to respond to plant upsets, particularly if the operators are
not aware of the loss.

Power to the alarm system is from a redundant power supply or UPS. The Alarm
System also includes a “heartheat” indication visible to the operator at all imes. The
“heartbeat” indication alerts the operator to degraded conditions of the Alarm System,
including a 1otai loss of the system, experienced as a result of loss of the redundant
power sources.

The Alarm System is designed such that the system'’s preferred faitlure mode is through

a succession of "gracelully degrading” states of operation rather than a “sudden death ™
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OPERATING EXPERIENCE REVIEW FOR THE AP§00

Issues Addressed By NUREG 0711 Appendix B

Human Factors Aspeci/Human Performance issue

Humar. Factors/Human Performance lssue Addressed by APS00 Design

Alarm Displays Alarm System research has identified
mulliple use by operators of the Alarm Systems, namely,
for alerting, for status monitoring, and for situation
awareness. The selection of a dispiay technology and
dispiay methods for the Aiarm System can significantly
impact these multiple uses of alarm sysiams by aparators
Both conventionai txed-location displays and the newer
Cathoda Ray Tube (CRT)-based displays have advaniages
and disadvantages

The tunction of the AP800 Alarm Sysiem is to support the MCR operators with the
following activities of human decision-making:

1) ALERT activity, i @ , alert the operator to off-normal conditions;

2) OBSERVE WHAT IS ABNORMAL activity, i e, aid the user in focusing or: 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 info that area of the complste Plant information
Display System in which the data/informaton about the abnomality and its
resolution can be found

The APB00C Alarm System addresses the problem of aiarm avalanching and operator
data overioad by managing the presentation of the aiarms 10 the operaltors in such a
manner as 1o reduce the number of alarms presented simultaneously during major
disturbances, while maintaining sensitivity during small disturbances. The Alarm System
is robust enough to- a) show muitiple major process problems; b) not be overwhelimed
by minor alarms that are related to, or are a consequance of, the process problems
(avalanching), and c) elevate minor alarms to a place of attention-provoking significance,
messages which are not currently displayed are accessible and available to the
operators, upon request from workstation displays

The Alarm System aids in directing the operaltor 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 provides a link from a given
alarm ‘o its apphcabie computerized alarm responsa procedure

The APSOC Alarm System design captures the advantages of both the conventional
fixed-location displays and the newer CRT based displays The APS00 Alarm System
consists of overview alarms and VDU (such as CRT}-based alarms and alarm support
information.  The overview alarms are functionally organized with each function having
goal-related and process-related alarms. The alarm overviews are irtegrated into and
displayed by the WPIS, therefore the presentation of the alarm system overviews is
analogous to the conventional fixed position annunciators.  All alarms and associated
information is available at the operator's workstation VDUs. The presentation

supporting
of alarms on the workstation VDUs is analogous to CRT-based alarm displays.




TABLE 1 (Continued)
OPERATING EXPERIENCE REVIEW FOR THE AP650

lssues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Human Performance lssue

Human Feactors/Muman Performence lssue Addressed by AP600 Design

969101-aL 1AM MGIZE\ W

Aiarm Controis  Auditory features of alarm systems have
been problematical and separate silerce, acknowledge and
restan test (SART) controls are recommended. The
controls for computer-based alarm systems will become
more complex and need attention

The APS00 Alarm System provides the means for the APS00 CR operator to be alerted,
via both visual and audio alerting techniques, to problems in the processes involved in
the plant by

a) indicating the abnormality by presenting a precisely worded message or a graphic
representation of the condition;

b} presenting the abnormality in a context which conveys the impact on yant health;
c) separating alarms from other data; and

d} generating audibie tones corresponding to specific sets of alarms

The controls for the auditory features of the APB00 Alarm Systermn will not add to the
workioad nor will they ba distracting. A design raquirement of the Alarm System is that
it will not create distractions 1o the operators, nor will It add tc the fatigue of its users, by
the addition of noise or visual distortions. Concept testing (part of the HS! design
process, SSAR Section 18.8) and the HFE Verification and Validaticn ISSAR

Section 18.11) shali ensure that the alarm system auditory features are acceptable.

