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D. M. Crutchfield (NRC) to S. T. Brewer (C-E),
dated December 21, 1990

Dear Sirs:

The reference requested additional information for the NRC
staff review of the Corbustion Engineering Standard Safety
Analysis Report - Design Certification (CESSAR-DC).
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please c.ntact me or Mr. S. E. Ritterbusch ce my st<*,ff at

(203) 285-5206.
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. Number: 420.4 (7)

Question:- This question requests C-E to provide design _ details so that the
staff can evaluate the system / equipment design with respect to all
appropriate regulations and standards. C-E is requested _to provide
examples which address most of the Instrumentation and Control
(l&C)-equipment. The first example requested is the Core
Protection Calculator. The staff is relatively familiar with this
equipment and C-E has a current complete design available from
which an appropriate level of detail could be provided.

The second example requested is equipment which is in the C-E scope
but has not been completely designed, or selected and may not be
finalized until after design certification. Possible examples
could be the programmable logic controllers for the Emergency
Safety Features Actuation System (ESFAS) or the Integrated Process
Status Overview (IPS0) panel.

The third exam >1e requested is for equipment outside of the C-E
scope for whic1 interface requirements are to be established. As
identified in the DC (7.1.1.4.L), the Heating, Ventilation and Air
Condition'ng (HVAC) systems are to be supplied by others. Since
the HVAC is important as an I&C support system, the staff must make
a determination that the design is acceptable and the necessary
level of design detail (or requirements) is included or referenced
in the DC.

Response:' Example 1:

CESSAR-DC Sectiva 7.1.2 " Identification of Safety Criteria"
describes-compliance with applicable sta'dards and regulations
and/or references to other parts of CESSAR-DC where the design's
compliar.ce is discussed further.

The Core Protection Calculators are discussed in Section
_

7.2.1.1.2.5, Initiation logic, bypasses, interlocks, testing and
-analysis are-described-in the applicable sections of-7.2. This
information is consistent with that supplied for staff n/iew in

.other recent FSARs. -

Additional Core Protection Calculator documentation can be found in
C-E document NPX80-IC-SD570*, Rev 00, " System Description for Core
Protection Calculators for Nuplex 80+."

-

*This document-is considered proprietary to Combustion Engineering-

_

,_

-Inc. Access to this -' document will be provided to- facilitate NRC
-

staff review of CESSAR-DC.- Information from this document
determined to be necessary to support the staff's safety-finding
will be placed in CESSAR-DC in a future amendment.

o
'

.
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There are three basic changes to the CPC from System 80:

1. The data links between the CEA input multiplexors and the
calculator have been extended so that the multiplexors can be
located remotely (i.e., near the containment penetrations).

2. The-data links between CPC channels have been extended so the
channels can be located in geographically separate rooms.

3. A rod motion block signal and reactor power cutback initiation
signal have been added to limit the effects of CEA related
events. These signals interface to the Power Control System
via the PPS Interface and Test Processor.

Example 2:

Additional design details describing the programmable logic
controllers for the Engineered Safety Features Actuation System
(ESFAS) are provided in the following documents:

o NPX80-IC-SD640*, System Description for Component Control
Systems (CCS) for Nuplex 80+

o NPX80-IC-DP640-Ol*, Design Procedures for Component Control
System Component functional Grouping for Nuplex'80+

The Integrated Process Status Overview (IPS0) panel is described in
CESSAR-DC Section 7.7.1.5.2. Additional design details describing
the IPS0 panel are provided in the following document:

o NPX80-IC-SD791-Ol*, System Description for Control Complex
Information System for Nuplex 80+

The information contained in these documents is representative of
the information provided in system descriptions of all other Nuplex
80+ instrumentation and control systems. C-E considers this
information final in that it is suitable for procurement of

I implementation hardware. Information determined to be necessary
' for the staff's safety finding will be included in CESSAR-DC,

Example 3:

The Emergency Operations facility, Operational Support Center and
the Laboratory Facilities, are examples of items outside the scope
of System 80+. Consistent with 10 CFR Part 52, conceptual
descriptions for these facilities are provided in CESSAR-DC (see
the response to RAI 810.1 provided in C-E letter LD-91-013, March
15, 1991.

*This document is considered croprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.
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Number: 420,5 (7)

Question: This question refers to the EPRI Utility Requirements Documents
(VRD), Chapter 10. In the LRB, C-E provides a listing of the
differences between the C-E DC document and the EPRI RD. One area
identified is the Advanced Control Complex. This question is a
general question related to the many items listed in the EPRI RD
for which the Plant Designer has a task to perform. Some of the

'

tasks have been performed by C-E already, such as the basic system
functional descriptions. Some of the tasks, such as use of
simulators and selection of specific wireless communications ;

frequency allocations, may not have been completed. This question
requests C-E to address the EPRI requirements in detail and pro ide |
a listing of the tasks that have been performed or will be |
performed prior to design certification and identify the tasks at J |
the interface requirements which will not be completed until af ter ;

design certification.

