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102-04985-CDM/SAB/TNW/DWG

August 13, 2003
U.S. Nuclear Regulatory Commission

ATTN: Document Control Desk
Mail Station P1-37

11555 Rockville Pike

Rockville, MD. 20852

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, and 3
Docket Nos. STN 50-528/529/530
Response to Request for Additional Information to Proposed
Amendment to Technical Specifications 3.2.4, 3.3.1, and 3.3.3

Reference: Letter 102-04864-CDM/TNW/DWG, “Request for Amendment to Technical
Specifications: 3.2.4, Departure From Nucleate Boiling Ratio (DNBR),
3.3.1, Reactor Protective System (RPS) Instrumentation - Operating,
3.3.3, Control Element Assembly Calculators (CEACs),” dated November
7, 2002, from C.D. Mauldin, APS to USNRC

Dear Sir or Madam:

In the letter referenced above, Arizona Public Service Company (APS) requested an
amendment to Technical Specifications (TS) 3.2.4, Departure From Nucleate Boiling
Ratio (DNBR), 3.3.1, Reactor Protective System (RPS) Instrumentation - Operating,
3.3.3, Control Element Assembly Calculators (CEACs). During the review, staff from
the NRC Electrical and 1&C Branch requested additional information related to the
proposed amendment. APS has provided the additional information requested in the
enclosure to this letter.

The following commitment is being made to the NRC by this letter:
APS will relocate the requirements of TS LCO 3.3.1 Condition E and LCO 3.3.3
Condition C from the TS to the PVNGS Technical Requirements Manual (TRM) prior
to declaring the installed Common Q Core Protection Calculator System operable.

Should you have any questions, please contact Thomas N. Weber at (623) 393-5764.

Sincerely,

Dt Ot A0l



U. S. Nuclear Regulatory Commission

ATTN: Document Control Desk

Response to Request for Additional Information to Proposed Amendment to Technical
Specifications 3.2.4, 3.3.1, and 3.3.3
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CDM/SAB/TNW/DWG

Enclosures:

o Notarized affidavit

¢ Arizona Public Service Company’s Response to Request for Additional Information to
Proposed Amendment to Technical Specifications 3.2.4, 3.3.1, and 3.3.3

Attachments:

1. 13-JN-1000, Engineering Specification For The Core Protection Calculator/Control
Element Assembly Calculator (CPC/CEAC) System For Palo Verde Nuclear
Generating Station

Summary of PVNGS Plant Procedure Changes to Support CPCS Implementation
3. Listing of Hardware for Channel A of CPCS

n

cc:  Regional Administrator, NRC Region IV
J. N. Donohew
N. L. Salgado
A. V. Godwin



STATE OF ARIZONA )
) ss.
COUNTY OF MARICOPA )

I, David Mauldin, represent that | am Vice President Nuclear Engineering and
Support, Arizona Public Service Company (APS), that the foregoing document has been
signed by me on behalf of APS with full authority to do so, and that to the best of my
knowledge and belief, the statements made therein are true and correct.

DIt

" David Mauldin
Sworn To Before Me This Day Of_[& ‘Aﬂ ust , 2003.
- , Notary Public
OFFICAL SEAL
T Karen D. Greiner
YR NOTARY PUBLIC - STATE of ARIZONA
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MY COMM. EXPIRES AUGUST 28, 2004
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ENCLOSURE

Response to Request for Additional Information
to Proposed Amendment to Technical Specifications
3.24,3.3.1,and 3.3.3



Response to Request for Additional Information
to Proposed Amendment to Technical Specifications
3.24,3.3.1,and 3.3.3

Detailed below are Arizona Public Service Company’s (APS) responses to the following
requests for additional information (RAIls) by the NRC's Electrical and I1&C Branch
pertaining to the implementation of the new Core Protection Calculator System (CPCS)
at Palo Verde Nuclear Generating Station (PVNGS):

¢ 17 RAIls requested on March 20, 2003
¢ 10 RAls requested on May 14, 2003

¢ 11 RAls requested on June 5, 2003

¢ 2 RAls requested on July 17, 2003

A. MARCH 20, 2003 RAIls

NRC Request #A.1:

Please provide the following documentation:

o0 To

The software requirements specification (SRS) for the PVNGS CPC.

The procurement document the licensee is using to procure the CPC.

The system requirements specification (SysRS) for the PVNGS CPC.

A copy of any plant procedures which will change as a result of this upgrade.
A copy of the human/machine interface (HMI) review related to this change.

APS Response to Request #A.1:

Documentation has been provided as follows:

a.

The Software Requirements Specifications (SRSs) for the Palo Verde Nuclear
Generating Station (PVNGS) Core Protection Calculator System (CPCS) have
been made available by Westinghouse for NRC review in Westinghouse's
Rockville office.

The APS procurement specification for the Common Q CPCS is provided in
Attachment 1 to this letter.

The System Requirements Specifications (SysRSs) for the PVNGS CPCS have
been made available by Westinghouse for NRC review in Westinghouse’s
Rockville office.

Many of the procedures that are impacted by the CPCS upgrade are in the
development stage with a target date for implementation to be coordinated with
approval of this license amendment. As agreed upon during a phone
conversation between APS and the NRC on March 27, 2003, a list of PVNGS
procedures that are changing as a result of the CPCS upgrade has been



provided in Attachment 2 to this letter. Upon request, APS will make available to
the NRC staff any specific procedure the staff would like to further review.

e. A copy of the Westinghouse Requirements Phase Human Factors review has
been submitted by APS for NRC review on April 25, 2003 (Ref. 1).

NRC Request #A.2:

Discuss the operation of the CPC using a more detailed diagram than provided in
Figure 2-2 of the licensee’s submittal. As examples of the detail to include in the
response, consider the following:

- A diagram of the reed switch position transmitters (RPSTs) (e.g., a resistor
ladder diagram)

- The signal path from all sensors to the RPS

- Other circuit paths such as between the Plant Computer and the RPS

- The CPC communication protocols

- Sensor input type (analog 4-20 ma, digital, smart sensor)

- The interconnections between the four proposed channels of the CPC

Please note that an engineering level drawing is preferred. The above list is not
exhaustive of the topics to be discussed.

APS Response to Request #A.2:

Engineering level documents and diagrams providing more detailed discussion of
the CPCs have been made available by Westinghouse for NRC review in
Westinghouse’s Rockuville office.

NRC Request #A.3:

1

Please provide an assembly drawing for one channel of the CPC to allow the staff to
understand the front level view of the system.

APS Response to Request #A.3:

Documents providing single channel assembly drawings of the CPCs, have been
made available by Westinghouse for NRC review in Westinghouse’s Rockville office.

NRC Request #A.4:

Provide the schematic capture drawings written in the application specific software
that will allow the staff to trace the flow path from field inputs to the RPS system.
Include the calculation algorithms in diagram form to allow the staff to evaluate how
the proposed system conforms to the SRS and SysRS.



APS Response to Request #A.4:

Schematic capture drawings for the application software that allows the staff to trace
the flow path from field inputs to the contact outputs that ultimately go to the RPS
system have been made available for NRC review in Westinghouse’s Rockville
office.

NRC Request #A.5:

Discuss the organizational structure at APS that ensures the software system life-
cycle activities are in conformance with the licensee’s software quality assurance
(SQA) requirements. Please be detailed enough to allow the staff to review the SQA
process APS personnel use for the CPC. If APS does not have a Configuration
Control Board, how will the configuration be controlled, and who will be responsible
for the configuration control.

APS Response to Request #A.5:

The CPC system is maintained by the Operations Computer Systems (OCS) group
within the PVNGS Maintenance Department. OCS Engineering and Maintenance
personnel are responsible for proper implementation of the Process Control and
Monitoring System (PCMS) SQA.

At PVNGS, process software is treated as an installed plant component, and
therefore, comes under the site’s Design Control, Configuration Management, Plant
Modification, and Conduct of Maintenance Programs. The PCMS SQA Program
interfaces closely with these site programs.

PVNGS administrative control procedure 80DP-0CCO01, Control of Software and
Data for Process Control and Monitoring Systems, provides a graded approach to
quality assurance for process software throughout its life cycle.

Four Software Integrity Levels (SlLs) have been established for categorizing PCMS
software, SIL1 being the highest integrity level and SIL4 being the lowest. The CPC
software providing protection functions is categorized as SIL1, and must comply with
the strictest requirements of the Program.

Fundamental SQA elements apply across all SiLs. The depth and breadth of
documentation and the rigor of activities required for each element are a function of
SILs. The following describes the fundamental program elements:

¢ The design requirements for PCMS software are defined and documented.

¢ Software procurement, design, development, testing, acceptance, and
installation are completed and documented in accordance with an approved
Project Plan, Software Quality Assurance Plan (SQAP), and all applicable
procedures.



The software configuration for each PCMS is identified utilizing the appropriate
level of detail to define its constituent software configuration items (SCls).

Changes to software design requirements and configuration are identified,
evaluated, documented, and approved for implementation utilizing an approved
change control process (i.e., the Plant Modification, Deficiency Work Order, and
Corrective Maintenance processes).

Approved software design and configuration changes are implemented under the
PVNGS Work Control Program, and the as-built configuration is statused in the
Site Work Management System (SWMS) throughout the installed life of the SCls.

Software design output information is accurately reflected in the physical as-
installed software configuration, and in the configuration documents which
specify procurement, installation, operation, maintenance, testing, and training
requirements.

Appropriate physical and cyber security measures and suitable environmental
conditions are provided to minimize inadvertent, unauthorized, or unapproved
changes to both production process software and backup/disaster recovery
software stored on media.

Appropriate system software configuration management, backup, and disaster
recovery plans for each system are developed and implemented to provide timely
support of system and plant operations.

In addition to receiving review and approval of any design change as part of the
Plant Modification process, the PCMS SQA Program imposes additional
requirements for software including:

Review and approval of all changes to SIL1 software by the Advisory and
Support Committee (ASC) established by the PCMS SQA Program. The ASC,
similar to a software configuration control board, is a cross-discipline committee
comprised of management level representatives from OCS, 1&C Design, 1&C
System Engineering, 1&C Maintenance Engineering, and Operations to provide
oversight of and assistance with implementation of the PCMS SQA Program.

Review and approval of all Project Plans and SQAPs by the ASC.

Completion of all changes to PCMS software in accordance with the system’s
approved Software Configuration Management Plan and applicable procedures.

The implementation of the integrated site programs in conjunction with the function
of the oversight committees, as described above, provides adequate assurance that
configuration control is maintained for all PCMS.



Figure 5-1 below outlines the PCMS Software Change Mechanisms and Change
Implementation via Integrated Programs at PVNGS.

Figure 5-1
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NRC Request #A.6:

What differences exist between the system to be delivered to PVNGS and the
system approved by NRC staff? As part of answering this question please consider
new software versions, hardware design changes, and corrections or modifications
as a result of factory acceptance testing (FAT) and site acceptance testing (SAT).

APS Response to Request #A.6:

A summary of the differences between the system to be delivered to PVNGS and
the system approved by NRC staff are listed below. In no case was functionality
removed or deletions made from what was presented to and approved by the NRC.

Software Differences

Software Version Update

The NRC reviewed Westinghouse’s AC160 base software version AC160 1.2/0
as documented in the August 11, 2000 SE. APS plans to implement the AC160
base software version AC160 1.3/4 for the upgraded CPCS at PVNGS. The
manufacturer Asea Brown Boveri (ABB) updated the AC160 base software
version for all users. Since the Palo Verde CPCs were still in development, the
decision was made to use the new version of software. Using the new version
allows for easier future support by ABB, and full testing could still be performed
by Westinghouse using the new software.

CPC Program Timing Modification

In Table A2.1.2-3 of Appendix 2 of the Westinghouse topical for the Common Q
(Ref. 2), the CPC program execution intervals and input sampling rates are
described. During analysis and testing of the CPC Algorithms, as implemented
on the Common-Q hardware, the required PVNGS safety analysis response
times were not met for all postulated accidents due to the hardware chosen for
the Common-Q system. To ensure safety analysis response times were met,
changes were made to the program timing from that described in the topical
report by speeding up the cycle times of the Power module (from 1 second to
0.25 seconds) and Update module (from 100 ms to 50 ms). Further discussion
on this change was provided in APS response to the NRC’s Reactor System
Branch requests for additional information (RAI) (Ref. 3).

Reactor Power Cutback (RPCB) Flag Algorithm Modification

A general description of the Reactor Power Cutback Flag is found in section
A2.1.3.2.8 of Appendix 2 of the Westinghouse topical report for the Common Q
(Ref. 2). At the request of APS, Westinghouse made changes to the RPCB Flag
algorithm to correct an identified coding deficiency in the legacy CPCS. This
subject is discussed further in Section 4.1 of the original APS license amendment
submittal (Ref. 4).

CPCS Auxiliary Trip Pre-Trip Alarms Addition
The Westinghouse topical report for the Common Q (Ref. 2) made no mention to
CPCS Auxiliary Trip Pre-Trip alarms. As part of the CPCS human factor
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improvements, APS will be adding Auxiliary Trip Pretrip alarms for Axial Shape
Index (ASI), Asymmetric Steam Generator Trip (ASGT), and Variable Over
Power Trip (VOPT). These alarms that were designed by APS apart from
Westinghouse will use information transmitted to the Plant Monitoring System.
These alarms are intended only as operator aids and serve no safety function.
This function is performed by the Non-Safety Plant Monitoring System (PMS)
Datalink.

Hardware Differences

Q Class Fiber Optic Distribution Box Addition

There is no discussion of a fiber optic distribution box in the Westinghouse
topical for the Common Q (Ref. 2). APS plans to use a fiber optic (FO)
distribution box to terminate the runs of FO cable within APS’ scope of supply. A
FO distribution box is analogous to a field terminal rail, used to terminate long
cable runs from outside the cabinet. Short and easily replaceable FO jumpers
would then be used from the distribution box to the balance of the CPCS. APS
worked with Westinghouse to qualify a Quality Class Fiber Optic Distribution box
that will be used, and to verify that sufficient FO signal margin would be available
to accommodate the additional connections.

Non-Safety Ethernet Switch Addition

APS plans to use a non-class ethernet switch to tie together the various non-
class ethernet links supplied by the CPCS. The ethernet connections were
functionally shown in documents reviewed by the NRC, but the existence of the
device itself was not.

Non-Safety PMS Computer Datalink Addition

APS plans to use a non-class PMS Datalink computer to interface between the
ethernet links and the PMS computer. In Figure A2.1-1 of Appendix 2 of the
Westinghouse topical for the Common Q (Ref. 2), the CPC ethernet outputs
appears to run directly to the PMS computer. In APS’ implementation of the
CPCS, the ethernet outputs of the CPCS must be translated to correspond to the
six serial datalink that the existing PMS system can accept. The PMS Datalink
performs this function.

NRC Request #A.7:

Please discuss the CPC response and operations personnel response to the
following scenarios:

Qo oe

A disparity between redundant RPSTs

Multiple failed reed switches

Channel penalty factor disparity

Recovery of channel from loss of power or a channel reset



APS Response to Request #A.7:

There are no significant differences in how a channel of the legacy CPC and how a
channel of the Common Q CPC would respond to the four scenarios provided. The
CPC and Operator responses to these scenarios are essentially identical between
the two systems with the following exceptions:

A CEAC penalty factor would only affect one channel in the Common Q CPCS,
whereas in the legacy CPCS, a CEAC penalty factor would affect all four
channels.

The Common Q Flat Panel Displays (FPDs) provide improved human factored
indication and trending not seen in the legacy CPCS that would allow Operators
greater monitoring capabilities of CPC/CEAC related information.

The Common Q design supports RSPT substitution. However, this feature has
been disabled by Westinghouse at APS’ request until the appropriate regulatory
review (10 CFR 50.59 or NRC submittal) has been obtained.

A discussion is provided below on CPC and Operations responses to the four
scenarios based on implementation of the Common Q CPCS:

a. A disparity between redundant RSPTs

CPC Response

Each CEAC generates a penalty factor (PF) based upon indicated CEA position
received from the RSPTs. There are two CEACs per channel each reading CEA
position from a separate RSPT (i.e., CEAC 1 reads RSPT 1, CEAC 2 reads
RSPT 2). Therefore, there are two CEAC PFs provided to each CPC. The CPC
utilizes the most conservative PF generated from the two CEACs.

Operations Response
Any disparity between redundant RSPTs is monitored manually by surveillance.
RSPT deviation checks are performed shiftly (once per 12 hours).

Multiple failed reed switches

CPC Response

The Common Q CPCS CEAC algorithm is unchanged in regards to handling up
to three failed RSPTs before failing the CEAC. The CEAC monitors for failed
RSPTs by checking for both out of range and rate of change in CEA position.

Operations Response

Multiple failed reed switches may or may not result in visual indication on the
CPC Operator’s Module (OM). If a failed CEAC is indicated, operators will enter
the Tech Spec action statement for a failed CEAC (3.3.3 condition A or B) and
investigate the cause as necessary. Failures not indicating on the OM will be
identified by the shiftly channel check.




C.

A channel penalty factor disparity

CPC Response
The most conservative PF from the two CEACs in that channel will be used by
that channel’'s CPC.

Operations Response

The fact that a disparity exists between the PFs will require no direct response
from Operations. If the disparity results in a CPC channel trip, then the trip will
be evaluated in accordance with plant procedures.

. Recovery of a channel from loss of power or a channel reset

CPC Response

The channel will trip resulting in an alarm in the control room. When a channel
recovers from a loss of power or channel reset, the CPC algorithms will not begin
executing until the Addressable Constants and Reload Data Block (RDB)
constants are received over the AF100. The algorithms will then begin their
initialization process, including an initial verification of the application checksum.
During this initialization process, the channel remains in a tripped condition. If
any RSPT were being substituted, they would be removed and would have to be
manually substituted again. Other than that, no data is required to be entered
manually from such a condition.

Operations Response

The alarm response procedure addressing the CPC channel trip directs placing
the Low DNBR and High LPD trip parameters in bypass. The affected channel
will be declared inoperable and the appropriate requirements of the Technical
Specifications will be complied with until the CPC channel is restored to service.

In addition, the following concern associated with this question was identified by the
NRC in a phone call on March 27, 2003:

e.

If a software error is discovered, will all four channels be declared inoperable?

Each discovered error would be handled on a case by case basis. A generic
software error in the CPC software in a non-conservative direction would be
evaluated to determine if any channels should be declared inoperable. Software
errors on the OM, Maintenance Test Panel (MTP), or CEA Position Display
System (CEAPDS) node boxes would not normally result in declaring CPC
channels inoperable since they are not required for channel operability.