2e-1

Operator Selectable Alarms The operators may need a

low-priority, operator-selectabie alarm to call attention to a
component (e g.. a vaive) that may be out of its normal
position. Alarm systems should have the Rexibility for the
operators 10 easily add alarms to a screen when a
potentially deviant situation is identified that they need
cafled to their attention

THIS ISSUE INPUT INTO THE DESIGN ISSUES TRACKING SYSTEM.

Engineering Units Displays sometimes use engineering
units which mean litle 1o the operator, {e.g., "ibs-

The AP600 Plant Information System presents displays (physical process, functional,
trend, and automatic monitoring and logic displays) to the operator. The enginaering
units used on these displays will be meaningful to the operators. One way that this is
ensured is through the detalled display design and implementation process (SSAR
Secticn 18 8, HSI design). Tha design process includes a check by operational
personnel that the dispiays and the information presented are meaningiul. The finai
WMNMMIQ*MNMdW.

replacement of the lens or bulb can sometimes cause
Inadvertent actuation.

NOT APPLICABLE: The use of push button lamps are not part of APE0O CR MMI

Subsectior: 2.3.3

MCR -- Controls
and Displays

CHT-Based Displays On CRT-based displays, the
operators are often restricted to the use of “prepackaged”
displays and do not have enough capabifity to select
parameters for display and trending

The APS00 Piant Information System preserits displays (physical process, functional,
trend and automatic monitoring, and logic displays) o the operaior. In addition to these
“prepackaged” displays, the Plant Information System provides the capability to the 1
operator of being able to create a desired parameter and trend display  In addition, the
operator will have the capability of displaying this created trend dispiay on the WPIS.

9661 18GOKO
I UOISIABY



OPERATING EXPERIENCE REVIEW FOR THE APS00

Issues Addressed By NUREG €711 Appendix B

Human Factors Aspect/Human Performance issue

Human Factors/Human Performance Issue Addressed by APS00 Design

989104 -Q1 )M MEEZE W

Computer Interfaces Complex o poorly designed
computer interfaces are supphed. as opposed o intertaces
that are simple and “user friendly”

It is the mission of the APS00 M-MIS to improve the means that are provided 1o the
users of the plant operation and control centers for acquiring and understanding plant
data and in executing actions to control the plant's processes and equipment
{Reference: 188 1 of the SSAR) Therelore. a basic design goal of the APG00 M-MIS
is to provide an integrated environment that is “user friendly” and allows the aperator to
quickly and efficiently maneuver through the MMI resources (Alarm System, Information
System, CPS, and Soft Controls) to access needed information and controls

The difficulty of

The distributed nature of the APB00 1&C System architecture includes the robustness
and fiexibility to upgrade the systam in an efficient manner  The distributed 18C
architecture is discussed in Section 7.1 of the SSAR

€e-1
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Computer Response Time A common specification for
maximum delay time between screens is two seconds.
This may be acceptabie for routine computer processing,
however, during nuclear power plant (NPP) transients it is
too fong and causes unnecessary operator frustration and
delays in information processing.

The issue 10 be addressed is the amount of time it takes for the operator 16 locate a
desired piece of information. How does the operator locate a desired display? How
many displays must the operator navigate through belore he locates the desired
information? The AP600 Planit information System addresses this issue through its
design process and type of displays presented to the operator.  Functional displays are
designed and used to complement physical (system) dispiays Functional displeys are
dasigned o present to the operator associated goal monitoring and process monitoning
information for a respective function.  The output of the respective FBTA is used as a
major inpul to the design of the functional displays. The FBTA includes a cognitive task
needs 1o make operating decisions for the respective function  Since the APS00 Plant
Information System includes lunctional displays (produced from their associated FBTA)
rather than just physical system displays, it is more likely that the operater will find all
the information that he needs for a given thought process on one dispiay (such as a
functional display). Also, the uss of denser dispiays and more meaninghu! groupings of
information on the displays will result in a search within the display rather than
movement between dispiays to find desired information