Response: C-E has used the EPRI ALWR-URD, Chapter 10, as a basis for the
design process and design of Nuplex 80+. C-E is familiar with the
the requirements because of its continuous participation in the
development of Chapter 10. Since EPRI ALWR-URD goals, which go 1

beyond a safety determination, shall not be imposed as regulatory |
requirements for individual designs (Staff Requirements Memorandum
for SECY-89-311, dated December 15, 1989), we do not intend to
provide a requirement-by-requirement listing of the status of
Nuplex 80+ with respect to Chapter 10. We will, however, keep the
NRC staff informed about tne comparison of System 80+ with the EPRI
VRD. The key differences in the design philosophy of Nuplex 80+
compared to the EPRI design requirements were transmitted to NRC on
December 21, 1990 via letter LD-90-097. In terms of the design
process, C-E views conformance to Chapter 10 as an ongoing process
which does not end until after plant commissioning.

- . - . - , .- -- .
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Number: 420.6 (7.1.2.10)

Question: The staff agrees that fiber-optic technology provides inherent !

electrical fault isolation. Though the independence and separation
provided by the fiber-optics will satisfy the Regulator Guide 1.75,
the DC claims that the fiber-optic technology will ensure that no
single credible event can propagate. Single credible events can
include random bit errors or power supply loss which are not unique
to fiber-optics but should still be addressed. This question
requests C-E to clarify that other features are required to make a
system single failure proof or that the single failure that is
being addressed is limited to electrical faults.

Response: C-E agrees with NRC assessment and will reword the sentence to "no
single credible electrical fault" in place of "no single credible
event".

Other single credible events involving fiber-optic interconnects,
such as those pointed out in the question; random bit errors,
erroneous data or power supply loss are addressed in the protection
system design. For example, the loss of a power supply at either
end of the fiber-optic interconnect will result in the receiving
end defaulting to the safe state as is the case for detectable
random bit errors.

Erroneous data is addressed by the selection of bounding failure
assumptions 11 the FMEA. Features to address multiple channel
failures from data link communication errors are also addressed in
responses to NRC Questions 420.17, 41, 48 and 58.

|
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Number: 420.7 (7.1.2.10)

; Question: This section states that systems are " generally" designed to fati
safe for the conditions listed. Provide a list of systems or parts
of systems which do r:ot meet this philosophy.

Response: All I&C systems fail " safe" (i.e., the response to a failure does ,

not exacerbate the event), there are no exceptions. The Plant
Protection System fails in a tripped and actuated condition on a
per channel basis. The Component Centrol Systems (Process-CCS and
ESF-CCS) fall in a manner tha.t will drive their controlled
components to states that e,re consistent with the mechanical
systems design..That is solenoid valves are driven to their
de-energized position, Motor operated valves and circuit breaker
operated components will remain "as is". Contactor operated devices
are driven to a deenergized state. 1&C systems fail consistent
with failure modes of conventional I&C systems. The word i

" generally" will be-deleted. This subject is also discussed in
response to Question 420,41.

i

f

J .

|
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Number _:- 420.8(7.1.2.16.C.1)

Questir,n: (1) This section states that test modes are designed such'that-
they do not prevent system actuation. Does this. include
automatic as well as manual actuation? Are operator actions
required to reset from test mode to allow automatic signals to
actuate safety equipment? List any exceptions.

(2) Are there any test modes during refueling outages which
require systems to be locked out for equipment or personnel
protection?

(3) Provide a detailed explanation of the test and maintenance
philosophy for the I&C design with respect.to minimizing the
potential for human errors and spurious actions.

Response: (1) The tasting functions of the PPS cannot prevent safety system
actuation regardless of the method in which the actuation was
created, manually or automatically. C-E response to NRC
Question 420.42 describes the automatic testing process. |

The bistable function analog input check, a manual test,
requires operator / maintenance personnel actions. -To run this
test,.the operator / maintenance personnel must bypass the
desired trip channel. Interlocks ensure the other three
redundant channels cannot be in bypass. Because the_ analog-
input test can be rin-conservative, the same operator /
maintenance personnel action that applies the- test analog -

input to the selected bistable also. forces- the bistable output
to be tripped. This protection to ensure that system
actuation cannot be blocked is in addition to the single

,

channel bypass interlock described above. Termination of the
operator / maintenance personnel: test action removes the-forced
trip and the test. analog input, Removal of the forced trip
and the test input would also-result from the loss-of the trip-
channel bypass or selection of- a different- bistable -test :

: function.