NRC Request #A.8:

Please provide a hardware listing of one channel of the CPC. This listing can be at
the card and rack level. For example, analog input card, digital output card,
personal computer (PC) node box, flat panel display system (FPDS), etc.
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APS Response to Request #A.8:

A list of the major hardware components for one channel of CPCs is provided in
Attachment 3 to this letter.

NRC Request #A.9:

How does the close out of generic open items, as discussed in staff safety
evaluation for the Westinghouse Common Q platform issued in February 24, 2003,
affect this submittal?

APS Response to Request #A.9:

The close out of the generic open items (GOls) does not affect this submittal. The
NRC'’s February 24, 2003 safety evaluation documents that all GOls are now closed
with the exception of GOI 7.8, which is only applicable to future integration of
multiple Common Q safety systems. This item is not applicable to PVNGS.

The NRC staff evaluation does, however, discuss the operational anomaly related to
the RE102 radiated emissions test. APS, through the use of CHAR Services, has
evaluated these radiated emissions at higher than the specified limits and has
determined that they do not affect equipment within the surrounding area of impact.

The safety evaluation also discussed the failure of the PM646A processor module
and Al685 analog input module at the Safe Shutdown Earthquake (SSE) level. This
has been reviewed by APS and also found to be acceptable. The acceptance is
justified by substituting one of the seven Operating Basis Earthquake (OBE) test
results in place of the SSE. The OBE test response spectra is higher than PVNGS’
specific SSE required response spectra.

NRC Request #A.10:

For justification to remove condition E, CPC cabinet high temperature, the submittal
mentions “extensive online diagnostics." Please provide a justification that the
diagnostics mentioned in Section 2.2, page 3, meet the intent of the original TS
which requires a channel functional test. How does the licensee ensure that the
diagnostics provide sufficient coverage to perform the functional test as originally
intended?

APS Response to Request #A.10:

As discussed with the NRC staff on July 17, 2003, and in lieu of removing Technical
Specification (TS) Limiting Conditions for Operation (LCOs) 3.3.1 Condition E and
3.3.3 Condition C requirements altogether, APS requests that they instead be
relocated to the PVNGS Technical Requirements Manual (TRM). The following
information provides the basis for relocating these requirements to the TRM:
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1. These two LCO conditions do not meet all of the requirements of 10 CFR 50.36.
APS acknowledges that the CPCS does in fact meet the four criteria of 10 CFR
50.36(c)(2)(ii) and should continue to have LCO requirements (as refiected in
LCO 3.3.1 Conditions A, B, C, D and G and LCO 3.3.3 Conditions A, B, and E).

However, 10 CFR 50.36(c)(2)(i) states that LCOs are “the lowest functional
capability or performance levels of equipment required for safe operation of the
facility”. APS believes that the requirements to perform a functional test on a
CPC cabinet high temperature alarm, as stated in LCO 3.3.1 Condition E and
LCO 3.3.3 Condition C, do not meet the definition for an LCO in 10 CFR
50.36(c)(2)(i). The following is a basis for this conclusion:

a. A high CPC cabinet temperature alarm does not indicate the lowest
functional capability or performance level of a CPC or CEAC. These alarms
(122 deg F) are actuated well below the qualification temperature of the
CPCs and CEACs (140 deg F) and merely inform the Operations staff of a
potential challenge to CPC/CEAC operability. Typically only one of four
channels is affected on high cabinet temperature since each cabinet has its
own independent cooling system.

b. These LCO requirements have no follow up requirements for continuous
monitoring after the initial test to determine if functionality may be affected in
the future with an existing high temperature condition. In contrast, the
improved Common Q CPCS provides more extensive online diagnostics
than the legacy CPCS and will continuously monitor and assess CPC/CEAC
module functionality. These diagnostics address numerous failure conditions
from many causes, temperature stress being only one such cause. Failures
are flagged by pertinent error messages and a channel trouble alarm on the
Operator's Module (OM), Maintenance Test Panel (MTP) and remote
annunciation. The improved CPCS design provides greater confidence in
identifying and alarming an actual loss of CPC/CEAC functionality.

2. A CPC high cabinet temperature alarm does not meet any of the four criteria of
10 CFR 50.36(c)(2)(ii) as addressed below:

a. Criterion 1 - Installed instrumentation that is used to detect, and indicate in
the control room, a significant abnormal degradation of the reactor coolant
pressure boundary.

The CPC cabinet temperature alarm is not used to detect, and indicate in the
control room, a significant abnormal degradation of the reactor coolant
pressure boundary. The alarm indicates degraded cooling to an individual
CPC Auxiliary Protection Cabinet which could potentially only impact the
performance of one channel of CPCs/CEACs.
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b. Criterion -2 A process variable, design feature, or operating restriction that is
an initial condition of a design basis accident or transient analysis that either
assumes the failure of or presents a challenge to the integrity of a fission
product barrier.

The CPC cabinet temperature alarm is not an initial condition of any design
basis accidents or transient analyses. The alarm only serves to warn of a
potential challenge to functionality in one channel of CPCs/CEACs.

¢. Criterion 3 - A structure, system, or component that is part of the primary
success path and which functions or actuates to mitigate a design basis
accident or transient that either assumes the failure of or presents a
challenge to the integrity of a fission product barrier.

The CPC cabinet temperature alarm is not part of the primary success path
which functions or actuates to mitigate a design basis accident or transient.
The alarm only serves to warn of a potential challenge to functionality in one
channel of CPCs/CEACs.

d. Criterion 4 - A structure, system, or component which operating experience
or probabilistic risk assessment has shown to be significant to public health
and safety.

The CPC cabinet temperature alarm is not significant to public health and
safety. Historically, there have been no significant plant events that
depended upon operator response to a CPC high cabinet temperature alarm
to prevent or mitigate the abnormal condition. PVNGS administrative control
procedures continue to require Operators to be constantly aware of all
alarmed conditions and to respond appropriately.

By design, the alarm only serves to warn of a potential challenge to
functionality in one channel of CPCs/CEACs. These alarms (122 deg F) are
actuated well below the qualification temperature of the CPCs and CEACs
(140 deg F). The CPCS is a subsystem of the Reactor Protection System
(RPS) which requires two-out-of-four channels to actuate a reactor trip. The
loss of functionality of a single channel of CPC/CEAC regardless of the
cause would provide no greater risk than being in a two-out-of-three RPS trip
logic which is a condition currently authorized by the NRC. The CPC cabinet
temperature alarms are not significant contributors to plant risk and therefore
are not modeled in the plant Probability Risk Assessment (PRA).

3. Relocating these requirements to the TRM will not eliminate them. The PVNGS
TRM is a licensee controlled document specified in the PVNGS Updated Final
Safety Analysis Report (UFSAR) and therefore is controlled by 10 CFR 50.59.
Should a functional test of the upgraded CPC or CEAC, performed in accordance
with the TRM, demonstrate that either the CPC or CEAC is inoperable, the
appropriate conditions of TS LCO 3.3.1 and 3.3.3 will still be complied with.
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NRC Request #A.11:

The licensee submittal states that the existing Condition F for TS LCO 3.3.1, “One or
more core protection calculator (CPC) channels with three or more auto restarts
during a 12 hour period,” and the associated Required Action will be deleted. The
licensee’s discussion on page 4 of its submittal states that the replacement CPC
does not have an auto restart feature. A processor failure will result in a HALT
condition, in which the CPC processor remains in a tripped state, the watchdog timer
times out, and maintenance personnel must perform a restart or repair the affected
module. Therefore, a marginally performing CPC processor cannot continue to
remain in operation without deliberate action by the maintenance staff. Any repair
will result in appropriate diagnostics being performed on the module to assure
operability. Therefore Condition F and the associated Required Action are no longer
required.

Discuss the corrective action intended such that maintenance personnel will be
required to perform a restart or repair of the affected module within an appropriate
time interval. This discussion should include the reason why a proposed Condition
and Action item were not included in the licensee submittal, since a trip condition
results from the failure of a channel.

APS Response to Request #A.11:

The existing LCOs provide appropriate time intervals. There is no difference
between the legacy and the upgraded CPCS regarding the status of a tripped or
bypassed CPC channel under maintenance. LCO 3.3.1 Condition A and B provides
the time requirement (1 hour) to place an “inoperable” CPC in a tripped or bypassed
condition. After a channel is placed in trip or bypass, LCO 3.3.1 Condition A
requires that the channel be restored to operability prior to entering Mode 2 following
the next Mode 5 entry. APS is not requesting that these LCO requirements change.

Since a HALT condition results in the generation of a channel trip, the channel will
already be in the required position for compliance with LCO 3.3.1 Condition A before
Maintenance begins work. At the time of the trip, Operations has the option, per
LCO 3.3.1 Condition A or B, of leaving it in a tripped condition (since one other
channel may already be in bypass) or else bypassing it. Whenever a CPC channel
becomes inoperable, the Maintenance staff would be directed to evaluate the
condition and work towards restoring the channel to operability within the time frame
allotted under LCO 3.3.1 Condition A.

NRC Request #A.12:

The submittal regarding TS 3.3.1 proposes changes that would remove all limiting
condition of operation (LCO) requirements associated with the CPC. Please justify
why no LCO conditions exist in the “after CPC upgrade” TS for the CPC. When
considering your response, please provide more than just a qualitative answer

13



regarding the existence of diagnostics. For example, provide the NEI Technical
Specification Task Force (TSTF) citation addressing the use of online diagnostics as
a justification for eliminating this TS LCO requirement.

APS Response to Request #A.12:

There are many more LCO requirements associated with the CPCs. The CPCS is a
subsystem of the Reactor Protection System (RPS) and provides trips for Low
Departure From Nucleate Boiling Ratio (DNBR) and High Local Power Density
(LPD). Like all other RPS trip functions, there are four channels of CPCs that
provide these trip features. Excluding Conditions E and F, the following existing
LCO 3.3.1 requirements are associated with the CPCs that will not change:

LCO 3.3.1 - Four RPS trip and bypass removal channels for each Function in
Table 3.3.1-1 shall be OPERABLE. (Note that CPCs related functions are #14 &
#15 of Table 3.3.1-1)

Condition A - One or more Functions with one automatic RPS trip channel
inoperable.

Condition B - One or more Functions with two automatic RPS trip channels
inoperable.

Condition C - One or more Functions with one automatic bypass removal
channel inoperable.

Condition D - One or more Functions with two automatic bypass removal
channels inoperable.

Condition G - Required Action and associated Completion Time not met.

In addition, Surveillance Requirements SR 3.3.1.1, SR 3.3.1.2, SR 3.3.1.4, SR
3.3.1.5, SR 3.3.1.6, SR 3.3.1.7, etc. are performed with each CPCS channel.

NRC Request #A.13:

In the discussion of FAT, the submittal states in part, "inputs calculated to exercise

branches in C code."

a. What C code is the submittal referring to?

b. How many lines of code are there?

c. Please rank the code complexity considering and providing: the number of

branches, recursion, function calls, variables, and similar items to help the staff

understand how testing will "stress’ the system.

Please describe the fault injection methods used at the unit or module level.

e. What calculations are performed to determine appropriate exercising of branches
and conditional statements.

o
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APS Response to Request #A.13:

a. The module structure of the legacy CPC was kept the same to a great extent.
Each module in the legacy CPC is represented as a custom function block in the
application. The custom function block is developed using the C language.

b. There are 37312 lines of C code for the CPC, CEAC, Auxiliary CPC (AUXCPC)
and CEA Position Processor (CPP) functions. About 30% of this count is made
up of comments.

¢. The algorithms are coded directly from Appendix A of the CPCS System
Requirements Specification. Appendix A is nearly identical to the legacy CPCS
Functional Specification. Differences are in the area of data format differences
and error corrections. Therefore, the complexity of the code is similar to the
complexity of the original CPCS algorithms.

d. For those modules (custom function blocks) that map to the legacy CPC
module, the existing “Phase 1” test cases were used. For those modules where
the structure of the module had to change due to platform differences, then an
adaptation of the legacy module test case was made. For new modules, new
test cases were developed to test the custom function element. In all cases,
inputs were injected with a number of test case signals to provide a
comprehensive set of tests. Each module is tested individually on the AC160
platform using the Common Q I/O Simulator.

The function chart application is tested as a unit, where all the custom and
standard function blocks are tied together. The unit test program is similar to the
legacy CPCS Phase 2 test program. The CPC application undergoes an Input
Sweep test that validates that the CPC algorithm can initialize from 2000
different initialized input conditions with expected calculated results being
compared with the CPC FORTRAN model for verification. The CEAC
application undergoes a separate Input Sweep program.

The next unit test that is performed is the dynamic test. This is similar to the
Dynamic Software Verification Test (DSVT) in the legacy CPCS. This test uses
digitally simulated inputs and verifies that the CPC and CEAC algorithms
respond correctly to dynamic simulation. The results of these tests are
compared to the CPC FORTRAN model for verification.

The next unit test that is performed is the live input test which is comparable to
the Live Input Single Parameter (LISP) test in the legacy CPCS. The prior tests
were all conducted using simulated inputs to stress the algorithms. This test
verifies the correct connections between the data acquisition system and the
algorithms.

The last unit test is called the One Channel System Test. This test is
comparable to the LISP part 2 in the legacy CPCS. This test focuses on the
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CPCS Channel as a whole. It tests all the man-machine interface (MMI)
requirements and fault detection and reporting requirements.

e. Once the module (Phase 1) testing is complete, the test cases and C source
code for the module will be submitted to an independent team that runs the
same test cases and source code through a branch coverage tool by Liverpool
Data Research Associates (LDRA) to ensure complete coverage.

Westinghouse discussed LDRA testing with the NRC during their NRC audit and
provided additional information to the NRC staff regarding the LDRA testing tool.

NRC Request #A.14:

Please provide the FAT and SAT test procedures and results.

APS Response to Request #A.14:

The FAT test procedures and reports demonstrating the results have been made
available by Westinghouse for NRC review in Westinghouse’s Rockuville office.

The SATs test procedures and reports are not complete at this time. The SAT,
scheduled to be performed later this year during the last week of October, will be
conducted in two phases: post installation prior to declaring the CPCS operational,
and a smaller portion to be performed after the CPCS is operational and the reactor
is at power. Westinghouse personnel are expected to be present during the SAT (in
a support role only).

The portion of the SAT to be performed after the reactor is at power is described in
response #1 to the NRC Reactor Systems Branch RAls (Ref. 3). The remaining
response in this section describes post installation testing.

Initially, dry runs of the official CPCS tests will be performed in a systematic fashion
to assure that the constituent components perform in such a way that the system will
fulfill its design function. These dry runs will be conducted so that any problems,
either with connections or electronics, will be identified and corrected prior to the
actual operability testing of the CPCS.

The following is a summary of the “post installation” SAT to be performed:

Point to Point Check
A point to point check on the below listed circuits will be performed prior to power
application to verify that all connections are correct:

Field inputs to Common Q hamess (all channels)
Field inputs from Common Q harness (all channels)
Auxiliary Protection Cabinet (APC) Contact outputs to Plant Protection System
(PPS) (all channels) '
e APC Contact outputs to control room panel annunciators (all channels)
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Computer Room (Datalink) Contact outputs to annunciators (all channels)
Alarm string (doors, blowers, APC high temps) (all channels)
Fiber Optic paths (all channels)

Power Check

Following installation of the vendor supplied power panel and prior to powering up
any Common Q CPCS equipment, the main power will be applied and the outputs
for the appropriate breakers will be verified to be correct.

Initial Check
An initial check of the CPCs to identify potential problems will be performed as
follows:

Once power has been applied to the system with the I/O simulator connected, a
verification that no unexpected alarms are present or indicated will be performed.

A “dry” run will be performed of the Functional Tests on each channel to identify
any problems.

A heat gun will be applied to the cabinet temperature sensors to verify that a heat
alarm is generated.

An in-situ electro-magnetic and radio-frequency interference (EMI/RFI) test will
be performed by Wyle Labs personnel to test the CPC in an open rack to verify
that the CPC meets RE101, RE102, RS101, and RS103 specifications. Wyle
labs will make recommendations if the CPC fails any of the tests regarding what
type of shielding should be used on the CPC cabinet or rack to meet those
standards.

Annunciator Window Check
A test of annunciators will be performed.

Functional Release Testing
The following tests will be performed to support functional release to operations for
declaring the CPCS operable:

Time Response Tests

This test demonstrates that the reactor trip system response time of the Core
Protection Calculator System (CPCS) is within the limits specified in Updated
Final Safety Analysis Report (UFSAR) Table 7.2-4AA. This test checks the
response time of the DNBR/LPD Calculator System from the time that it receives
an input signal until the time the system outputs a trip signal.

Channel Calibration Tests

These tests ensure each major subcomponent of the CPC computer is
calibrated. Upon completion of system alignment, the proper operation of the
computer is demonstrated by running software test cases, diagnostic programs
and verifying trip and alarm functions.
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¢ Channel Functional Tests
CPCs - These tests verify that the CPC is capable of performing its specified
functions. Operability is proven by running software test cases, diagnostic
programs, verification of trip and alarm functions, Type | and Type |l addressable
constants verification, and routine equipment checks.

CEACs - These tests verify that the CEAC is capable of performing its specified

functions. Operability is proven by running software test cases, diagnostic

programs, verification of trip and alarm functions, a Type |l addressable constant
- verification, and routine equipment checks.

NRC Request #A.15:

In response to plant-specific action item (PSALl) 6.1 in the staff's safety evaluation
report approving the Westinghouse Common Q platform, the licensee’s submittal
discusses the SysRS input/output (I/0) subsystem requirements. If the licensee is
using S600 I/0 modules, please provide an assessment of the S600 1/0 modules
relative to PSAI 6.1.

APS Response to Request #A.15:

APS will be using the S600 I/0 modules in the Palo Verde CPCS. Specifically, the
Al685, DI620, DP620, DO625 and AO650 I/0 modules will be used. However, it
should be noted that the NRC reviewed use of the Al620 module which
Westinghouse has subsequently replaced with the Al685 module. In general, S600
/0 Modules were assessed for performance by ensuring that the overall CPCS
system performance requirements were met. The FATs performed at Westinghouse
have demonstrated that all appropriate performance requirements (e.g., time
response, accuracy, etc.) were met, and therefore APS considers the individual
modules having met their performance requirements for PVNGS.