To support the operator's situational awareness in an efficient and timely manner, the
design of the WPIS requires that the operator be able to point to and select in one step
(trom the workstation), a system, component of major parameter displayed on the wall
panel and recall on a worksiation VDU, a related functional display or physical display.
Ore step navigation from a functiona! display to an associated physical display, and
from a physical display o its associated functional display, will aiso be available. To add
flexibility to the method of navigation between displays a menu or map of all available
displays, will aiso be available 1o 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 times between screens is driven by the 1&C technology and associated
hardware. Advances in this technology are allowing faster responses all the time

This issue of how long it takes the operator to access needed information will be
evaiuated during the man-in-the-loop concept testing The resuits of this concept testing
will be used to refine the functional and detailed design of the M-MIS_ This issue will
also be measured and validated by the HFE verification and validation (SSAR
Section 18 11)
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Human Factors Aspect/Human Performance lssue

Human Factors/Human Performance lssue Addressed by APS00 Design

-Based Data Points Computer-based data points
should have a provision to indicate 10 the operators when
the data for the point is invalid (a.g., point is out of scan)

The information presented 1o the operators by the AP600 M-MIS inciudes indication of
data quality for the data displayed. The objective is 1o allow the operator to evaluate the
information being displayed to him and. eventually. discard it or look for altemative
measures  If a parameter measurement is outside the range of the instrument (note that
the data quality woutd be good) then this “out-of-range” information is indicated on the
display to the operator The data quality of computer calculated points is also addressed
and displayed by the AP60C M-MIS. The data quality of calculated points considers the
data quality of the input points and the validity of the calculation and its boundary
conditions. Tne data quaiity conventions used are consistent throughou! the M-MIS
For example, the convention used on a workstation display to indicate that a data point
such as a hot leg temperature is of “poor” quality is the same as the convention used 1o
present the same information on the WPIS.

Trip Status Indication In the CR, the operators need an
adequate indication for trip status of important local

aquipment

The function of the APB00 Alarm System is 10 support the MCH operators with the
following activities of human decision-making (adopted from Rasmussen's model of
human decision-making)

1) The ALERT activity, i.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 abnormai conditions and provide corrective action guidance, as
tar as to guide the operating crew into that area of the complete Plant Information
Display System in which the data/information about the abrormality and its
resoiuhion can be found

The Alarm System includes alarms ol trip status for imponant 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.

Subsection 2.4 1.1

MCR --
Communications

Communications Coverage -- Dead Spots Auxiliary
operators often cannol be contacted in the plant due 1o
their inability to hear pages from the CR since there are
many hard-to-hear or dead spots in the plant

The plant communication system consists of the following systems: wireless

security communication system mmmmsmmmo«
communication for piant operations and maintenance personne!l The wireless system
consists of wiretess belt-clip portabie handsets, hands-free type portable headsets, a
comprehensive antenna system, and a wireless telephone switch.  The telephone/page,
PABX telephone, and sound-powerad communication systems are for general piant
communications and serve as backup to the wireless systemn The communications
system is described in SSAR subsection 852

97

Subsection 2.4.12

The communications system complies with apolicable codes and standards, minimizing
Electro-Magnetic Interference (EMI) and its potentia! effects to equipment. “Low-
powered” type equipment Is used, whers possible, which has been demonstrated to
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issue Reference

Human Factors Aspect/Human Performance Issue

Human Factors/Human Performance isaue Addressed by APS00 Design

Subsection 2.5 4

MCH --

Cross-Relerencing Paper-based or hard-copy procedures
in NPP operations can cause the following problem
Cmss-referencing infroduces errors and delays in task
performance