The S600 I/0 Modules were assessed for seismic and environmental qualification by
ensuring the results of the testing performed by Westinghouse met the PVYNGS
specific seismic and environmental requirements. There were two areas of concern
due to this testing. Each is addressed below.

a. The radiated emissions for the PM646A High Speed Link (HSL) cable exceeded
the specified limits in the frequency range of 10 MHz to 30 MHz by 13db at the
worst case when the Common Q Equipment was tested. Site specific testing (as
discussed in response #A.9) was performed and demonstrated that these high
emissions did not adversely impact other equipment in the affected area.

b. The Al685 (and PM646A) failed to perform satisfactorily at the SSE levels. This

has been determined to not be an issue at PVNGS as discussed in response
#A.9.
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NRC Request #A.16:

Please provide the plant-specific failure modes and effects analysis (FMEA)
mentioned in the licensee’s response to PSAls 6.3 and 6.10. Please include a
diagram of sufficient detail that will allow the staff to review the FMEA to confirm its
adequacy and completeness.

APS Response to Request #A.16:

The FMEA for the Palo Verde Nuclear Generating Station (PVNGS) Core Protection
Calculator System (CPCS), has been made available for NRC review in
Westinghouse’s Rockville office.

NRC Request #A.17:

Please provide the timing requirements of the CPC. In this response, compare the
timing requirements to the CPC response time required by the UFSAR.

APS Response to Request #A.17:
Refer to response #2 to the NRC Reactor Systems Branch RAls (Ref. 3).

B. MAY 14, 2003 RAls

NRC Request #B.1:

The connection of the CPC OM and MTP to the PMS using TCP/IP, has this been
reviewed for non-safety to safety effect to ensure the addressable constants can not
be inappropriately changed?

APS Response to Request #B.1:

The non-safety to safety effect has been evaluated and is discussed briefly in section
6.3.2.1 of the Common Q Topical (Ref 2). The only handshaking that is done is at
the lower levels of the TCP/IP protoco!l handled by the Ethernet interface card and
not the application program. The node box provides an IEEE 7.4.3.2 buffer circuit by
providing separate interface cards and application programs for the Plant Computer
Datalink function and the AF100 communication bus function that connects the OM
and MTP to the AC160 controllers. Should a disruption occur on these lower level
reply (acknowledge) messages, its effect will be isolated to the Plant Computer
Datalink function. In addition, appropriate physical and cyber security measures are
provided to minimize inadvertent, unauthorized, or unapproved changes to both
production process software and backup/disaster recovery software stored on media.

NRC Request #B.2:
Safety-Related MTP uses IRIG-B cards, are they safety related?
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APS Response to Request #B.2:

The IRIG-B card is not safety-related. It has been qualified as associated equipment
to the safety-related flat panel display system. What this means is that the IRIG-B
card has been subjected to the same equipment qualification tests (seismic,
environmental, EMI/RFI), in-situ with the fiat panel display system. This testing
proved that the IRIG-B card does not adversely interfere with the safety-related
function of the flat panel display system.

The time synchronization function only effects the time of day clock and not the
interval timer used by the AC160 for program scheduling. The only adverse effect to
erroneous time is the trip buffer report time stamp and the failed sensor stack time
stamps which have no effect on the CPCS performing its protective functions.

NRC Request #B.3:
Safety-Related MTP uses Win NT, what is the impact to MTP function?

APS Response to Request #B.3:

The Safety-Related MTP has two modes, on-line and maintenance. The Software
Load Enable (SLE) switch is used to change between the two. Windows NT is only
used while in the maintenance mode. While in the maintenance mode, Low DNBR
and High LPD trip contacts will be opened automatically in the affected channel (i.e.,
the channel is tripped). Therefore, Windows NT can only be used when the channel
is tripped and therefore has no impact on the Safety-Related function of the MTP or
the Protection function of the AC160 hardware while in an operating (i.e. untripped)
state.

NRC Request #B.4:
Safety-related MTP and OM uses CI-527 cards, what is impact to MTP function?

APS Response to Request #B.4:

The CI527 card is the AF100 interface for the node box so that it can communicate
with the AC160s. It is a safety-related component that went through equipment
qualification. Its failure would cause the MTP to lose communication with the AC160.
Its failure would have no effect on the CPC performing its protective function.

NRC Request #B.5:

Has the uncertainty analysis IAW procurement spec. been completed and what are
the results?
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APS Response to Request #B.5:

The CPC uncertainty calculations are divided into a "typical" hardware uncertainty
calculation that covers the portion of the process while it is transmitted as an analog
signal and converted to a digital signal, and the portion of the uncertainty while the
information is processed as a digital value. This split is required due to the
completely different approach in calculating uncertainty. The hardware uncertainty
calculation determines the inaccuracies of the equipment up to and including the
analog-to-digital converter. The digital uncertainty considers the inaccuracies of the
algorithms and computational methods, and the machine inaccuracies inside the
computer process. A summary of the results in both of the areas is provided below.

Analog Uncertainty

The installation of the upgraded CPCS involves only the equipment in the
instrumentation cabinets. The field device and the resistance to voltage converter
are unchanged. The only change in any equipment along the signal path from the
process to the point where the signal is digital is the analog-to-digital converter. The
uncertainty of this equipment has been analyzed by APS and has been shown to be
within the bounds already allocated for the analog-to-digital converter of the legacy
CPCS. Therefore, there is no change to the analyses.

Digital/Processing Uncertainty

The processing uncertainties of the Upgrade CPC, defined as those resulting from
the differences in machine precision between CPCS and the more accurate
CPC/CEAC Fortran Simulation, continue to be bounded (as was the case with the
legacy CPCS) by those used in the safety analysis as demonstrated in Table B.5-1
below :

Table B.5-1
Processing Uncertainty Comparison

PVNGS Safety Analysis Assumptions Upgraded CPCS Uncertainties*

DNBR +/-0.0093 DNBR -0.00030, +0.00022
LPD +/-2.204% LPD -0.053%, +0.079%

* These values have been updated based on the most current information from Westinghouse which is
different than that provided by APS to the NRC Reactor Systems Branch on July 10, 2003 (Ref. 3). In
either case, both sets of data are bounded by the PVNGS Safety Analysis.

NRC Request #B.6:

Is software documentation as specified in procurement spec complete and correct?
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APS Response to Request #B.6:

APS considers the software documentation supplied by Westinghouse to meet the
intent of the procurement specification, and is complete and correct. This conclusion
is reached as follows:

1.

Westinghouse has provided to APS the required types of software documentation,
such as System Requirement Specifications, Software Requirements
Specifications, Software Design Descriptions (SDD), V&V documentation and
Software Testing/Analysis documentation.

The format and generic content of each of the documents is consistent with the
expectations within APS. It was not the intent of the PO Spec to require
Westinghouse to follow exactly any of the sample document formats described in
any of the IEEE documents.

APS reviews of the individual documents and an APS lead SQA surveillance audit
conducted at Westinghouse has provided APS with confidence that the specific
content of individual documents and Westinghouse compliance with SQA
requirements has been met. Reviews were typically conducted by the
responsible engineering group within APS. This included OCS Engineering,
Nuclear Fuels Management (NFM), Equipment Qualification (EQ), and EMI/RFI
experts. The NFM department was primarily responsible to ensure that the new
CPCS algorithms were functionally identical to the legacy system algorithms. The
OCS engineering group was primarily responsible to ensure the hardware and its
interfaces would be compatible. When there were discrepancies, comments
would be submitted to Westinghouse. Typically, responses to the comments
would be provided by Westinghouse to development an agreement, and then the
document would be revised to reflect the final understanding. The personnel
most knowledgeable in the area, plus others conducted these reviews. For
example, NFM personnel would review all SDDs, since they were knowledgeable
of the CPC algorithms. OCS Engineering and Maintenance would review the
Hardware Design Descriptions (HDDs). EQ and EMI/RFI personnel would review
qualification reports.

APS also conducted four Critical Design Reviews (CDRs) with Westinghouse.
These CDRs looked at the overall hardware and software design of the system,
helped guide the design, and provided action items to both APS and
Westinghouse to ensure the system to be provided was the system that was both
specified and desired.

APS also observed three FATs. The first two were primarily APS personnel
observing the conduct of the formal FAT procedures. The third FAT was time set
aside for APS to send a cross-functional team to insert different failures, and
conduct tests outside of the scope of the formal FAT procedures. Knowledgeable
APS personnel created a set of potential failures or off normal conditional that
were then placed in the four channel hardware. The response was documented
and compared against expected behavior where requirements existed.
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6. Concerning the last section of 9.5 in the procurement specification, this can not be
validated as complete at this time. The contract with Westinghouse will be closed
after the last milestone payment is made, which is planned for late in 2004. The
forward-looking statements concerning providing additional design documentation
in case of discontinued support are more of an agreement of intent.

7. Concerning the level of effort being done to verify the requirements of Section 7.0
and 9.0 of the procurement specification are being met, there is not a report
documenting compliance with any specific IEEE standard. Reports are not
created by APS to verify and document that each individual procurement
specification section is met. However, reviews of various levels have been
performed. Concerning Section 7.0, Qualification Requirements, APS has had
EQ and EMI engineers as active members of the APS CPC Replacement project.

The EQ engineer has provided the following support:

¢ Provided the input to create section 7.0 of the Procurement Spec, as well as
providing the RRS.

¢ Reviewed and provided comments on EQ related documents provided by
Westinghouse, including test plan and test results.

¢ Traveled to Huntsville to observe one of the seismic tests. A second, non-EQ
engineer also traveled to Huntsville to observe a different seismic test for
Common-Q.

The EMI engineer has provided the following support:

¢ Reviewed and provided comments on EMI related documents provided by
Westinghouse, including test plans and test results.

¢ Traveled to Pittsburgh to support Palo Verde specific supplemental EMI
testing.

¢ Supported plant specific EMI testing at Palo Verde.

NRC Request #B.7:

Has timing analysis completely considered all aspects of timing delay in a 2 out of 4
digital system?

APS Response to Request #B.7:

The timing analysis takes into consideration the cross channel delays of the CEA
data and other assumptions for timing delays (i.e., just missing a program cycle).
The scope of the CPCS replacement is the CPCS computer system only, and not the
input sensors nor the RPS and its 2-out-of-4 relay logic. Therefore the scope of the
timing analysis is for the CPCS replacement only.
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NRC Request #B.8:

Appendix 2 of the topical mentions 4 algorithms running in a CPC processor, the
SysRS has five...which is correct?

APS Response to Request #B.8:

Based on discussion with the NRC on July 17, 2003, no further response to this
request by APS is required.

NRC Request #B.9:

if the CPCS is part of a digital plant protection system, why is the performance of
overall time response testing not considered as discussed in APS response to PSAI
6.127

APS Response to Request #B.9:

Based on discussion with the NRC on July 17, 2003, no further response to this
request by APS is required.

NRC Request #B.10:

FMEA reviewed focuses on field device failures and failures at the card and
communication link level, has a software hazards analysis been performed?

APS Response to Request #B.10:

A Preliminary Software Hazards Analysis was performed as required by the Software
Program Manual (SPM) Software Safety Plan. All potential software safety hazards
were addressed in the design.

. JUNE 5, 2003 RAIls
NRC Request #C.1:
Requirements Traceability Matrix - discussion to clarify its use.

APS Response to Request #C.1:

The Requirements Traceability Matrix (RTM) was primarily used by Westinghouse as
part of the formal V&V effort. APS has reviewed the RTM during an SQA audit in
2002 and while conducting informal thread audits for implementation of requirements
and completion of open software life cycle process items.
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NRC Request #C.2:

Describe the connections that exist between the CPCS channels in the CEAC
processors. How is channel independence maintained?

APS Response to Request #C.2:

Based on discussion with the NRC on June 5, 2003, no further response to this
request by APS is required.

NRC Request #C.3:

The system event log holds up to a certain number of events, is there an LCO for
types of events that may be present in the system event log and explain why/why not.

APS Response to Request #C.3:

There are no specific LCOs for types of events that may be present in the System
Event Log. The System Event Log serves as an operational aide in providing a
visual display of the alarmed condition. CPC or CEAC failures can also be indicated
by alarms on the Operator's Module. Indications on the System Event Log may lead
to channel inoperability after further evaluation and testing. However, numerous
redundant components preclude the requirement to declare a channel inoperable
based on a given failure without further evaluation.

NRC Request #C.4:

What events or errors have occurred on the legacy system during its operation and
how were these corrected?

APS Response to Request #C.4:

Based on discussion with the NRC on July 17, 2003 only a summary of applicable
CPCS LER events and how the issues were addressed in the Common Q CPCS is
required. This summary is provided below:

e LER 2001-001-00 - CPC Aux Trip Actuation
Unit 3 tripped on a CPC Axial Shape Index (ASI) Aux Trip while the plant was
being reduced in power due to Main Turbine vibration problems. The operating
crew did not recognize that CPC ASI trip values were being approached in time to
take action to prevent the trip. There is no graphical trend of CPC calculated ASI
in the legacy CPCS.

Trend displays for ASI have been developed and will be part of the replacement
system. Operations will have a visual display of CPC calculated ASI. In addition,
pre-trip alarms have been developed by APS to warn operators of pre-trip
conditions for a number of CPC Aux trips (AS! included). Aux trip pre-trip alarms
have been previously discussed in response #A.6 of this letter.
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e LER 94-006-00 - CEAC Caused Reactor Trip
CEAC 1 Unit 2 sent erroneous DNBR penalty factor information to all four CPC'’s.
The incident was caused by a calculational failure in the CEAC. Normally the
CEAC will “catch” an error such as this and set a bit that declares the data to
invalid (failed CEAC bit), but in this case the bit was not set. The CPC'’s
interpreted this error as valid data and all four CPC channels conveyed this to the
Plant Protection System resulting in a trip.

The replacement system utilizes 2 CEAC’s per CPC. If a similar event with a
failed CEAC should occur, this would result in tripping only the associated CPC
channel. Additionally, the replacement system has on-board diagnostics running
concurrently with the operational software and the likelihood of an undetected
internal CEAC failure that will allow the CEAC to continue to function is negligible.
Should a CEAC failure be detected, this failure will be annunciated on the OM,
MTP, and control board annunciator system. System Health displays on both the
Operator Module and Maintenance Test panel will indicate the location of the
failed CEAC module. (LERs 89-004-00 and 99-005-00 also document similar
CEAC failures and plant trips. This response applies to both events.)

¢« LER 91-008-00 - RPCB Algorithm Anomaly
This LER is discussed in APS’ original submittal of November 7, 2002 (Ref. 4).

e LER 86-047-00 - CPC Caused Reactor Trip
CPC Channel C Unit 2 performed an auto restart and tripped during a power
ascension test when CPC Channel D was in bypass and CPC Channel Awas in a
trip condition until the test could be completed. Due to the one-out-of-two trip
logic that resulted from the other two channels being out of service, this condition
resulted in a reactor trip. It was determined that an invalid floating point fault
occurred in CPC Channel C resulting in the auto-restart and subsequent trip. The
computer board responsible for this failure was replaced.

With the exception of the Channel C failure, this event demonstrated the proper
operation of the CPCS, whether legacy or Common Q. In normal configuration,
the CPCS functions as a two-out-of-four trip logic to initiate a DNBR/LPD trip to
the PPS. The system will function as a one-out-of-two trip logic if one channel is
bypassed and the other tripped and will respond conservatively if one channel
provides a DNBR/LPD trip.

NRC Request #C.5:

The drawing given in the FMEA shows TCP/IP connections from the OMs (in addition
to the connection from the MTP discussed previously) to what appears to be a LAN
and LAN printer. Discuss how the existence of this connection does not permit
inadvertent changes to addressable constants. What addressable constants can be
changed from the OM?
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APS Response to Request #C.5:

APS response to NRC Request #B.1 applies. The addressable constants are
additionally protected by Cyclic Redundancy Checks (CRCs). If an addressable
constant is inadvertently changed causing the CRC to change, the OM or MTP will
flag the CPC so as not to rely on that flat panel device for constant values.

NRC Request #C.6:

Has an FMEA been performed for the interposing relay panel?

APS Response to Request #C.6:

No failure modes effects analysis (FMEA) has been performed specifically for the
interposing relay panel (IRP). However, the IRP failure has the same effect on the
system as the Digital Output (DO) module failure in the FMEA. A failure of the DO
module or DO channel will result in either energizing or deenergizing an IRP relay.
The IRP relay contact is the interface to the plant and used to drive annunciators or
provide a trip signal to the PPS. A failure of the DO module channel output can not
be detected by the AC160 diagnostics. Likewise a failure of the IRP relay is not seen
by the AC160 diagnostics. In either case the failure is detected external to the CPCS
by an annunciator not actuating when expected, an annunciator inadvertently
actuating, an inadvertent trip signal received by the PPS, etc. Whether the DO
module channel output fails or the associated IRP relay fails, the plant indications
and affects on the PPS are the same. The FMEA contains analyses on the DO and
IRP relay failures.

NRC Request #C.7:

The RCPSSS (Rx coolant pump shaft speed sensor) converts signals from the RCP
shaft speed for use by the DP acquisition cards in each CPCS channel. Is the
RCPSSS new? If not has is been approved by the staff? Why are there not two DP
cards (for RCP) as there are two Al cards for other analog inputs such as Th, Tc and
Pressure?

APS Response to Request #C.7:

Based on discussion with the NRC on June 5, 2003, no further response to this
request by APS is required.

NRC Request #C.8:

WDTs can be implemented in different ways in the Common Q, describe their
configuration for CPC. How will the WDTs be tested?

APS Response to Request #C.8:

The only watchdog timer (WDT) output that causes a channel trip is the CPC WDT.
Should the WDT go off, power is cut off from the contact outputs causing the LPD
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and DNBR trips, pretrips and CWP output to be de-energized, resulting in a channel
trip. In the case of the CEACs, the WDT will cause the CEAC FAIL contact output to
de-energize. For the Aux CPC and CPPs, the WDT will cause their associated
trouble contact outputs to de-energize. The WDTs were tested by resetting the
processors and observing the contact outputs of the CPC, AUXCPC, CEACs and
CPPs.

NRC Request #C.9:

The SPM, section 3.4 discuss SW safety. Under the section, Sequences of actions
that can cause the system to enter a hazardous state, it states that “A...hazards are
identified in the Software Requirements Specification”. Please identify where in the
SRS for the CPCS these are located?

APS Response to Request #C.9:

The CPC replacement project is a unique application of the SPM Software Safety
Plan. This is a digital-to-digital safety-related replacement system. The potential for
software safety hazards was evaluated and all potential software safety hazards were
already addressed in the SRS. This evaluation is documented in the Preliminary
Software Hazards Analysis that was performed in accordance with the SPM.

NRC Request #C.10:

FDR for a CPC discusses interlocks and permissives in section 3.7. A <10%%
reactor power trip and pretrip bypass (with the ability to change the setpoint) is
discussed. Please discuss for the Common Q, how the failure of this bypass or the
failure of the bypass to be automatically removed if reactor power is greater than the
setpoint, does not present a single or common mode failure to the CPCS.

APS Response to Request #C.10:

Based on discussion with the NRC on July 17, 2003, no further response to this
request by APS is required.

NRC Request #C.11:

In the SysRS, a reliability goal of 5x107 failures / channel is mentioned. s this for the
hardware only? Is there a reliability block diagram, fault tree or other analysis
methodology identified to support this value?

APS Response to Request #C.11:

This goal is for hardware only, not software. The Common Q CPCS unavailability is
more than a factor of 13 better that the current value for the CPCS. The 5x107
failures / channel is the assumed availability for the CPCs in the PRA in CEN 327-A,
RPS/ESFAS Extended Test Interval Evaluation. This is strictly a hardware value and
software availability is not included in the formulation of this number.
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D. JULY 17, 2003 RAls

NRC Request #D.1:

Discuss changes in the CPC Channel Functional Tests that differ as a result of
implementing the Common Q CPCS.

APS Response to Request #D.1:

A general description of the changes to the CPC functional test as a result of the
implementation of the Common Q CPC is provided below:

= Atestcartis no longer required. Testing will occur using the installed
maintenance test panel (MTP).

= The CEAC functional test procedures will now be rolled into the CPC functional
test procedures as a result of having CEACs in each CPC channel.

= Auto restarts will not be checked since the new system fails in a HALT condition
rather than auto-restarting.

= Testing will include verifying IRP performance along with the CPC. As previously
performed, test signals generated from the excore drawers (external to the CPCS
cabinet) will be used to verify that the CPC channel generates DNBR and LPD trip
signals to the Plant Protection System (PPS) cabinets. This can only be
accomplished through the IRP. (The PPS trips are placed in bypass before this
test.)

= Software tests that the online diagnostics already monitor continuously will no
longer be checked.

» All addressable constants (ACs) and reload data block (RDB) constants will be
checked via the CRC and system load page.

=  There will be no testing of the CEA Position Isolation Amplifiers which are part of
the legacy system and not the Common Q.

= Steps will be added for checking CPCS system health (e.g., using miscellaneous
displays on the FPD).

NRC Request #D.2:
Clarify PSAI 6.11 response.

APS Response to Request #D.2:

Based on discussions with the NRC staff on July 17, 2003, further clarification was
requested regarding APS’ response to Plant Specific Action Item (PSAI) 6.11. The
following clarification is provided to assure that diversity and defense in depth is
maintained with the installation of the Common Q CPCS:
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1. There are no plans at this time to replace any other “safety” or non-safety plant
control systems with similar computer technology.

2. The backup alarm and indications to warn operators of a CEA misoperation event
(CEA insertion) are still available and will not be changed upon implementation of
the Common Q CPCS.

3. The response time for operator action during a CEA misoperation event (Single
Full-Length CEA Drop Event) is 900 seconds (15 minutes) as stated in section
156.4.3 of the PVYNGS UFSAR. Only the CEA insertion event is considered for
CEA misoperation since a CEA withdrawal event is backed up by a high
pressurizer pressure trip whereas a CEA insertion event has no backup automatic
trip.
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SCOPE

it is the intent of this Scope to require all Services (Engineering),
Procurement of Equipment and Services necessary to design, fabricate,
test, deliver, and startup a new Core Protection Calculator / Control
Element Assembly Calculator (CPC/CEAC) system for the Palo Verde
Nuclear Generating Station (PVNGS). The CPC/CEAC system shall
consist of the NRC approved, safety related, microprocessor-based,
“Standard Platform” system to be installed in all three PVNGS units, the
two plant training simulators and the Operations Computer Systems |
(OCS) development center. The system shall be provided complete with
all accessories, documentation and support services necessary to meet
the requirements of this specification.

WORK NOT INCLUDED
The following work and services will be furnished by APS:
Replacement of DNBR and LPD meters.

Provide design reviews and comments of major system components,
design documents and schedules. APS will perform design reviews and
project oversight to ensure the design meets this specification and the
project is being conducted satisfactorily.

Labor for unloading, handling, inspection, storage and installation of
Contractor's Equipment at the installation locations.

Heated/Cooled, dust and humidity controlled rooms for equipment located
in the control room area. Field located and remote area equipment
conditions are defined in section 7.3.

Foundation and anchor bolts for equipment mounting in accordance with
Contractor’s drawings.

All conduit, cables and wiring external to the equipment furnished, internal
cabling from the field side of the existing field terminal boards. |

Electrical power to the equipment enclosures, rated at 120 VAC +/- 10%,
60 Hz +/- 5%, ungrounded.

Installation labor, craft support for field testing, and overall supervision at
the site.
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2.9 Alltools required for installation, except special tools and equipment
furnished by Contractor.

2.10 All equipment and material, including calibration and installation,
specifically listed as being supplied by APS.

2.11 A connection to the Power Plant Ground grid.

2.12 Field painting for all APS supplied field equipment. Minor touch up
painting on Contractor furnished equipment can be accommodated.
Contractor shall provide all appropriate painting materials for touch up
painting.

2.13 Moaodification of existing equipment cabinets to facilitate installation of
contractor’s equipment.

2.14 Performance of the setpoint engineering and analysis work. Also see
section 5.4.5.

2.15 A NQR CPC to PMS Data Link will serve as an interface between the new
CPC system and the PMS. This interface is required to translate the data
from a format sent by the CPCS to a format that the PMS computer can
accept. The CPC to PMS Data Link will also provide additional functions
that will be difficult or costly to implement in the Q CPC system. These
functions will include Pre-Trips for CPC Auxiliary Trips and other abilities
as outlined in a separate specification.

Core Protection Calculator Replacement Specification 60f52 |



Specification 13-JN-1000
Revision 2

3.0 DEFINITIONS AND ABBREVIATIONS
DEFINITIONS

Class 1E - The safety classification of the electronic equipment and
systems that are essential to emergency reactor shutdown, containment
isolation, reactor core cooling, and containment and reactor heat removal,
or otherwise essential in preventing significant release of radioactive
material to the environment.

Active Component - A component in which mechanical movement must
occur in order to complete the component's intended nuclear safety
function. A failure occurs when the component does not complete its
intended nuclear safety function upon demand. Spurious action of a
powered component originating within its actuation system is regarded as
an active component failure unless specific design features or operating
restrictions prelude such spurious action. Examples of active component
failures include the failure of a powered or manual valve to move to its
correct position, the failure of an electrical breaker or relay to respond or
the failure of a pump, fan, or emergency generator to start.

Anticipated Operational Occurrences — Those conditions of normal
operation that are expected to occur one or more times during the life of
the plant. In particular, the occurrences considered include single
operator errors or single component or control system failures resulting in
transients which could lead to a violation of acceptable plant and fuel
design limits if protective action were not initiated.

Contractor - The company contracted to furnish the computer system
defined by this specification. Westinghouse Electric Company LLC was
awarded this contract 12/20/00, and is the Contractor.

Departure From Nucleate Boiling Ratio (DNBR) - DNBR is the ratio of

Critical Heat Flux to actual heat flux. Critical Heat Flux is that value of
heat flux at which DNB occurs. It is assumed that when DNB occurs in
the limiting coolant channel, the cladding fails since the differential
temperature across the film layer adjacent to the cladding becomes very
large.

Design Basis Accident - Those assumed accident conditions that, if
uncontrolled, could result in radiological releases from the power plant.

Factory - contractor's facility used to integrate the computer system.

Field Proven - System hardware and software that is in operation at an
operating nuclear plant.

Core Protection Calculator Replacement Specification 7 of 52 |



Specification 13-JN-1000
Revision 2

Firmware - The combination of software and data that resides in read-
only memory.

Fuel Design Limits - The DNBR, in the limiting coolant channel in the
core, shall not be less than a preset minimum value. The peak local power
density (LPD), in the limiting fuel pin in the core, shall not be greater than
a preset value, which corresponds to the onset of centerline fuel melting.

HMI - Human-Machine Interface consisting of a color graphics monitor, a
display processor and input device(s).

HMI Response Time - The time interval from the request of a new HMI
screen display to the completion of the display.

Human Factors - A coherent, integrated set of activities aimed at an
engineering program improving human-plant interface designs in a cost-
effective manner.

Local Power Density (LPD) — A calculated core peak power expressed in
linear heat rate (KW/ft) in the limiting fuel pin in the core.

On-Site (or Site) - Locations within the Palo Verde Nuclear Generating
Station that are controlled with respect to access by the general public.

Operating Basis Earthquake - That earthquake which, considering the
regional and local geology and seismology and specific characteristics of
local subsurface material, could reasonably be expected to affect the plant
site during the operating life of the plant. It is that earthquake which
produces the vibratory ground motion for which those features of the
nuclear power plant necessary for continued operation without undue risk
to the health and safety of the public are designed to remain functional.

Operating Environment - The hardware and software which is needed to
support the use of a software application or system. (e.g., operating
system software, communications software/hardware, compiler, etc.).

Passive Component - A component in which mechanical movement does
not occur in order for the component to perform its intended nuclear safety
function. A failure is the structural failure or plugging of a passive
component so that it does not perform its intended nuclear safety function.
For fluid pressure boundary components, a passive component failure
results in a break of, or crack in, the pressure boundary. Passive
components include piping, and cables. (During the period of design for
the safety injection system, a check valve failure is also considered a
passive failure).
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Plant Units - Palo Verde Nuclear Generating Station.

Power Susceptibility Profile - An AC power susceptibility profile is
defined by a curve showing Voltage Deviation vs. Disturbance Duration.
The curve shall show both over voltage and under voltage situations.

Purchaser - APS, as agent for the Owners of Palo Verde Nuclear
Generating Station.

Quality Assurance - All those planned and systematic actions necessary
to provide adequate confidence that a system or component will perform
satisfactorily in service.

Quality Class Q - Any structure, system, or component which, as a result
of being defective, could cause or increase the severity of a nuclear
incident that would impose undue risk to the health and safety of the
public, shall be designated Quality Class Q. All engineered safeguard
systems fall within this classification. For items in this classification, the
requirements of 10 CFR 50, Appendix B, as interpreted by ANSI N45.2-
1971 shall be met to ensure the highest quality standard.

Quality Class QAG - Those items not included in Quality Class Q, which
perform no safety function, but on which APS has made a regulatory,
management directive, or UFSAR commitment to include them within the
scope of the APS NA Program. The quality requirements of Quality Class
QAG items may be similar to those for Quality Class Q except that 10
CFR 50, Appendix B is not applicable.

Quality Class NQR - Any structure, system, or component not included in
Quality Class Q or QAG shall be designated as Quality Class NQR. In
general, the quality requirements for equipment in Quality Class NQR will
be the industry standard.

Response Time - The design basis for reactor protective system
response times are the values assumed in the plant safety analysis used
to establish reactor protective system trip setpoints. Initial values for time
response and uncertainty are determined from test and analysis of the
RPS and its associated instrumentation. These values are then used as
input values to the transient analysis described in Chapter 15 of the
UFSAR. A value is calculated for each setpoint such that the protective
function of the system will be met if the sensor and processing system
time delays and inaccuracies are maintained within the maximum values
assumed in the analyses. The values for time delay and uncertainty then
form the basis for values of response time and accuracy documented in

Core Protection Calculator Replacement Specification 9 of 52 |



Specification 13-JN-1000
Revision 2

the Plant Technical Specifications and Periodic Test, Surveillance and
Calibration Procedures and then become a requirement for the system.

Safe Shutdown Earthquake/Design Basis Earthquake - That
earthquake which is based upon an evaluation of the maximum
earthquake potential considering the regional and local geology and
seismology and specific characteristics of local subsurface material. Itis
that earthquake which produces the maximum vibratory ground motion for
which certain structures, systems, and components are designed to
remain functional.

Safety Systems - Those systems that are relied upon to remain functional
during and following design basis events to ensure (i) the integrity of the
reactor coolant pressure boundary, (ii) the capability to shut down the
reactor and maintain it in safe shutdown conditions, or (iii) the capability to
prevent or mitigate the consequences of accidents that could result in
potential off-site exposures comparable to the 10 CFR Part 100
guidelines.

Seismic Category | - Structures, systems, and components which are
important to safety and are designed to remain functional in the event of a
Safe Shutdown Earthquake (SSE), are designated as Seismic Category |.
In addition, Seismic Category | structures, systems, and components are
designed to remain functional and within applicable stress and
deformation limits (elastic range of materials) when subjected to the
effects of the vibratory motion of the Operating Basis Earthquake (OBE) in
combination with normal operating loads.

Seismic Category Il - Seismic Category Il structures, systems, and
components are those non-seismic Category | structures, systems, and
components which are essential to power generation or whose failure
could cause a safety hazard to station personnel.

Seismic Category lll - Seismic Category Il structures, systems, and
components are those not designated as Category |, 1l or IX structures,
systems, and components. Floor or wall-mounted Seismic Category |
components shall be designed to withstand an equivalent static seismic
load of 0.05g times the mass of the equipment in any direction applied to
the center of gravity of the component, and not experience any structural
failure of that part of the component that is secured to the foundation.
Seismic Category Il tanks and structures shall meet the Uniform Building
Code for Seismic Zone 2.

Seismic Category IX - Seismic Category IX structures, systems, and
components are those non-seismic Category |, 11, or lll structures,
systems, and components including the associated supporting structure
that must be designed to retain structural integrity during and after a
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seismic event, but do not have to retain operability for protection of public
safety. The basic requirement is prevention of structural collapse and
damage to equipment and structures required for protection of the public
safety.

Simulator - Palo Verde Control Room Training Simulators.

Software - Sequence of instructions suitable for processing by a
computer, along with procedures, rules and associated documentation
and data pertaining to that processing.

Software Confiquration - A collection of software elements treated as a
unit for the purposes of control.

Standard Platform - The COMMON QUALIFIED PLATFORM as defined
by Westinghouse Electric Company LLC, in CENPD-396-P, Rev. Latest;
CENPD-396-P, Appendix 1, Rev. Latest; Appendix 2, Rev. Latest;
Appendix 3, Rev. Latest; Appendix 4, Rev. Latest; and CE-CES-195, Rev.
Latest.

Specification - This document, including all attachments.

System - The entire assembled equipment, including all operating system
and application software.

Train - The designation applied to a given system or set of components
that enables the establishment and maintenance of physical, electrical,
and functional independence from other redundant sets of components.

Validation - The process of evaluating the system at the end of the
development process to ensure compliance with its requirements.

Verification - The process of determining by review and/or alternate
calculations and testing (when possible) whether or not the products of a
given phase of the system development cycle fulfill the requirements
established during the previous phase.
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Acronyms/Abbreviations
AC Alternating Current
ANS American Nuclear Society
ANSI American National Standards Institute
APC Auxiliary Protection Cabinet
ARC Auxiliary Relay Cabinet
ARO After Receipt of Order
ASGT Asymmetric Steam Generator Transient
CD-ROM Compact Disc — Read Only Memory
CEA Control Element Assembly
CEAC Control Element Assembly Calculator
CEAPDS Control Element Assembly Position Display System
CEDM Control Element Drive Mechanism
CFR Code of Federal Regulations
CP Control Panel
CcPC Core Protection Calculator
CPCS Core Protection Calculator System
CPU Central Processing Unit
CRT Cathode Ray Tube
DC Direct Current
DNBR Departure from Nucleate Boiling Ratio
ESFAS Engineered Safety Feature Actuation System
FAT Factory Acceptance Test
FPD Flat Panel Display
HMI Human-Machine Interface
HSL High Speed Link
110 Input/Output
IEEE Institute of Electrical and Electronics Engineers
IRP Interposing Relay Panel
ITP Integrated Test Processor
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LPD Local Power Density
MCB Main Control Board
MTP Maintenance and Test Panel |
NA Nuclear Assurance
NI Nuclear Instrumentation
NRC Nuclear Regulatory Commission
NUREG Nuclear Regulation
oM Operators Module (new)
PC Personal Computer
PCI Personal Computer Interface
PMS Plant Monitoring System
PPC Process Protective Cabinet
PPS Plant Protection System
PVC Polyvinyl Chloride
QA Quality Assurance
RCPSSS Reactor Coolant Pump Speed Sensing System
RDB Reload Data Block
REG Regulation/Regulatory
REV Revision
ROM Remote Operators Module (old)
RSPT Reed Switch Position Transmitter
SAT Site Acceptance Test
STD Standard
TCP/IP Transmission Control Program/ Internet Protocol
UFSAR Updated Final Safety Analysis Report
USNRC United States Nuclear Regulatory Commission
V&V Verification and Validation
VAC Volts Alternating Current
VME Virtual Memory Extension
VOPT Variable Overpower Trip
WDT Watch Dog Timer
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CODES AND STANDARDS

This section describes those regulatory documents, codes and standards,
and regulatory commitments which are directly applicable to the design,
procurement, manufacture, installation, testing, operation, modification
and maintenance of the system and its components and constituent parts.

The contractor will comply with the codes and standards applicable to the
provided equipment.

Nuclear Regulatory Commission (NRC).

USNRC Reg. Guide 1.152 Criteria for Digital Computers in Safety
Systems of Nuclear Power Generations
Stations.

USNRC Reg. Guide 1.168 V&V, Reviews, and Audits for Digital Computer
Software Used in Safety Systems of Nuclear
Power Generation Stations.

USNRC Reg. Guide 1.170 Software Test Documentation for Digital
Computer Software Used in Safety Systems of
Nuclear Power Generating Stations.

USNRC Reg. Guide 1.171 Software Unit Testing for Computer Software
Used in Safety Systems of Nuclear Power
Generating Stations.

USNRC Reg. Guide 1.172 Software Requirements Specifications for
Computer Software Used in Safety Systems of
Nuclear Power Generating Stations.

USNRC Reg. Guide 1.173 Developing Software Lifecycle Processes for
Computer Software Used in Safety Systems of
Nuclear Power Generation Stations.

USNRC Reg. Guide 1.75 Physical Independence of Electrical Systems.

10CFR20 Standards for Protection Against Radiation.

10CFR21 Reporting of Defects and Noncompliance.

10CFR50 Appendix A Licensing of Production and Utilization
Facilities, General Design Criteria for Nuclear
Power Plants.
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10CFR50 Appendix B Quality Assurance Criteria for Nuclear Power

Plants.
10CFR50 Appendix | Numerical Guides for Design Objectives and
Limiting Conditions for Operation.
NUREG-0737 Requirements for Emergency Response
Capability.

4.2 American National Standards Institute (ANSI) Standards.

ANSI/ANS 3.5-1998 Nuclear Power Plant Simulator for Use in
Operator Training and Examination.