The APS00 CPS automatically evaluates the status of each procedure step and presents
this evaluation to the operator along with encugh supporting information (such as actual
parameter values and equipment status) to give the operator an understanding of how
and why the system produced its evaluation. The CPS will provide the capability for the
operator to request supplemental informaticn on an additional VDU This wili be
information such as an associated physical, functional, trend or soft controt display or
perhaps a supporting graph, curve, or background information.  The CPS will provide the
capabiiity for the operator to transition to the appropriate location in other operating
procedures as required and 1o automatically select and display the new procedure when
requested, whils maintaining a placemark in the original procedure

Subsection 255

MCR --

Procedures

Muitiple Procedures Management Paper-based or hard-
copy procedures in NPP operations can cause the following
problem. Physical management of mulliple procedures and
place-keeping during concurrent execution are awkward

The APS00 CPS will provide the capability for the operator t0 transition to other
operating procedures as required and 1o automatically select and display the new
procedure when requested, while maintaining a placemark in the originat procedura.
The CPS will provide for the display of a procedure transition map.  This display will
indicate transitions out of or into the procedures, as well as movements within the
procedures. The CPS will also provide the capability for the operator to request
supplemental information on an additional VOU  This will be information such as an
assoclated physical, functional, trend or soft control display, or perhaps a supporting
graph, cunva, or background information

107

Subsection 256

NUREG-0933, 1C5

Maintaining Procedures Paper-based or hard-copy
procedures in NPP operations can cause the following
problem: Maintaining the technical accuracy of procedures
is difficult. For example, a design change in a single
component can invalidate every procedure that references
that component.  Similarly, a procedure revision that
changes the step number in that procedure can invalidate
every step in other procedures that cross-reference that
changed procedure.

The AP600 CPS will include the capability to modify or edit the procedures in a
straightforward manner.  This is accomplished by using an off-line reiational database
management system

Subsection 257

MCR --

Procedure Integration Paper-based or hard-copy
procedures in NPP operations can cause the following
problem: Handling and reading a paper procadure while
also performing the actions required to perform the task
described in a procedure are typically incompatible

The APBO0 CPS will provide the capability for the operator to request supplemental
information on an additional VOU.  This wil be information such as an associated
physical, functional, trend or soft control display or perhaps a supporting graph, curve, or
background information. If a step within a procedure, as presentad by the CPS, requires
the user to operate a component or system, then the user will be able 1o select, in a
single action fromr the CPS, the associated soft control display for the respective
component. The soft control displays will appear on a VDU, at the operaltor's
waorkstation separate from the VDU that presents the CPS. The use of multiple VDUs at
the operator's workstation, (CPS main intertace VDU, CPS supplemental information
VDU, and a soft control display VOU), while executing a procedure through the AP600
CPS, minimizes or eliminates the handling and reading problems associated with the
execution of a paper-based procedure while aiso trying to perform the actions required
by the procedure
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109 | Subsection 258 MCH -- Procedures | Handling'Foliowing Procedures Paper-based or hard-copy | The AP600 M-MIS includes a CPS that assists the plant operators in monitoring and
procedures in NPP operations can cause the following controliing the execution of piant procedures  For a given procedure, the status of each
problem: Due to space limitations and the nead for procedure step is dynamically determined and presented to the operator along with the

969101 -0} M MGIZE\ Wi

procedural aids for the operators to follow, procedures are | supporting plant information. To alleviate the inherent fixed finearity of paper-based
difficuit to work with, especially in the CR during a transient | procedures, the CPS performs parallei monitoring activities versus the operator in paper-
baseo procedwes. A paraitel monitoring activity is a plant condition, state, or paramets
that is monitored by the computer in parafiel with the activity of guiding the operator
through the respective procedure. Types of paraflel information monitored by the CPS
are the status of the CSF, procedure 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 step and performing paraliel
monitoring activities, the delays caused by the inherent fixed tinearity of executing paper-
based procedures are minimized or efiminated. The CPS provides direct links from
steps to the associated Plar . Information System Displays (phvsical process, functional,
automatic monitoring logic, or soft control displays). For example, it a step within a
computerized procedure requires the user 10 operate a component or system, then the
user will be able to selec!, in a single action from the CPS, the associated soft control
display for the respactive 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
multipie VOUSs at the operater's workstation {CPS main interface VDU, CPS
supplemental information VDU, and a soft contro! disniay VDU) while axecuting a
procedure thiough the APS00 CPS, minimizes or elimnates the handling and reading
problems associated with the execution of a paper-based procedure

110 | Section 26 MCR - BWR Reactor Shutdown During a reactor shutdown from an NOT APPLICABLE: This issue is only applicable tc BWRs.
Shutdown initial power ol 6%, that involved low-decay heat levels due
10 & short operating history, operators allowed cooldown
{due to small miscellaneous steam load) to add excessive
positive reactivity Further by not properly maintaining the
power in the mid-range of the Intermediate Range Monitors
(1RMs;, a reactor trip occurred

111 | Section 3.1 System-Related Leakage Areas of NPPs, such as isolated rooms, often Intermal plant luoding can be attributed 1o piping ruptures, tank faitures, or the actuation
Insights -- Flooding | contain Buid systems with the potential for leakage and of fire suppression systems. The consequences of these eventz have been evaluated
Concemn flooding for the APBCO in accordance with Standard Review Plan (SRP) 36 1 and SRP 36.2
Water-level (flood] design features and protection mechanisms are described in
Sactions 3 4 and 3.6 of the SSAR, respectively. The protection mechanisms related to

8€-1

8 *  Structural enclosures

o X *  Structural barriers

-] «  Curbs and sievated thresholds

=~ o *  Leak detection systems

- B «  Drain systems

‘g:

o - in appropriate locations, water-level sensors are provided to transmit water leve!

indications to the MCR and the plant controt system. Level alarms alert the operator 1o
take corrective action.
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issues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Human Performance issue

Human Factors/Human Performance Issue Addressed by AP600 Design

Spray Vaive Stuck Open A PWR pressurizer spray vaive
stuck open (unknown 1o the operators at the time) causing
a continued drop in RCS pressure to below thal required by
TS As a resuft, a plant shutdown was required in order to
isolate the spray line.

The AP600 design has addressed the possibility of a stuck open spray valve. The spray
valve is provided with an automatic imerdock to close on low RCS pressure that would
result from an open spray valve In addition, the remolely-operated spray block vaives
can be closed from the CR in the event of a stuck open spray vaive. Therstore, a
forcert plant shutdown can be avoided in the event of a stuck-open spray vaive

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

dc system reliability -- The dc system is designed for a high level of reiability. A
non-Class 1E battery monitor is provided for each battery to monitor and alarm battery
voltage. detec! and alarm battery open-circuit condition {including blown fuses), ang
supervise battery availability

The battery chargers are provided with a trouble alarm for alternating current {ac) input
failure, dc output underiover voltage, no charge, nputioutput breaker trip, and dc high
voitage shutdown trip

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

A ground detection alarm is provided

The 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 APEC0 is designed to withstand
the loss of a single de bus witheut placing the plant in an unsafe condition.

In the APG00 design, loss of a dc bus wilt not result in a partial loss of offsite power.
The breakers in the APS00 are controfled by the PLS. The PLS system normally
receives power from the non-Class 1E UPS system  Upon failure of the dc bus
powering the UPS, or failure of the UPS itselt, the loads are automatically translerred to
4 reguiating transformer supply Therefore, loss of a dc bus wiil not result in loss of
power to the PLS system

The ac nower system breakers use solid-state contral which receives contro! power from
a power supply internal to the switchgear; therefore, loss of a dc bus will not result in

loss of control power to a breaker.
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issues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Human Performance Issue

Human Factors/Human Performance lssue Addressed by APS00 Design

Control Room Annunciator A consequant problem on loss
of a dc bus is loss of CR annunciator power

dc system rehiability - The dc system is designed for a high levei of reliability

A battery monitor is provided for each battery to monitor and atarm battery voliage,
detect and alarm battery open-circuit condition {inclksding blown fuses), and supervise
battery avadabiiity

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

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

A ground datection alarm is provided.