ANSI/ANS 7-4.3.2-1993  Standard Criteria for Digital Computers in Safety
Systems of Nuclear Power Generating Stations

ANSI C37.90.1 1989 Standard Surge Withstand Capability (SWC)
Tests for Protective Relays and Relay Systems

ANSI/ANS N45.2.2-1972 Packaging, Shipping, Receiving, Storage and
Handling of Items for Nuclear Power Plants.

4.3 Institute of Electrical and Electronic Engineers (IEEE) Standards.

279-1971 Criteria for Protection Systems for Nuclear
Power Generating Stations.

308-1974 Criteria for Class 1E Electrical Systems for |
Nuclear Power Generating Stations.

323-1983 Standard for Qualifying Class 1E Equipment
for Nuclear Power Generating Stations.

338-1975 Standard Criteria for the Periodic Testing of
Nuclear Power Generating Station Protection
Systems.

344-1975 Guide for Seismic Qualification of Class 1E

Equipment for Nuclear Power Generating
Stations.
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383-1974

379-1972

384-1974

610.12-1990
730-1994

802.3 Part 3:

828-1990

829-1983

830-1998

1008-1987
1012-1986

1016-1987

1016.1-1993
1028-1988

1044-1993

1063-1987

1074-1995
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Guide for Type Test of Class |IE Electric
Cables, Field Splices and Connections for
Nuclear Power Generating Stations.
Trial-Use Guide for the Application of the
Single Failure Criterion to Nuclear Power
Generating Station Protection Systems.

Trial-Use Standard Criteria for Separation of
Class 1E Equipment and Circuits.

Standard Software Engineering Terminology.
Software Quality Assurance Plans.

Carrier sense multiple access with collision
detection (CSMA/CD) access method and

physical layer specifications.

Standard for Software Configuration
Management Plans.

Standard for Software Test Documentation.

Recommended Practice for Software
Requirements Specifications.

Standard for Software Unit Testing.
Software V&V Plans.

Recommended Practice for Software Design
Descriptions.

Guide to Software Design Descriptions.
Standard for Software Reviews and Audits.

Standard Classification for Software
Anomalies.

Standard for Software User Documentation.

Software Lifecycle Process.
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1233-1996 Guide for Developing System Requirements
Specifications.
44 Other
UL 910 Underwriter's Laboratory Fire & Smoke Test.
NEI/NUSMG 97-07 Nuclear Utility Year 2000 Readiness. |
Addendum - A-01 General Drawing and Data Requirements. |
Addendum - A-02 Project Classification System. |
Addendum - A-05 Supplier Quality Class Q and QAG Program |
Requirements.
Addendum - A-13 Instrumentation For Package Systems. |
Addendum - A-14 Surface Preparation and Coating
Requirements for Ferrous Metal Surfaces to
Be Installed Outside the Containment
Building.
Addendum - A-21 Instruction Manuals And Spare Parts List |
For Equipment.

45 Compliance with Codes and Standards

4.5.1 The contractor shall comply with the above list of codes and
standards.

4.5.2 The contractor will design the replacement CPCS in accordance
with Reg. Guide 1.153, which endorses |IEEE 603-1991, “IEEE
Standard Criteria for Safety Systems for Nuclear Power Generating
Plants”, as augmented by the new Branch Technical Positions
HICB-1, 2, 3, 6, and 9-12 of the new Standard Review Plan.

4.5.3 In addition to the standards and regulatory guides described above,
the contractor shall provide to the purchaser a replacement Core
Protection Calculator System that will meet all standards as listed in
the Common Q Topical Report, CENPD-396-P, Rev. Latest. The |
draft 10CFR 50.59 evaluation that shall be developed by the
contractor to determine whether or not this modification can be
implemented without prior NRC approval, will provide a detailed
description to the standards, regulatory guides and NRC licensing
positions that define the requirements for the existing system.
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5.0 CONDITIONS OF SERVICE AND GENERAL REQUIREMENTS

The replacement systems will replicate the functions of the existing systems.
Each of these items being provided under this Purchase Specification is
described in the following section.

The CPCS system in each unit shall be replaced with four Quality Class Q /
Seismic Category | channels of equipment (channels A, B, C, and D) which
acquires and processes four channels of inputs. The four channels of equipment
are located inside the Auxiliary Protection Cabinet (APC) in which each channel
is physically separated and isolated from each other. A Human-Machine
interface (HMI) will be located on the Main Control Board (MCB) in the Control
Room, and also in each APC. The replacement of CPCS shall be based on a
“Standard Platform”. This “Standard Platform” and its Class 1E applications must
pass the review and approval of the USNRC.

The CEA Display shall be replaced with a Quality Class QAG / Seismic Category
IX CEA Position Display System (CEAPDS). The Palo Verde CEAPDS will be
located at the Main Control Board (B04) and will be connected to the CPC

system through fiber optically isolated Ethernet links. A color FPD shall be
provided for mounting in BO4 and displaying the CEA rod positions. The FPD
viewing area should be between 18” and 21”. |

5.1  The CPCS portion of the Palo Verde CPCS replacement described herein
provides the following replacement systems:

5.1.1 Three Safety Related Core Protection Calculator Systems (one
system per unit, four channels per system, including an Operators
Module (OM) and Maintenance and Test Panel (MTP) per channel). |

5.1.2 Safety Related Control Element Assembly Calculators (two per
channel).

5.1.3 Three Non-Safety related, QAG and Seismic IX Control Element
Assembly Position Display Systems (one channel per unit).

5.1.4 Each channel shall also include the following hardware:

o Three AC160 Racks (CPC, CEAC 1 and CEAC 2) including all
processor and /O modules.

e A Common Q Power Supply Assembly including chassis, RSPT,
Auxiliary power supply modules and cooling fans.

¢ Two cabinet temperature sensors.

¢ AF100 fiber optic modems for interfacing with the control room |
mounted OMs.

o HSL fiber optic modems for isolation between channels. |
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¢ Fiber optic cables for those links between channels within the |
APCs

o Miscellaneous support items (relays, termination assemblies,
staging racks, and mounting hardware for the APCs and the
staging racks, etc.)

5.2 The Palo Verde CPCS replacement described herein also provides the
following new equipment:

5.2.1 One Safety Related “Standard Platform” Single Channel System, |
with OM, MTP, CEAPDS (the CEAPDS is Non-Safety related, QAG
and Seismic I1X) which includes the following hardware.

o Three AC 160 Chassis including all processor and I/O modules.
¢ One Common Q Power Supply Assembly, including chassis,

RSPT, Auxiliary power supply modules and cooling fan

assembly.

Two cabinet temperature sensors.

AF 100 fiber optic modems for interfacing with the OMs.

fiber optic cables for the AF100 FO modems

HSL fiber optic modems.

HSL fiber optic cables.

One two bay staging rack for mounting the single channel

equipment.

¢ Termination interface to allow the connection of the I/O

simulator.

5.2.2 Four Non-Safety Related Common Q I/O Simulator Systems (one |
system per unit to be used for surveillance testing, and one system
for the Single Channel Development System) which include the
following hardware.

e One rack with casters for mounting the equipment.
¢ /O chassis for the I/O and processor cards needed for |
simulating the CPCS signals.
One FPD
One keyboard and mousef/trackball assembly.
Connector interface for easy connection of cables between the
I/0 simulator and the CPCS.
e Cable assembilies of sufficient length for connection between
the I/O simulator and the CPCS.

5.3 The Palo Verde CPCS replacement described herein also provides for the
following new equipment for the plant training simulators:

5.3.1 Eight Non-Safety Related Operator Modules (four per plant training
simulator).
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5.3.2 Two Non-Safety Related Control Element Assembly Position
Display Systems (one per plant training simulator).

5.3.3 The same software provided to the actual plant system will be
provided and used in the simulator, with one exception. Existing
CPCICEAC codes that are written in Fortran shall be provided for
simulator use. The contractor has no responsibility for interfacing
the provided hardware and software with the plant training
simulator, except to provide documentation of data formats and
protocols of the information flow for these devices and the
communication software (AF100 for the OMs and Ethernet for the
CEAPD).

5.4 CPC/CEAC system overall performance requirements.

5.4.1 The system contractor shall provide a replacement CPC/CEAC
system with, at minimum, the same functionality of the existing
system.

5.4.2 The safety related CPCS Replacement system time response will
meet or be faster than the time response requirements of the
existing system.

5.4.3 The CPC Power Indication Calibration shall be automated on all
channels of the OM. This calibration is described in Palo Verde
procedure 40ST-9NIO1. This shall include the following |
characteristics:
¢ The ability for the operator to manually enter CAL PWR using

the OM touch screen.

* The routine would smooth the CPC input data by averaging the
last 10 values for TC1, TC2, PHICAL, BDTD and M.

¢ The routine would display all input data, intermediate
calculations and final results, displaying new addressable
constants next to old addressable constants. Old and new
calculated power would also be displayed.

e The routine would update addressable constants after
confirmation by the operator.

» A data file with the information associated with the above
calibration (except the smoothed values) would be broadcast to
the PMS computer via the Ethernet link to the APS provided
CPC to PMS Data Link (reference section 2.15).

5.4.4 The CPC/CEAC algorithms shall remain functionally identical to the
existing algorithms to eliminate the need for a NRC review.
However, the following changes shall be made.
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Enhance the RPCB bit flag in the RPCB module (in the CEAC
algorithm) so that it has the ability to discern a rod slip.

¢ A means shall be provided to re-set the correct CEA position
after a rate-of-change error has cleared. Note — this is not
considered an algorithm change.

5.4.5 All components and equipment replaced under this modification,
including the CPCS, shall be designed to meet or exceed the
instrumentation uncertainty and display resolution of the original |
equipment being replaced. Formal calculation of hardware and
processing uncertainty for the new CPCS equipment shall be
provided by the contractor consistent with ISA S67.04
methodologies and station procedures. Also see section 2.14.

5.4.6 Allinterfaces to other plant systems shall be compatible with the
current system capabilities and requirements, including field inputs,
output to board mounted indicators, trip relay contacts, power
supplies and plant annunciator system contacts, unless specifically
addressed elsewhere.

5.4.7 To aid in ease of system use by operators, the replacement system
shall provide English descriptors for all Point IDs and shall not
require any hexadecimal decoding by the users. The definition of
Point ID is: a number that can be used to call up a tag name
(database variable) using the standard display.

5.4.8 Modify DNBR Margin analog output to increase the Operators
ability to read DNBR. Modify the output to be 0.0 to 2.0 DNB for a
full scale range of output voltage of 0 — 10 VDC.
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6.0 CPCS DESIGN, MATERIALS AND CONSTRUCTION OVERVIEW

6.1 The CPC System shall be installed into the existing APC. The existing
CPC/CEAC cabinet equipment will be removed and the new equipment
installed in its place. Modifications to the cabinet to install the new system
shall be minimized. Contractor shall provide the design to modify the
existing Auxiliary Protection Cabinets (APCs) to accept the new
CPC/CEAC system. This shall include any analysis or testing required to
support the Seismic Category 1 re-qualification in accordance with IEEE
344-1975. The design shall utilize the existing rails, attaching the chassis
to the rails using clip nuts (or an equivalent) or by attaching a standard
mounting rail to the existing rail. The design shall accommodate the
existing field terminal boards. The equipment currently in the cabinets that |
is not replaced by this modification shall remain installed as is, so as to not
require removal, reinstallation and retest. The exception to this
requirement is the IRIS, which shall be moved to accommodate the new
equipment.

6.2 In order to minimize the installation time and to test the system as
completely as possible, the contractor shall build staging/shipping racks
that reflect and emulate the design of the existing APC. These racks shall
be designed with mounting rails and terminal blocks located in the same
position as the existing APC. This will allow the contractor to assemble
and wire each rack of equipment in the same position as it will be installed
in the plant. The CPCS shall be wired such that the wire bundles in the
staging racks can be easily removed and placed in the APC with minimal
effort. The replacement design shall reuse existing field cabling and field
wire connections.

6.3  The contractor shall build all four channels of equipment into staging
racks. Forthe Factory Acceptance Test, the contractor will connect the
four channels together as they would be connected in the plant. All four
channels of input signals shall be simulated, thus providing a complete
system-testing platform for the FAT. In this way, the contractor can
assemble and test the system in the configuration in which it is to be
installed and operated. This will provide a high level of confidence on the
operation of the system prior to installation.

6.4 The CPCS shall consist of four CPC channels per Palo Verde unit and two
CEACs per channel. Each channel shall receive all of the Reed Switch
Position Transmitter (RSPT) signals thus allowing each channel to
perform a CEAC 1 and CEAC 2 calculation. The target rod position
information for each channel will be received by the CPC processor via
High Speed Link (HSL) from the CEACs. The CEACs will receive the
RSPT signals via the HSL via global memory from the CPPs. The RSPT
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signals are input to the 1/O chassis where they are converted to a digital
value via the CPPs. The digital values are then transmitted to all four
channels using a HSL. These links shall be fiber optically isolated
between channels to meet the separation criteria of IEEE-384. The fiber
optic cable is a medium that is not susceptible to EMI noise and provides
separation between channels as is required for a safety system. There
shall be two high-speed serial links provided between each channel. The
links shall be wired such that the primary and the backup links are
terminated to two different processor modules so that a failure of one
module would not prevent receiving information from the transmitting
channel.

6.5 Each CPCS channel shall receive two HSL data links, a primary link and a
backup link, from each channel (a total of six links). The CPC/CEAC shall
first check to see if the primary link is active and if not, then uses the
backup link for those RSPT signals. The data received across the HSLs
result in each channel receiving all of the RSPT1 and RSPT2 signals so
that each channel can perform a CEAC1 and CEAC2 calculation. The
penalty factor outputs of CEAC1 and 2 shall be input to the channelized
CPC calculation.

Since all of the RSPT signals are available, the new CPCS shall have the
capability to allow some signal substitution or bypass to occur ,
(administratively controlled). The signal substitution shall be manually
initiated from the Operators Module or the Maintenance and Test Panel.
This will make it easier to handle the failure of an RSPT (RSPT 1 or RSPT |
2). This feature is not believed to require the approval of the NRC before
implementation is allowed.

6.6  There are four existing CPCS Remote Operator’s Modules (ROM), one for
each channel, mounted in the main control room. The new CPCS
Operator’s Module shall be implemented using a “Standard Platform” Flat
Panel Display System. The CPCS shall talk to its Operator’'s Module
through a fiber optically isolated “Standard Platform” field bus interface.
The Operator Module shall have the following characteristics:

6.6.1 Replace the existing Remote Operators Module with a color
touch screen Flat Panel Display.

6.6.2 The ability to view CPC and CEAC information a page at a time
versus one value at a time.

6.6.3 All PIDs shall also have appropriate English descriptions or tag
names.
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6.6.4 The ability to view a minimum of 10 addressable constants on a
single display page.

6.6.5 The ability to list the last twenty (20) sensor failures with a Time
of Day and date stamp.

6.6.6 An improved Trip Buffer Report that contains three copies of the
Trip Buffer; two copies before the trip, and one copy when the
trip occurred.

6.6.7 The ability to display the Trip Buffer Report, providing for paging |
through the report a page at a time.

6.6.8 Allows the user to select which PIDs to display on a PID groups
page.

6.6.9 Provides an emulation of the existing Remote Operator's
Module keypad and displays on the screen what would be
shown on the Point ID Display.

6.6.10  Provides the ability for signal substitution of up to 3 RSPT
signals per channel. |

6.6.11  The OM/MTP shall have a “pop up” LCO alarm text box for the
alarm buttons displayed on the screen.

6.6.12  Shall not require the operator to manually re-enter Type 1 or 2
addressable constants for any of the following conditions: loss
of power and restoration, preventative maintenance,
surveillance testing or functional testing (if this specific testing is
required). l

6.6.13 A standard CEAC page should display penalty factors.

6.6.14  Display pages specifically designed to provide channel health
status shall be provided.

6.6.15  An updating display page shall be provided that illustrates a
block diagram of the system for system health determination.

6.6.16  The OM shall be designed so that Maintenance and Software
loading shall be conducted from outside the control room
horseshoe (i.e. behind the OM, preferable from a CD-ROM). |

6.6.17  The OM should fit in the panel cut out of the existing ROM with
as little modification of the cut out as possible. Zeus fasteners or
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their equivalent are recommended, using the same bolt holes, if
possible. Unless required for seismic qualification, there is no
need to use all 12 of the existing bolt holes.

6.6.18  Atotal of at least 25 display pages should be created for the |
OM. These pages shall be approved by the purchaser, and shall
include the following pages:

ASI plot page (canned and calculated ASI values).

Alarm status indication shall be present on every page. l

View addressable constants.

Change addressable constants when Function Enable

Keyswitch is enabled (always showing PIDs 406 and 179).

o Display sensor failures, including the time and failure mode
of at least the last twenty sensor failures.

s Display the CPC trip buffer report or snapshots for CEAC 1
or2.

¢ User PID group display page that allows the displaying of a
minimum of 40 online operator selectable dynamic point ID |
values and English descriptors on multiple pages (at least
ten at a time). A user interactive display will be used to
define point IDs to be displayed on each page.
11 fixed PID group display pages as defined by APS. |
A page to emulate the old ROM, but with additional English
descriptors for point ID values, to minimize training required
to use the new displays.

e ST Automation page for NI01 Surveillance Test. This page
will allow the operator to input the calorimetric power and
have the OM or MTP calculate and update the new
addressable constants for the CPC.

¢ A page that shows in graphical form a block diagram of the
channel.

¢ Channel health page for Module Failures/errors, including a
historical display of at least the last thirty system diagnostic
failure conditions.

« Display directory. '

(item deleted)

e Adisplay page with CEAC 1 and 2 information displayed
side by side.

e A DNBR and LPD trending page used when COLSS is out of |
service. Reference PVNGS procedure 72ST-9RX03.

* A Technical Specification Channel Check display consisting

of a single page of dynamic data, with English descriptors or

tag names, to facilitate periodic CPC/CEAC related

Technical Specification channel checks.
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¢ Each page will have a “Print Screen” icon. Depressing this
icon will save the screen as a bitmap file and transmit this
file across the Ethernet to a printer where it will be printed.

6.7 The Maintenance and Test Panel (MTP) shall also be implemented using |
a “Standard Platform” Flat Panel Display System, for diagnosing the
system and displaying the same information as the Operator’s Module.
The MTP shall have the following characteristics:

6.7.1 The MTP shall have all the same characteristics of the OMs,
except as modified below.

6.7.2 Provide a color touch screen Flat Panel Display in the APCs for
initiating testing for each of the four channels.

6.7.3 Used off-line for loading software to the CPCS processor
modules.

6.74 Shall have the same display pages as the OM, with the addition
of pages for maintenance and testing functions, and can be
used as a backup for the Control Room OM.