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

Mitigation of the effects of the loss of a dc bus -- The APG0O is designed to withstand
the loes of a single dc bus without placing the plant in an unsafe condition

in the APS00 design, toss of a dc bus will not result in a ioss of alarm system power.
Alarm system powe: normally comes from a UPS, however, upon fallure of the dc bus
powering the UPS, or failurs of the UPS itsell, the loads are automatically transferred o
a reguiating transformer supply  Therefore, loss of a dc bus will not result in loss of
alarm system power
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CPERATING EXPERIENCE REVIEW FOR THE APE0C

issues Addressed By NUREG 0711 Appendix B

Human Factors Aspect/Muman Performance Issue

Human Factors/Muman Performance lssue Addressed by AP§00 Design

Indicators in Controi Room A consequent problem on loss

of a dc bus is loss of power to indicators in the CR

dc system refiability - The dc system is designed for a high leve: of reliabity.

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
batiery avatlability.

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

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

A ground datection alarm e provided

The 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 APG00 is designed to withstand
the loss of a single dc bus without placing the plant in an unsafe condition.

in the AP0 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 faflure of the UPS itself, the loads are automatically transferred to
a regulating transtormer supply.  Therefore, loss of a de bus will not result in loss of
indicator power.




OPERATING EXPERIENCE REVIEW FOR THE APS0D
Issues Addressed By NUREG 0711 Appendix B
Human Factors Aspect/Human Pe:‘ormance lssue Human Factors/Human Performance lssue Addressed by APE00 Design

Power 1o Circult Breakers A consequent problem on loss | de system reliabiiity - The dc system is designed for a high level of reliability
of a dc bus is loss of control power 10 various circuit
breakars A non-Ciass 1E battery monitor is provided for each battery o moritor and alarm battery
voltage, detect and alarm ba'teiy open-circuit condition (including blown fuses), and

supervise brttery availability

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

969L01L-Q1 JdM MGOZE\ W

The dc buses are monitored and alarmed for undervoltage. The dc system curmants are
meniiored and alarmed for overcurrent

A ground detection alarmm is provided.

The 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 dec bus - The APS0O0 is designed to withstand
the loss of a single dc bus without placing the plant in an unsafe condition

In the APB00 design, loss of a de bus wil! not result in a loss of circult breaker control
The breakers in the APS00 are controfled by the PLS  The PLS system normally
receives power from the non-Class 1E UPS system.  Upon failure of the dc bus
powenng the UPS, or failure of the UPS itsell, the loads are automatically transterred 1o
a raguiating transformer supply.  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 receives control power from
a power supply internal 1o the switchgear, therefore, loss of a dc bus will not result in
loss of control power 10 a breaker
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OPERATING EXPERIENCE REVIEW FOR THE APS00

issues Addressed By NUREG 0711 Appendix B

Human Factors AspectHuman Performance Issue

Human Factors/Human Performance lssue Addressed by AP600 Design

Power to Computers and Displays A consequent problem

on loss of a dc bus is loss of power io computers and
video display screens

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

A battery monitor is provided for each battery to menitor and alarm battery voltage,
detect and alarm battery open-circuit condition (inciuding blown luses), and supervise
battery avadability

The battery chargers are provided with a trouble alarm for ac input failure, dc output

under/over voltage, no charge, inputioutput breaker trip, and dc high voltage shutdown
trip

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

A ground detection alarm is provided.

The 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 AP600 is designed to withstand
the loss of a single dc bus without placing the plant in an unsate condition

in the AP60U design, foss of a dc bus will not resuft in a loss of power to computers and
video display (workstation) screans.  Power to computers and video display screens
normally comes from a UPS system. Upen failure of the dc bus powering the UPS, or
fallure of the UPS itsell, the loads are automaticaily transfer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>