6.7.5 The MTP will have a menu driven Surveillance/Test Mode or
addressable constants page that supports the following
activities.

CPCS Surveillance Test

CEAC/CPP Surveillance Test

Save Addressable Constants to MTP Removable Media
Load Addressable Constants from MTP Removable Media
Save the CPC Trip Buffer to MTP Removable Media

Save the CEAC Snapshot to MTP Removable Media
Load RDB

6.8 The CEA Position Display (CEAPD) shall have the following
characteristics:

6.8.1 Replaces the existing CEAPD with a color 18-21” FPD (with a |
mouse/trackball, and not a keyboard).

6.8.2 Provides a screen display to be able to see all CEAs on a single
display page, i.e., the same functionality as the current system.

6.8.3 At least 4 other displays shall be provided. These should consist

of CEA groups, such as, shutdown groups, regulating groups,
part length groups, CEAC1 and CEAC2 data displayed on a
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single display page, Cross Channel Comparison data and
System Health and Alarm information.

The CEAPD shall be designed so that Maintenance and

Software loading shall be conducted from outside the control

room horseshoe (i.e. behind the CEAPD, preferable from a CD- |
ROM).

The CEAPD should fit in the panel cutout of the existing CEAPD
with as few changes to the panel as possible. Zeus fasteners or
equivalent are recommended. The FPD shall be installed so that
routine replacement can be performed from the back.

The MTPs shall also provide the interface to the PMS computer and the
CEAPDS. Each MTP will send the RSPT information to the CEAPDS via

a fiber optically isolated connection. The PMS computer information shall
also be transmitted across this Ethernet connection. The actual Ethernet
bus to which these devices will be connected shall be located outside of

the APC, possibly in the computer room, or the main control room. The
CPCS to PMS Data Link shall have the following characteristics: |

6.9.1

6.9.2

6.9.3

All CPC data currently provided to the Plant Computer, for such
PMS functions as the CPC Report, the CEAC report and the
CECOR snapshot, will be provided via an Ethernet link at a
period of once per second.

Additional data, such as calculated variables VOPT and ASGT
and the current values of Type | and Il addressable constants

will be provided. This shall be accomplished by sending all

values displayed in the CPC trip buffer (~114 points), CEAC trip
buffer (~97 points) and addressable constants list (~49 points) |
to the Plant Computer via an Ethernet link at a period of once

per second.

Three copies of the Trip Buffer Report will be sent to the Plant
Computer all the time. When the channel is not tripped, this is
the live values, and the two previous values. When tripped, this
information is frozen and not updated until the trip
buffer/snapshot is cleared.

Each channel of the APC shall contain a CD drive to be used for loading
software into the CPCS. The CD drive will be connected to the MTP. The
operator will use the MTP to perform necessary functions to load the
software, configure the processor modules, and load reload data block
information into the CPCS.
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Each channel of the CPCS shall contain a Watchdog Timer (WDT). The
WDT module interfaces with an interposing relay panel (IRP). The CPCS
DNBR and LPD trip and pretrip outputs from the processor module shall
drive the IRP, which interfaces with the Plant Protection System (PPS). If
the processor fails to refresh this module or on a loss of power, the
module will cause the CPCS to generate a trip by opening the DNBR and
LPD IRP contacts to the PPS. This provides a failsafe condition should
the CPCS computer system fail. Internal system diagnostics shall be
contained within the processor.

The replacement CPC system shall be designed with redundancy to
improve system reliability and shall be designed to provide a channel trip
under all failure conditions that would prevent the CPCS from performing
their intended trip functions. Failures of the computer, power supply,
multipliers, or sensor shall by design, initiate a channel trip upon detection
thereby preventing a Functional Failure (FF) error from occurring. If a
failure were to occur that prevents the system from initiating a valid
channel trip, then the system shall fail in a fail safe channel trip condition.

Parameters, which could be indicative of system degradation such as
power, supply voltage, cabinet temperature, cooling fan failure, and others
need to be transferred through the data link to the PMS Computer.

Contractor will provide spare parts for any energized component. The
quantity shall be 15% of the total components of each model provided. All
quantities shall be rounded up to the next highest whole number.
Contractor shall supply a complete list of recommended spare parts, with
part numbers, required for assembly, reassembly and repair of all
components of the Equipment. The spare parts ordered by APS shall be
supplied in separate containers suitable for long-term indoor storage. The
containers shall be marked with the purchase order number and WBS
number and shall also show that the parts are for Arizona Public Service
Company, PVNGS CPC/CEAC Replacement Project. Contractor shall
provide prices for all spare parts listed in this section. Fiber optic cables
shall be provided with twice the amount of required fiber for use as spares.

The contractor shall have a parts obsolescence support plan to achieve a
20-year obsolescence support goal from 10/31/2000. The plan shall
include commitments for the following:

» Full production (for new systems) for 7 years w/o requalification costs
to APS.

e Spare parts production for an additional 5 more years w/o
requalification costs to APS.

o Contractor pooled inventory spares stocking for an additional 8 more
years as a minimum.
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6.15 All components, test jacks and adjustment settings shall be easily
accessible for routine monitoring and adjustments without moving
equipment or cables to gain access.

6.16 Since equipment degradation is related to the elevated temperatures,
cabinet temperature shall be monitored. The temperature switches shall
be replaced with temperature transducers (RTDs) that will be input to the
CPCS equipment. The CPCS shall monitor the temperature transducers
and generate an alert/alarm condition(s) should a temperature setpoint be
exceeded. Incipient failures resulting from elevated temperature can then
be corrected before elevated temperature related problems occur.

6.17 Power Supplies

6.17.1

6.17.2

6.17.3

6.17.4

6.17.5

6.17.6

Core Protection Calculator Replacement Specification

The power supply assembly shall be based on a 19” rack
assembly. Various modules shall be available to accommodate
the different output voltages anticipated.

The power supply shall be designed for use by the processor,
digital logic, relays, and reed switch position transmitter circuits.
Separate power supply modules may be used for different
functions.

The power supply assembly shall be designed as a series of
modules to facilitate easy maintenance. Power supply
assembilies shall consist of AC line filters, Surge protection,
Holdup capacitor block, and Ripple filter (as needed per
application).

Redundancy shall be available using a diode auctioneering or
current sharing scheme, except for the RSPT power supplies,
which must be current sharing. The intent is that the good power
supply will pick up the load upon loss of the faulted one to
prevent relays from dropping out or the processor from halting.
Fault in one half of a redundant supply shall not affect the other
from operating normally. Capability shall exist for replacing the
faulted power supply on line. Turning off the affected side power
supply while the unaffected side powers the entire load to keep
the channel functional is acceptable.

The power supply shall have over voltage and over temperature
protection. Under voltage and over voltage will be indicated.

The power supply shall be configured so that it is not near its

maximum loading to extend its life. Supplemental cooling shall
be provided to assure the highest reliability available.
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6.17.7  Each of the power supply modules will provide a digital signal to
the CPC for failure indication. The RSPT auctioneered output
voltage shall be monitored and read by the CPCS. All fans
used in the CPCS shall provide indication of failure and shall be
selected for the maximum reliability, such as including use of
sealed ball bearings and ensuring adequate margin on power
supply thermal derating curves. An external precision voltage
for verifying that various cards are functioning within
specifications is not required if the cards have an internal
precision voltage source for their self-calibrating feature.

6.17.8  Sufficient hold up time (approximately 20 milliseconds) shall be |
provided to allow momentary loss of external power due to bus
transfer.

6.17.9  Soft start shall be provided so those external sources powered
by inverters will not be adversely affected.

6.17.10 The power supply shall have a power factor greater than 0.9.

6.17.11 To extend power supply life, the power supplies shall be
configured so that they are not near their maximum loading.
Supplemental cooling shall be provided to also extend the life of
components. Power supply detailed design documentation shall |
be provided as part of the technical manual to facilitate periodic
rebuilding in order to account for electrolytic capacitor life.

6.17.12 The new systems requirements for cooling shall be greatly
reduced with the reduced number of heat generating
components and more efficient power supplies. The system
shall use muffin or platter fans strategically placed. Fans shall |
be easily accessible for operability determination and for ease of
replacement. Sufficient redundancy shall exist to protect the |
system from heat related failures as a result of a single fan
failure.

6.18 Calibration adjustments, test points, meter readings, and other
maintenance related activities shall be made easily accessible, without the
need to remove equipment to gain access.

6.19 The replacement CPC/CEAC shall use an Ethernet connection to the PMS
computer to transmit data.

6.20 A data point file with the capability to select 30 addressable constants
using the RDB shall be created to archive the CPC/CEAC data for
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passthrough to the PMS. This data point file shall have the ability to be
configurable by the Operations Computer Systems personnel for their use.

6.21 To improve the life of new CPC/CEAC hardware, improved methods of
equipment cooling will need to be provided. Methods selected shall
minimize ambient noise to the control room environment. Redundancy in
cooling shall be provided, and cooling fan failures shall be alarmed along
with high cabinet temperatures.

6.22 The CPCS shall provide an indication of test or bypass conditions or
removal of any channel from service by means of status lights and
annunciators. Where plant-operating requirements necessitate the
automatic or manual bypass of a complete protective function, the design
shall be such that the bypass will be automatically removed when
required.

6.23 Addressable Constants

6.23.1  The CPCS shall be designed with addressable constants where
it is necessary to change to a more restrictive setpoint to
provide adequate protection for a particular mode of operation
or set of operating conditions.

6.23.2 Each addressable constant shall have programmed in its
change-value function an upper and a lower limit to minimize
the range of values that can be entered.

6.24 The single channel “Standard Platform” for the CPC/CEAC and the I/O
Simulator

6.24.1  As part of this specification, a Class 1E “Standard Platform”
Single Channel CPC/CEAC/CEAPDS system shall be provided.
This system shall be used for training and troubleshooting by
plant personnel. The I/O simulator system shall provide the
capability to simulate all inputs and monitor the outputs of the
“Standard Platform” Single Channel CPC system. The MTP
shall allow an interface to the “Standard Platform” Single
Channel CPC system and to perform surveillance testing such
as CEA Drop Testing, Time Response Testing, etc.

6.24.2  An /O simulator to be used for testing the four-channel plant
CPCS in each unit and a fourth I/O simulator for the CPCS
single channel shall be provided.

6.24.3  The I/O simulator shall provide signals that include RSPT

inputs, process inputs, pump speed inputs, and PPS contact
inputs. The I/O simulator shall be designed to simulate all of the
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signals necessary to make the CPC Single Channel appear as
an operational CPC Channel system. The |/O simulator shall
allow the Operator to select how the input changes. The
Operator can choose to have the output respond as a step
change or as a RSPT ramp. Under normal conditions, the
RSPT ramp changes the signal at a rate not to cause a rate of
change error in the CPCS. The Operator shall be able to select
different ramp rates so that the rate of change error can be
tested or to see how the system responds. The I/O simulator
shall also receive and display the outputs of the Single Channel
System. These will include the annunciator outputs, inter-
channel high-speed links, the plant computer data links, and the
analog outputs.

6.24.4 By acquiring these signals, the I/O simulator can provide a user-
friendly interface for viewing all of the inputs and outputs from
the single channels system.

6.24.5  Additionally the capability to input test cases shall be provided.
The user first generates a test file containing various input
states and values. This file is read into the 1/0 simulator where
the 1/0O simulator then sets the outputs to this state.

6.24.6  The capability to ramp inputs at various user selected speeds
shall be provided for use by the user. More than one input shall
be ramped at a time.

6.24.7  The I/O simulators shall be housed in a rack approximately 3 |
feet tall containing a monitor, keyboard, mouse, and the /O
hardware. The rack shall be on casters for portability. The /O
simulator shall contain various cables and connectors that will
allow for the connection to the “Standard Platform” Single
Channel CPC system or one channel of the CPCS. The I/O
simulator and I/O hardware shall be designed using cards that
interface to a standard backplane architecture such as VME or
Compact PCIl. The application software shall be written to run
on a x86 processor.

6.25 The system ground shall be completely isolated from power and chassis
grounds. All ground connections shall be a single, low potential tie to the
site ground grid system. All ground cables shall be #4/0 AWG or larger
insulated copper wire. Contractor's system shall be designed to be
unaffected by ground potential fluctuation and transients.

6.26 Contractor's Equipment shall be supplied with provisions for protecting
against system errors, erroneous data and hardware damage resulting
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from electrical transients on power or signal wiring. These transients
include those generated by switching large electrical loads, by power line
faults, and due to lightening strikes which induce surges on power or
signal cables. Contractor shall describe the method it intends to use to
provide this protection.

6.27 Special Tools and Consumables

6.27.1 Contractor shall not use special nonstandard tools, test
equipment, calibration fixtures, and any other equipment
required for testing, troubleshooting, calibration or maintenance
without APS approval.

6.27.2  Contractor shall include appropriate nonstandard tools and
accessories, as well as adequate consumables necessary for
start up of Contractor's Equipment.

6.27.3  Contractor shall supply a complete list of recommended
consumables, with part numbers, for all components of the
equipment. This list shall include all consumable items such as
printer, plotter and recorder paper; printer ribbons; pen ink;
fuses; jumpers; maintenance kits; filters; terminal screws; wire
lugs; connector pins; jumpers; etc. Quantities recommended
shall reflect the number required to maintain all equipment
supplied under this specification for approximately 2 year of
operations. Contractor shall provide prices for all consumables,
special tools and equipment listed in this section.

6.27.4  Contractor shall provide, from the list in Section 6.27.3, a
minimum one year supply of all consumable items which are
required to operate and maintain the systems (filters, floppy
diskettes, data tapes, etc.)

6.28 System Description of the Reactor Protection System

6.28.1  The protection system shall, with precision and reliability,
automatically initiate appropriate protective action whenever a
trip setpoint or preset level is achieved. The system must
remain functional during and after a design basis event. The
Ptant Protection System (PPS) includes the mechanical and
electrical devices as well as the circuitry (from sensors to
actuation device input terminals) involved in generating the
signals associated with various reactor protective functions.
The RPS initiates protection signals needed to protect the core
and RCS pressure boundary for defined anticipated operational
occurrences (AOOs).
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The PPS is comprised of several unique systems that are
physically located in different enclosures and locations and
which are integrated to provide and support the Reactor
Protection and Engineered Safeguards functions.

The individual systems that are integrated to provide support for
the Reactor Protection functions of the PPS include: Core
Protection Calculator (CPC) System, Process Protective
Cabinets (PPC), Excore Nuclear Instrumentation (NI), Plant
Protection System (Reactor Protection Portion), and Reactor
Trip Switchgear (RTSG). This modification is to replace the
CPC.

The RPS is that portion of the PPS which generates signals that
actuate the reactor trip. The RPS consists of sensors,
calculators, logic and other equipment necessary to monitor
selected Nuclear Steam Supply System (NSSS) and
containment conditions and to effect reliable and rapid CEA
insertion (reactor trip) if any or a combination of the monitored
conditions approach specified safety system settings. The RPS
uses inputs from Process Protective Cabinets (PPC), the CPCS,
and the safety—-related excore nuclear instrumentation drawers.
These input signals are processed to generate outputs to the
RTSG, control annunciators and to the PPS remote control
module.

The PPS is designed utilizing four (4) independent
measurement channels of instrumentation that are electrically
and physically separate. Four separate and independent
channels of trip signals are generated by the CPCS. With all
four channels in operation, a 2 out of 4 coincidence of like trip
signals is required to generate a reactor trip signal. Bypassing
of one channel is allowed for testing, maintenance, etc., while
maintaining a two out of three system.

The reactor trip signal de-energizes the CEDM coils by
actuating the RTSG, allowing all CEAs to drop into the core.
Once initiated, the protective action goes to completion. Return
to operation requires operator action. A manual reactor trip
capability is also provided.

6.28.2 Core Protection Calculator:

The CPC System shall provide automatic protective action
signals to assure that acceptable fuel design limits are not
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exceeded during specified AOOs. Using setpoint values
provided by APS, the CPC System shall assure that the DNBR
of the most limiting fuel assembly in the reactor core is greater
than or equal to minimum required (current value 1.30, which
will change to 1.34). The CPC system shall also assure that the
Local Power Density of the most limiting fuel assembly in the
core does not exceed a value at which fuel centerline melting
would occur for the list of design basis anticipated operational
occurrences (current value 21 kW/it).

The CPC utilizes primary pressure, reactor coolant pump speed,
hot leg and cold leg temperature, CEA position, and excore
neutron flux signals to calculate a value for DNBR and Local
Power Density from these measurements. The calculated
values are compared to predetermined setpoints to determine
whether a reactor trip signal should be generated to the Plant
Protection System (PPS) Cabinet RPS Logic to initiate a reactor
trip.

In the existing design, the CPC monitors reactor parameters via
the four redundant CPCS and the two redundant CEACs.
Calculations are performed on these variables by each channel.
The CPC provides control interlocks to the CEDM Control
System to prevent CEA withdrawal when certain protective
system limits are approached. If an unsafe condition is found to
exist, the channel sends a reactor trip signal to the RPS. The
RPS circuitry will shut down the reactor upon receiving trip
signals from two of four CPC channels. The channels are
physically and electrically isolated from each other and receive
AC power from four redundant vital instrument buses.

Four independent CPCS are provided, one in each protection
channel. Calculation of DNBR and LPD is performed in each
CPC. Two independent CEA calculators (CEACs) are provided
as part of the CPCS to calculate individual CEA deviations from
the position of the other CEAs in their subgroup.

Each calculator is mounted in the auxiliary protective cabinet
(APC) with an operator's display and control module located on
the main control board. From the four OMs, an operator can
monitor all calculators, including specific inputs or calculated
functions. In the existing design, the ROM for channels B and C
is able to access either the CPC or CEAC in its respective
channel.
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The CPC System calculates DNBR and LPD under the control
of software programs developed outside the system and then
disk-loaded into the CPC System. These programs include the
instructions and data values necessary to perform the
calculations and the setpoint values which determine when a
reactor trip signal is generated. The software design basis is
derived from the requirements and transients described in
Chapter 15 of the UFSAR. The NRC has imposed additional
requirements on the design modification and on-site control of
the software programs for the CPC System, as described in the
Palo Verde Safety Evaluation Reports. Topical Reports
describe the detailed requirements for the design, modification,
testing and documentation for the software. In addition, the
topical and its reference documentation provides the detailed
description of the hardware configuration necessary for proper
functioning of the software.

For the purposes of this description, the CPCS includes the
CPC calculators, the CPC 1/O chassis, the CPC Analog Input
Multiplexer cards, the Analog-To-Digital Converter cards, the
Digital-To-Analog Converter cards, Relay Output cards, Digital
Output cards, Digital Input cards, Digital Output (DO) Data Link
cards, the Discrete Input Pulse Counter and Watchdog Timer
card, the CPC /O Chassis Power supplies, the CPC Trip
Bypass key switch on the OM located in the MCB, and other
interfacing components. The CPCS shall provide displays,
alarms, and status indications to permit the operator to monitor
all trip system inputs, outputs, and calculations. The CPCS
shall be designed to permit periodic testing of its functions while
the reactor is in operation. The testing must be capable of
being performed on an independent channel basis to determine
failures and loss of redundancy. The CPC shall provide the
capability for performing cross channel comparisons of system
inputs, outputs, and calculations for confirming the proper
operation and functionality.

6.28.3  Reactor Coolant Pump Speed Sensor System (RCPSSS):

The Reactor Coolant Pump Speed Sensor System (RCPSSS) is
used to monitor reactor coolant pump speed. Proximity devices
scan slotted discs on the reactor coolant pump motor shaft. The
signal is transmitted to the RCPSSS signal conditioning drawers
located in the APC. The conditioned signals are then
transmitted to the CPCS where the reactor coolant flow rate is
computed. The speed of each reactor coolant pump motor is
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measured to provide a basis for calculation of reactor coolant
flow through each pump.

6.28.4 Excore Nuclear Instrumentation:

The excore nuclear instrumentation includes neutron detectors
located around the reactor core and signal conditioning
equipment located within the containment and the Auxiliary
Building. Signal conditioning is also provided within the PPS
Cabinet. The linear safety channels provide neutron flux
information from ~1 to 200 percent of rated power. All channels
have an associated signal-conditioning drawer in the PPS
cabinet. These channels feed the RPS and provide information
for rate of change of power display, DNBR, LPD, and overpower
protection.

6.28.5  Auxiliary Protection Cabinet (APC):

The APC consists of the RCPSSS, CEAC, APC Multiplexer, and
the CPCS.

In the existing design, two independent CEACs are provided as
part of the CPCS to calculate individual CEA deviations from the
position of the other CEAs in their subgroup. The existing
CEAC design is an exception to the general four-channel
redundancy of the PPS. The CEACs are two channel
redundant. The CPCS, which receive CEA detection
information from the two redundant CEACs, use the most
conservative of the two data values from the CEACs, which is,
in effect, one out of two logic coincidence which satisfies the
single failure criteria. In the new design four-channel
redundancy is required.

In the existing design, the CPCS are also allowed to be
operated with one CEAC channel out of service. This mode of
operation is restricted in duration by the Plant Technical
Specifications since this mode does not satisfy the single failure
criterion. The CPCS are also permitted to be operable with both
CEAC channels bypassed by use of the CEAC Inoperative
function of the CPCS. This mode of operation is restricted for
certain power levels of the plant by means of the Plant
Technical Specifications.

For the purposes of this description, the CEAC includes the

CEAC calculators, the CEAC /O chassis, the CEAC Analog
Input Multiplexer cards, the Analog-To-Digital Converter cards,
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Relay Output cards, Digital Output cards, Digital Input cards,
Digital Output (DO) Data Link cards and Watchdog Timer card,
the CEAC 1/O Chassis Power supplies and other interfacing
components.

6.28.6  Design Requirements - Single Failure:

The criterion for single failure is that any single failure within the
Protection System shall not prevent proper protection action at
the system level when required. The Plant Protection System is
designed with sufficient independence and redundancy to
assure that: no single failure resuits in the loss of a protective
function, the removal from service of any component or channel
does not result in loss of the minimum redundancy, and the
environment resulting from design basis events and natural
phenomena do not result in the loss of the protective function.

The Plant Protection System has been designed with four
redundant channels. The PPS requires a coincidence of two
channels of the four channels to initiate a protective function.
The four-channel design accommodates the single failure
criterion in the following modes of Plant Protection System
Operation.

Four Channels Operable — The PPS can sustain a single failure

and still have three channels available to satisfy the two channel
coincidence. The system will initiate action on a coincidence of

two of the three operable channels.

One Channel Out of Service — In this mode there are initially
three redundant channels operable. Application of the single
failure criterion leaves two channels available for initiation which
satisfies the two-channel coincidence requirement. The PPS is
designed with a channel bypass feature that bypasses the
inoperable channel.

if there is more than one channel of a PPS trip function
inoperable, one of the inoperable channels must be bypassed
and the second channel must be placed in the tripped condition
to satisfy the single failure criterion.

In the existing design, the Core Protection Calculator System
contains a subsystem, the CEA Calculators, which is an
exception to the general four-channel redundancy of the PPS.
The CEACs are two channel redundant. The CPCS, which
receives CEA detection information from the two redundant
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CEACs, uses the most conservative of the two data values from
the CEACs, which is, in effect, one out of two logic coincidence
which satisfies the single failure criteria.

In the existing design, the CPCS is also allowed to be operated
with one CEAC channel out of service. This mode of operation
is restricted in duration by the Plant Technical Specifications
since this mode does not satisfy the single failure criterion. The
CPCS is also permitted to be operable with both CEAC
channels bypassed by use of the CEAC Inoperative function of
the CPCS. This mode of operation is restricted for certain
power levels of the plant by means of the Plant Technical
Specifications.

The four-channel redundancy of protective action initiation at the
PPS must interface with a two-train redundancy for the actual
components of the Engineered Safety Features Systems. The
Auxiliary Relay Cabinet (ARC) is designed with a two-train
division which coincides with the two trains of the Engineered
Safety Features System components. Each train of the ARC
receives a four-channel initiation signal from the PPS. Each
train is activated on a two out of four coincidence of PPS
initiation signals.

The independence of the redundant channels of the PPS are
maintained by physical separation of sensors and
interconnecting cabling, by mechanical and thermal barriers
between channels contained in a single cabinet, and by
electrical isolation for signals that interconnect the redundant
channels and for signals that interconnect the PPS to non-safety
related equipment. The isolation devices shall be qualified such
that credible failures at the output of the isolation device can not
propagate to the PPS and prevent it from performing its
protective function.
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7.0 QUALIFICATION REQUIREMENTS

7.1 The CPC/CEAC system is safety related, designated Class 1E. The
Quality Class of this equipment is “Q”", Seismic Category 1. Equipment
which is not safety related is designated as non-safety related. Non-safety
related equipment shall be physically separated and electrically isolated
from Class 1E, safety related equipment, in accordance with NRC Reg.
Guide 1.75-1975. In instances where electrical signals are used as inputs
to the CPC/CEAC System, the non-safety related signals are electrically
isolated from the CPC/CEAC system. In instances where CPC/CEAC
signals are used as inputs to non-safety related equipment, such as
annunciators and operator display devices, the CPC/CEAC signals shall
be electrically isolated from the non-safety related equipment. The non-
safety related equipment shall be qualified as Quality Class QAG, Seismic
Category IX components so not to interact with adjacent safety related
equipment.

7.2  The contractor shall seismically qualify all of the safety related (Seismic
Category 1) equipment in accordance with |IEEE 344-1975. All other
equipment and structures shall be qualified to meet the requirements of a
Seismic Category IX component or structure. The seismic qualification of
Class 1E equipment (replacement CPCS) located within the support
structure (racks, cabinets) shall be determined by either test or analysis.
Qualification of electrical equipment using IEEE Std. 344-1975 is
accepted, with conditions, by the NRC in Regulatory Guide 1.100.
Qualification tests for seismic shall be performed for both the OBE
(minimum of 5 events) and SSE (1 event). The tests shall demonstrate
both structural integrity and functional operability. As stipulated in this
Purchase Specification, the performance characteristics shall be
maintained before, during and after each test, in order to achieve
satisfactory qualification of equipment. Additionally, the PVYNGS Required
Response Spectra (RRS, provided in this spec for both OBE and SSE)
shall be enveloped buy the Test Response Spectra (TRS) at an equal or
conservative structural damping values. The envelope shall have a
minimum margin of 10 percent.

7.3 The CPC/CEAC system shall be environmentally qualified for the
environmental conditions that result from accidents and transients for
which it must operate. Only the sensors that provide input signals to the
CPC/CEAC system are located in areas which experience extreme
environmental conditions that result from accidents. The CPC/CEAC
system shall be designed to minimize, consistent with other safety
requirements, the probability and effect of fires and explosions. The
provided equipment shall operate in the following temperature range
without degradation of functionality or accuracy.
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Table 1 — Environmental Design Requirements inside the Cabinet

Environmental Normal Abnormal
Parameter Min. Max. Duration Min. Max. Duration
Temperature 65F 104F Continuous 55F 122F 8 Hours
Humidity 40% RH 60% RH Continuous 20% RH 90% RH 8 Hours
Pressure Atmospheric | Atmospheric | Continuous | Atmospheric | Atmospheric | Continuous
Radiation Negligible Negligible Continuous Negligible Negligible Continuous
7.4  The contractor will conduct the overall qualification test program

consistent with Reg. Guide 1.89, which endorses the requirements of

IEEE 323-1983, “Qualifying Class 1E Equipment for Nuclear Power

Generating Stations”.

7.5

Copies of test data and qualification reports as required shall be submitted

for acceptance by the PVNGS prior to acceptance of the equipment for
shipment.

7.6

In addition to the seismic and environmental qualification of the CPCS,

conducted and radiated EMI testing shall be performed by the contractor
to identify and correct these types of problems. The extended burn-in

period where the replacement CPCS will run in the actual plant
environment can also be utilized to identify and correct these types of
problems.
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8.0 PURCHASER RECOMMENDATIONS

8.1  Provide an option to automatically update system time and date with a
purchaser provided time synchronization signal, such as an IRIG-B signal.

8.2 To reduce the CPCS sensitivity to electrical noise, external field wiring
shall contain twisted pairs and be shielded all the way to the 1/0 chassis.
This work will be the responsibility of the Contractor for all provided
equipment.

8.3  Optical isolation, noise filters and ANS| C37.90.1 high voltage surge
protection circuits shall be utilized where appropriate.

8.4  Self-testing devices shall be utilized where available.

8.5 Self-monitoring devices (e.g. Watchdog timers, etc.) shall be utilized to
detect functional failures and force the system to fail-safe.

8.6 Unpowered analog input gate cards shall have high impedance to avoid
loading down RSPT inputs to the CEAC during maintenance of the
associated CPCS.

8.7  The pre-existing CPC/CEAC cabinets will be used.

8.8 Coordinate the system design with RF frequencies in use at the site to
minimize interference, i.e. test the system for EMI susceptibility and
correct the design or change the RF frequencies in use as required.

8.9 Maintain the necessary signal isolation characteristics.
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9.0 SOFTWARE REQUIREMENTS

9.1  For the CPC software, the contractor will conform to the requirements of
the NRC Regulatory Guide 1.152, Rev. 01, “Criteria for Digital Computers
in Safety Systems of Nuclear Power Plants”, November 1996 which
endorses IEEE 7-4.3.2-1993.

9.2 Deleted.

9.3 A software requirement specification shall be provided to the purchaser by
the contractor per IEEE-STD-830-1993 and NRC Reg. Guide 1.172, Rev 0
as described in the Common Q Software Program Manual.

9.4 A software design description shall be provided to the purchaser by the
contractor IEEE-STD-1016-1987 following the recommended format
provided in the Appendix to IEEE-STD-1016-1987.

9.5 The source code and program documentation shall be procured by the
contractor and provided to the purchaser, via electronic files and (or) |
hardcopy printout manual(s). In the event that the contractor discontinues
support for the code or either goes out of business, or transforms into
another business entity, any additional design documentation shall be
provided by the contractor to APS to allow maintenance of the system for
20 years as defined in the proposal, and shall be available for NRC
inspection upon request. A statement of conformance to the contractor’s
software design specification and the contractor’s internal QA program
shall be included.

9.6 The contractor shall procure and/or supply the software in accordance and
adherence to 10CFR50, Appendix B. The services specified herein
perform a safety-related function in a Nuclear Power Generating Station
licensed under regulations of the United States Nuclear Regulatory
Commission (USNRC) and shall be performed in accordance with the
Contractor's Quality Assurance Program, as provided by APS QA
Manager. The provisions of 10CFR21 shall apply. It is understood that 3™
party software is typically commercial off the shelf, and altemnative actions
may be taken to verify the software is appropriate for its intended use. For
example, commercial grade dedication reports may be created to qualify a
commercial off the shelf operating system per ANSI/IEEE 7-4.3.2 and the
Common Q Software Programming Manual.

9.7 The contractor shall provide documentation of the software reviews and
audits as recommended by IEEE STD 1028 1988 for both safety related
and non-safety related software, in accordance with the requirements of
the Common Q Software Program Manual.
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Software Validation and Verification shall be performed and documented
by the contractor, in accordance with the requirements of the Common Q
Software Program Manual as augmented by the Westinghouse APS CPC
Project Plan. The contractor shall provide the V&V Plan and the V&V
Final Report to the purchaser. Validation and Verification activities shall
include documentation of testing and evaluation performed per the
Common Q Software Program Manual as augmented by the
Westinghouse APS CPC Project Plan. Validation and Verification
activities shall be performed to assure the adequacy and compliance to
this specification for each phase of the software development process.

Anomalies detected during the Validation and Verification activities shall
be documented by the contractor along with corrective action taken. The
software contractor shall develop and perform all activities recommended
in IEEE STD 1012 1986, excepting the purchaser approval of the “Final
Approval® and “Program Acceptance” documentation.

Final approval and program acceptance will be performed by the
purchaser following contractor certification that all Verification and
Validation recommendations have been met. The Validation and
Verification plan, along with sufficient documentation to demonstrate the
acceptability of the Verification and Validation activities (sample run
outputs, discussion of results, and conclusions) shall be provided with the
contractor's certification.

A software safety analysis shall be provided as defined in the Common Q
Software Program Manual.

All software testing required by the Common Q Software Program Manual. |
shall be performed by the contractor with the purchaser personnel in
attendance. Software testing shall be documented as required by the
Common Q Software Program Manual. Factory acceptance testing shall
be performed by the contractor with the purchaser personnel in
attendance to verify and validate the reliability of the code, to ensure it
correctly represents the intended design, and that the design correctly
represents the intended mathematical models utilized. Checks shall
include inspection of benchmark output and comparison of that output with
the results of hand calculations, verified calculations, and measured data.
The results of the test cases executed against the expected result shall be
provided to the purchaser to verify the successful execution of software.

A Software / Operators User's Manual shall be provided by the contractor
which includes all of the features required by the Common Q Software
Program Manual, focusing on the expected interactions intended by the
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software’s man-machine interface. This manual shall not include detailed
design and programming information.

9.14 Software documentation shall be provided by the contractor as defined in
the Common Q Software Program Manual. The contractor shall also
provide software documentation received from third party vendors (i.e.
Microsoft NT, QNX, etc.) that is used by the CPCS.

9.15 Controls shall be established to permit authorized and prevent
unauthorized access to a computer program.

9.16 The contractor shall report sofiware anomalies per the Common Q
Software Program Manual to the purchaser including the classification
code and associated classification code description. The contractor shall
also report any anomalies in the hardware, testing, or documentation
identified following shipment. These reports shall be prompt, written, and
include an evaluation of the impact of the anomaly, provisions to avoid the
anomaly, and any recommended corrective action.

9.17 The contractor shall analyze, design, implement, test, and deliver changes
to the software consistent with the Common Q Software Program Manual. |

9.18 The contractor shall provide the information recommended by NUREG-
0800 in the NUREG-0800 format describing the supplied system
(hardware, software, and interfaces with plant systems). The information
not applicable to Palo Verde shall be removed from the provided
description.

9.19 The software shall be based on a Software Life Cycle model consistent
with IEEE-STD-1074-1995 and NRC Reg. Guide 1.173, Rev 0. The
software shall be developed, acquired, procured, controlled, and
maintained in accordance with the Common Q Software Program Manual. |

9.20 The contractor shall provide software that fully complies with IEEE-STD-
730-1989 for all phases of the software life cycle. The contractor shall
develop and provide to Palo Verde the contractor’'s Quality Assurance
Plan, as follows:

9.20.1 Software Quality Assurance Plan shall be provided that implements
the requirements and recommendations contained in ASME NQA-
2a-1990 Part 2.7 with the exception of sections 7 and 10.2, and
IEEE Std. 730-1989. The contractor shall provide certification of |
compliance with the Software Quality Assurance Plan in
accordance and adherence to 10CFR50, Appendix B.
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9.20.2 Hardware Quality Assurance Plan shall be provided that
implements the requirements and recommendations contained in
ASME NQA-1-1989 and IEEE-STD-603-1991. The contractor shall
provide certification of compliance with the Hardware Quality
Assurance Plan in accordance and adherence to 10CFR50,
Appendix B.

9.21 The software configuration shall be controlled and documented throughout
the entire software life cycle as required in the Common Q Software
Program Manual.

9.22 Contractor shall provide three (3) copies of all CPCS and 1/O simulator
software. This includes the application and source code for CPCS
(CEAC1, CEAC2, CPC, etc.), MTP, OM, and the I/O simulator. This is to
be provided on the highest speed media compatible with Contractor's
equipment. Contractor shall provide a licensed copy of third party vendor
software for each application used within the CPCS Replacement scope.
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GENERAL DRAWING AND DATA REQUIREMENTS

The contractor shall generate a set of requirements to implement the
mandatory features, and any optional features. The System
Requirements Specification shall conform to IEEE-STD-1233-1996.

For all documentation, approximately six weeks shall be provided for the
purchaser review and comment. The contractor shall correct
documentation and resolve all comments before final payment. As a
minimum, documentation shall include the documents specified in
sections 10 through 12 and hardware documentation for the system,
components, and subcomponents provided. Two electronic copies of the
documents specified in sections 10 through 12 shall be provided. For text
documents, these shall be provided in Microsoft Word ©97 or Adobe
Acrobat .pdf format on CD-ROM. For drawings, these shall be converted
to Microstation, version J7.1 and verified upon completion of the contract.

Contractor shall furnish, as a minimum, the following arrangement
drawings.

¢ Operator and engineering console arrangement drawings.
e Cabinet arrangement drawings.
¢ Equipment arrangement drawings.

Interconnection wiring diagrams for each separate component and sub-
system, including field diagrams for Contractor's Equipment, complete and
suitable as working drawings for installation and connection of Equipment
in the field and for maintenance troubleshooting. Diagrams shall identify
all devices and shall include but not be limited to, the following:

e APS cable numbers, points of origin or destination (i.e. component or
sub-system name and drawing number).

¢ Internal conductor color codes and connection points to pigtail leads,
terminal blocks, etc.

¢ Control Wiring Diagrams (CWD) drawing numbers associated with
each component and sub-system.

¢ Identification of all devices and a complete device index with catalog
numbers for each device (i.e. a Bill Of Material)

¢ All grounding requirements and details.

¢ Any other information required to interpret drawings and follow routings
of cables with ease from one drawing to the next.
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10.5 Wiring diagrams shall be submitted for review of the terminal locations,
wiring numbers, cable connections and wiring arrangement. At this time
APS' Design Engineering personnel will supply circuit designations, cable
numbers, descriptions, etc., to be added to the diagrams by Contractor.
Approval of the diagrams will not relieve Contractor of its responsibility to
furnish correct diagrams or to furnish correctly operating systems.

11.0 INFORMATION REQUIRED WITH CONTRACTOR'S PROPOSAL

11.1 A description of the proposed equipment (hardware and software) with a
statement of conformance and with a list of exceptions to this
Specification.

11.2 Preliminary site preparation information, including power conditioning
requirements (AC voltage, frequency tolerances, harmonic distortion,
estimated load Equipment will place on APS’ AC source, and AC power
susceptibility profile), grounding requirements, radio frequency and
electromagnetic interference precautions and requirements for all the
equipment to be supplied.

11.3 Detailed functional system and cabling diagrams depicting the topology of
the contractor’s proposed design and proposed equipment layouts.

11.4 Preliminary weight and dimensions for all equipment suitable for arranging
space.

11.5 Preliminary power, ventilation requirements and heat dissipation outputs.
11.6 A description of options that may be available to Palo Verde including
price. A description of the training program for Palo Verde personnel with

an example of the course material.

11.7 A schedule of the contractor's document submissions and Palo Verde
provided documents.

11.8 A schedule of milestones and invoicing. The essential attributes of IEEE-
STD-1058.1-1987 for a software project management plan are
recommended for consideration.

11.9 The shipment date of equipment and instruction manuals.

11.10 Pricing of basic equipment including the price of the basic software and an
engineering statement of the hardware and software warrantee practice.

11.11 Discounts that may be applied for Palo Verde including comparable
upgrades at other sites.
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DELIVERABLES AND SCHEDULE REQUIREMENTS

The contractor shall provide up to 320 man-hours of support for the
licensing of the CPC/CEAC system. This support is in addition to any
support required to complete Common-Q phase Il activities. Phase |l
work to be completed includes the second NRC submittal to address the
new configuration with an increased number of processors, the new PM
646 processor, the follow-up items on EMI/RFI and the follow-up items on
seismic qualifications. APS would be responsible for the NRC submittal to
address plant specific implementation, including any phase IV scope
additions.

The contractor shall provide 160 man-hours for Installation and Start-up
Support and Site Acceptance Test Support for each unit. Additional
support beyond the man-hours specified in sections 12.1 and 12.2, or in
other areas, may be requested by APS. This will be provided under a
Time and Material basis.

The Contractor shall provide a total of 240 hours of training. This training
will consist of three 40-hour sessions, each conducted twice. The training
shall be provided at Palo Verde or a Contractor location, as determined by
APS. The training shall consist of a mix of classroom and hands on |
training in the following three areas.

e CPC/CEAC configuration and operation overview. Targeted to
operations, engineers and technicians. Up to 16 seats for each class
shall be available. This class is intended as a prerequisite for the next
two items.

¢ Performance of surveillance tests and recommended PMs. Targeted to
technicians. Up to 8 seats each class shall be available.

¢ Advanced CPC/CEAC design and troubleshooting. Targeted to
technicians and engineers. Up to 8 seats per class shall be available.

The contractor shall support a maximum of 4 formal design reviews with
APS at the PVNGS site.

Schedule of Deliverables

Deliverables will be provided by the scheduled months ARO. The dates
are provided for convenience and assume the order is received by
1/1/2001. If there is any conflict between this schedule and the actual
contract, the contract will prevail.

4 Months ARO - 5/1/2001
¢ CPC/CEAC and I/O Simulator requirements documents issued.
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6 Months ARO - 7/1/2001
¢ /O Simulator Design Documents Issued

8 Months ARO - 9/1/2001
e CPCS Design Documents Issued

10 Months ARO - 11/1/2001

 Beta version of Single channel and 1% I/O simulator with beta version |
of all software.

¢ One additional OM with FPD building tools, AF100 communication and
Ethernet communication software that broadcasts data to FPDs and
PMS.
Existing CPC/CEAC codes that are written in Fortran for simulator use.
Price list for spare parts (all active components).

12 Months ARO - 1/1/2002
¢ Draft 50.59
s CPC/CEAC FAT issued.

18 Months ARO - 7/1/2002

¢ Instrument uncertainty calculation.

¢ 1% simulator hardware.

o First unit 4-channel CPCS staged. (7/15/02)

19 Months ARO - 8/1/2002

¢ Draft procedure for performing all recommended/required calibrations

or PMs.

The basis for all recommended/required calibrations or PMs.

Software for Time Response Testing.

Form, fit and function spec for all subcomponents in FPD |

P1 testing complete.

20 Months ARO - 9/1/2002
Construction/modification drawings for installing 19” racks in existing |
cabinets.

¢ Seismic test reports for the major seismically qualification components

» Provide all drawings for all supplied components and structures
including the modified Auxiliary Protection Cabinets, and schematics
for all supplied equipment.

» RDB loading tool. Software to change RDB.

¢ Detailed Engineering Installation Instructions.

22 Months ARO - 11/1/2002
o Software for Rod Drop Timing Test.
¢ Requirement and Design Phase Interim V&V reports issued.
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23 Months ARO — 12/1/2002

e CPC/CEAC FAT for first unit 4 channel CPCS ready for test start

¢ Seismic test reports for all seismically qualification components and
structures

¢ Qualification testing/evaluation paperwork for installing 19’ racks in the
existing cabinets.

¢ Seismic test reports for all components and structures that are
seismically qualified to Seismic Category IX requirements.
P2 testing complete.
Implementation Phase Interim V&V report issued.

25 Months ARO - 2/1/2003
¢ CPC/CEAC FAT for first unit 4 channel CPCS complete.

26 Months ARO - 3/1/2003 |
¢ V&V Report and Code Certificate.
¢ Technical Manual |

27 Months ARO - 4/1/2003

¢ Draft procedure for performing all recommended/required STs.

¢ Unit 2 hardware and final version of all software, delivered, FAT
complete.

¢ Final version of CPC Single Channel (with SR hardware) and 10
Simulator hardware

33 Months ARO - 10/1/2003
¢ Unit 1 hardware and final version of all software, delivered, FAT
complete.

39 Months ARO - 4/1/2004

¢ Unit 3 hardware and final version of all software, delivered, FAT
complete.

e 2" plant simulator hardware.
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ADDENDUM A-1
GENERAL DRAWING AND DATA REQUIREMENTS

GENERAL REQUIREMENTS

The Supplier/Contractor shall submit originals or reproductions of all drawings, data, procedures,
and/or engineering quality verification documents in accordance with the following requirements.

1.1

1.2

1.3

Engineering documents and quality verification documents requiring Arizona Public
Service (APS) review shall be transmitted to APS via Supplier/Contractor letterhead
paper, referencing the Design Change Package (DCP) number and listing document
number, revision, title and amount of copies for each document transmitted.

The Supplier/Contractor shall be instructed in the specification to transmit the specified
documents to APS Design Configuration Control (DCC).

All correspondence with APS shall be sent to:
Palo Verde Nuclear Generating Station

P.0O. Box 52034, Mail Station 1706

Phoenix, Arizona 85072-2034

Attention: NIRM/Design Configuration Control (DCC)

REVIEW OF SUPPLIER/CONTRACTOR DRAWINGS

2.1

Documents, which include drawings, when submitted by the Supplier/Contractor, will be
processed by APS after receipt, review and approval, and returned with status marked as
follows:

Status 1{] WORK MAY PROCEED

Indicates that information delineated on the document has been reviewed by APS without
comment. Status 1 documents must be free of notes or comments.

Status 2[] REVISE AND RESUBMIT. WORK MAY PROCEED SUBJECT TO
INCORPORATION OF CHANGES INDICATED

Indicates that information delineated on the document is in accordance with the
specification, purchase order or contract. However, APS changes or comments have been
noted; therefore, the Supplier/Contractor must resolve the indicated changes or comments
and resubmit accordingly.

Documents which have hold areas, or which are marked substandard for microfilm quality,
should also receive this status and the document shall be stamped with the following:

THIS DOCUMENT WAS REVIEWED
FOR MICROFILM QUALITY AND
FOUND SUB-STANDARD. PLEASE
UPGRADE AND RESUBMIT.
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ENCLOSED PRINT HAS AREAS
CIRCLED IN RED THAT ARE
SUB-STANDARD.

All comments must appear on the document or on an attachment to the document.
Status 3[] REVISE AND RESUBMIT. WORK MAY NOT PROCEED

Indicates that information delineated on the document is not acceptable to APS and,
therefore, work may not proceed. All comments must appear on the document or on a
sheet attached to the document. The Supplier/Contractor must resolve the APS
comments and revise and resubmit this document.

Supplier/Contractor shall incorporate changes as required by comments on the document
and resubmit the revised document within 30 calendar days. All changes which are made
or requested by the Supplier/Contractor after a document has been accepted shall be
resubmitted. Resubmittals are not required on any Status 1 document unless revisions are
made.

Should the Supplier/Contractor choose to reply to APS' comments by letter, each letter
should preferably cover only one document. However, if the Supplier/Contractor covers
more than one document per letter, each item must be clearly identified with APS’ log
number.

Permission to proceed does not constitute acceptance or approval of design details,
calculations, analyses, test methods, or materials developed or selected by the
Supplier/Contractor, and does not relieve Supplier/Contractor from full commence with
contractual obligations.

The Supplier/Contractor shall not proceed with changes resulting from comments which
affect cost or schedule without prior written approval from APS that the specific cost
and/or schedule impacts are acceptable.

GENERAL DRAWING REQUIREMENTS

3.1

3.2

3.3

Use of standard drawings to satisfy a general type design presentation for equipment
having slight deviations is acceptable if the information is specific and options are clearly
noted or deleted. Each particular equipment type shall have its own drawing and each
drawing shall have its own title and number. It is recognized that identical units of
apparatus have many probabilities of duplication; however, it shall be required that the
intent of this paragraph be met.

APS will consider the Supplier/Contractor's reasonable request for restriction of
proprietary information. However, it may become necessary to make disclosures to the
NRC, and other regulating government agencies or bonafide intervenors.

Each drawing or document shall have a revision number, including the first submittal.
When a drawing is revised, revision numbers must be clearly legible, easily
distinguishable from the drawing number, and should be in or as close as possible to the
title box. A short description of the revision must be included and affected areas on
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drawing shall be circled and identified with the revision number.

On resubmittals, any revised drawing or document shall contain APS' Log Number which
was placed on the drawing or document during the initial review.

Drawing List

A Supplier/Contractor drawing list (Attachment 1) will be submitted to APS. The list shall
be updated periodically during the course of work, as required. This list is to include all the
Supplier's/Contractor's drawings, and other documents to be submitted in accordance with
the specification and/or appendices.

4.0 TYPE OF DRAWING SUBMITTALS

4.1

4.2

4.3

4.4

4.5

APS has standardized drawing reproduction techniques that use 35mm microfilm aperture
cards for all in-house and field distribution. All submitted drawings or data must be of
sufficiently high quality drafting to permit microfilming by APS. It is preferable that originals
be submitted when possible. If reproductions of the originals are submitted, they must be
full size, rolled, direct-reading type, first generation, on photographic mylar either 3 or 4
mil thickness, having sharp, clean, well-defined lines with a line density equal to or better
than the original. Folded drawings cannot be accepted. The reproducible must maintain
an evenly high contrast between image and background over the surface of the drawing
and shall be capable of maintaining clarity so as to produce a rough generation copy and
still be clearly visible/readable on the fourth generation copy using the same machine and
material. Reproducers must be of a quality that will ensure microfilming on 35mm film to
produce clearly legible/readable copies (normally 50% of the original on "D" size and
larger) when blown back from film base. Reproducibles with low contrast or heavy
background density with thin, weak lines and lettering are not acceptable. Drawings
drafted to the National Micrographics Association Drafting Standards, Information
Monograph No. 3 "Modern Drafting Techniques for Quality Microreproductions”, generally
meet the requirements and are nationally accepted. Copies of this standard are available
from the National Micrographics Association (NMA), 8728 Colesville Road, Silver Springs,
Maryland, 20910.

NMA Standards are referenced as minimums; upgrading of these or use of standards
specifying heavier line weights or larger letter sizes are acceptable.

Drawings submitted and not conforming to the above standards will not be accepted, and
will be returned to the Supplier/Contractor for correction and resubmittal 7 days after
receipt of the unacceptable drawing(s). The Supplier/Contractor will upgrade or redraft the
non-standard drawing at the Supplier's/Contractor's expense.
Drawings produced by Computer Aided Drafting (CAD) shall be on the Intergraph system.
Upon completion of contract, the Supplier/Contractor shall furnish APS the tape and one
hard copy of each drawing produced by CAD.
Drafting Practices
4.5.1 Drafting Materials

a. Drawing Media and Sizes

AQ1 -50f20



1)

2)

3)

b. Ink

1)

2)

Specification 13-JN-1000
Revision 2
Addendum 01

All original engineering and architectural drawings shall be on polyester
(mylar) base drafting film in either 3 or 4 mil thickness coated for drafting
on one side, or on Computer Aided Drafting (CAD) type for CAD
produced drawings.

Drawing sizes shall be USA standard as follows:

"A" size = 8-1/2" x 11"
"B" size = 11" x 17"
"C" size = 17" x 22"
"D" size = 22" x 34"
"E" size = 34" x 44"
"EE" size = 34" x 88"

The title block format shall include the signature blocks specified in
Attachment 3. (Ref. 81DP-0C009, Appendix E.)

Ink shall be used for the body of all drawings to ensure consistent, high
quality suitable for reproduction and microfilming. Plastic graphite leads
may be used only when authorized by the Responsible Supervisor (RS).

Ink shall be used when manual drafting changes or additions are made to
computer aided drafting (CAD) prepared drawings.

¢. Erasers

1)

2)

3)

452 Scales

Use only erasers made specially for drafting film. Gritty or abrasive
erasers such as "Pink Pearl", or similar type erasers shall not be used.

Plain water and cotton swabs are a good eraser for plastic leads, and
repeated erasings with this method will not destroy the "tooth” on the
drawing surface.

Electric erasing machines, if used, should have the correct eraser "stick”
for plastic leads and mylar drafting film and be used with extreme care to
prevent a heat melt "hole" in the coated drafting surface

a. Drawing scales shall be selected which maximize the utilization of drawing size
and anticipate drawing reductions. Common scale advantages between
disciplines shall also be considered in the selection of drawing scales.

b. Only standard engineering and architectural scales may be used.

c. A graphic scale should be included on all dimensioned drawings to ensure
proper blow back capabilities from microfilm.
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45.3 Lettering

a.

C DEF GHIT

Letters and numerals shall be clear, clean, opaque (black) and uniform in
weight and density so that constant contrast with the background is provided.

All lettering shall be upper case only, inclined (with the exception of
architectural lettering which shall be vertical) and

A

Q

S W
L MN O P Q R&K3IN

Uv wxy =2

3 456 7 890 8

General lettering drawn by CAD shall be approximately 1/8" (3 mm) high for A,
B and C size drawings and approximately 5/32" (4 mm) high for D and E size
drawings. Otherwise, general lettering drawn by hand shall be approximately
1/8" (3 mm) high for A, B and C size drawings and approximately 3/16" (4 mm)
high for D and E size drawings.

Title lettering shall be approximately 1/4" (6 mm) high.
Overall height of fractions shall be approximately 1/4" (6 mm).
Minimum space between characters shall be approximately 1/16" (1.6 mm).

When manual drafting changes or additions are made to CAD prepared
drawings, lettering shall be similar to CAD lettering.

Lettering shall be applied in a manner that prevents the characters from
making contact with lines, symbols, figures, or other characters.

Care should be taken to keep characters open so the legibility will not be
affected on reduced size copy, regardless of the reduction ratio.

4.5.4 Linework

a. Sharp, solid, dense opaque (black) lines with a uniform density which provides
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constant contrast with the background are critical microfilming requirements.
Linework shall be limited to three widths as follows:

Thin =.01" (Minimum) Dimension Lines
Leader lines,
Background, etc.
Medium = .02" Primary Object
Thick =.03" (1/32) Diagrammatic, reinforcing steel, etc.

Minimum open space between lines shall be 1/16" (1.6 mm).

Weight of lines shall be constant in thickness so that after reduction they will
not diminish, but will remain clear and legible.

4.5.5 Sections

a.

d.

Sections shall be taken in the direction which will give the most functional view.
Sections looking to the top and left of the drawing are preferred.

Sections shall be designated by letters in alphabetical order, i.e., "A", "B", "C".
Do not use the letters "I" or "O" to designate sections.

When a section is taken and drawn on the same drawing, the section mark and
rifle shall appear as follows:

1/2" & 716" 9/16" Diam. (Typ.)
Diam. (Typ.) - not less than
not less than /16" Diam.

‘1/1 6" Diam.

SECTION /A
14" =1'-0"\_"/

Section Title

When a section is taken on one drawing and drawn on another drawing, the
section mark and title shall appear as follows:
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1/ " - 1"0ll
Section Title -

Number of Drawing Number of Drawing
where Section is Drawn where Section is Taken

e. When identical sections are taken on more than one drawing, the section title
shall appear as follows:

SECTION
3/ l'. - 1'_0!!

f. Letters used for section marks may be duplicated on the same drawing if the
reference drawing number is different. However, letters used for section titles
shall not be duplicated on the same drawing.

4.5.6 Elevations

a. Elevations shall be indicated in the same manner as sections except the word
"Elevation” shall be substituted for "Section”.

b. When exterior wall elevations are noted by compass direction (e.g., North
Elevation) elevation marks are not required.

4.5.7 Details
a. Details are blown-up views drawn in the same plane and to the same
orientation as the smaller original view. Details are designated by numbers in
numeric order, i.e., 1, 2, 3.

b. When a detail is taken and drawn on the same drawing, the detail mark and
title shall appear as follows:
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AR
\=/

Detail Mark il it

c. The procedure for indicating detail reference drawing numbers shall be the
same as for sections.

d. Numbers used for detail marks may be duplicated on the same drawing if the
reference drawing number is different. However, numbers used for detail titles
shall not be duplicated on the same drawing.

4.5.8 Dimensions and Drawing Scales