During this test, the coincidence-logics (one in each of the'

four redundant channels) for this process trip are operating
in a '2 out of 3 coincidence mode, initiation of reactor trip

'

or safeguard functions are not effected.

-(2) There is no I&C equipment that must be locked out-during
refueling; however, it is anticipated that electro mechanical-

devices such as breakers will require lock-out. All-lock-outs
that render = a safety: system-inoperable will be accompanied by

. a " system inoperable" alarm in the-main control room. -In
accordance with Reg. Guide 1.47, this alarm will be

n automatically generated for all lock-outs that are expected
more frequently -than once per year.

L

{..- - - - - _
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(3);'The safety systems I&C design utilizes built-in automatic
testing that verifies most hardware functionality without.
operator' intervention. Failures are brought to the operator's
attention via alarms by_ the DPS with details provided by the
safety system's operator's module. . Hardware not easily tested
automatically, such as process instrumentation, reactor--trip
switchgear and safeguard actuated components, are tested by
written test procedures to minimize human error. The DPS
contains an application program called Computer Aided Testing 1

(COMAT).that can be used by operator / maintenance personnel to
assist in testing safeguard actuated components. COMAT
records--and verifies:

Pre-test component line-ups-

Actuated component positions and response time1. -

Post-test restored line ups-

|_
L See CESSAR-DC Sections 7.2.1.1.9 and 7.3.1.1.8 for additional

discussions regarding testing safety system I&C.

a
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Number: 420.9 (7.1.2.16.D.1)

Question: If the non Class lE Data Processing System is used to monitor the
critical safety system setpoints describe how the information is to
be verified or validated.

Response: PPS fixed trip setpoints, or constants used in the calculation of
variable trip setpoints are checked by the PPS Interface and Test
Processors (ITP). Verification and Validation of ITP sof tware is
discussed in response to question 420.24. The trip setpoints are
also sent to the OPS as an added defense against undesired setpoint
changes.

ESF-CCS process control setpoints are periodically verified during
selection group testing described Section 7.3.1.1.8.6 of CESSAR-DC.
These setpoints are also sent to the DPS as an added defense
against undesired setpoint changes.

I

- - - - - - - - - - - - - _ - - -
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Number: 420.10(7.'l.2.17.C)

Question: (1) This section states that all by> asses are at the channel
level. The staff understands t11s to mean that all
intentional bypasses are input at the local coincidence logic
processors. is this correct?

(2) Can the process sensors, transmitters, fiber-optic links or
initiation logic be bypassed individually?

(3) If an initiation circuit fails, is that circuit placed in trip
or bypass?

Response: (1) No, that is not correct. The sense and command sections of ,

all safety systems are configured as four redundant safety
channels. Within a safety channel, there are multiple trip
channels. A trip-channel consists of a process sensor,
transmitter, setpoint comparator function and the trip signal:

-- which is generated by the bistable processor and is sent to a i

local: coincidence logic processor in each of the four "

redundant safety channels. The Plant-Protection System
portion of the sense and command section provides two methods

i. to bypass the function of the tri) channel. The two methods-
_ ,are referred to-as " trip channel aypass" and " operating '

bypass". - -_See Sections 7.2.1.1.5 r...d 7.3.1.1.3 of CESSAR-DC
for a description and applicati0n of the two bypass methods,
in summary, the operating byp:ns is input to the bistable
processor to block generation of the bistable's trip signal,

L - output. The trip channel bypass is input to the local '

| coincidence processor to put- the processor-in a 2-out-of-3-
!. coincidence mode, thereby ignoring-the bypassed trip signal
I input. All- bypasses are input manually at the PPS operators

- module (s)' and interface to the bistable or coincidence
processor via the interface and test processors. . It is noted-
that the functional-operation on tnese bypasses is the same as
in other C-E designs in currently' operating plants.

(2) Process sensors or_ transmitters can be bypassed using the trip
channel bypass discussed above. 'If the sensor'is used in more
- than one bistable function (i.e., high trip and low- trip),

|- each function must be bypassed to fully bypass that sensor.
Like functions may be bypassed in only one channel at a time.

Fiber optic links transmitting bistable trip signals between
channels: cannot be bypassed directly. However, in theory a
total data link can be bypassed by individually initiating

r

j trip channel bypasses for all functions in one channel (i.e,
! 16. trip functions). - This can only be-done if there are no
i= trip channel bypasses in anytother channel.
L

Initiation logic cannot be bypassed in any av, in any
channel.

__

w m: ww -1 - as-= m* +wa -v- , >,me 7- 2. m_
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(3) If an initiation circuit fails it should fail-safe (i.e., in a i

trip condition). This will result in a partial trip (1 of 4)
in the selective 2-out-of-4 ESFAS actuation logic or reactor
trip breaker arrangement. The partial trip will be alarmed :

the same as a full ESF trip and actuation and indicated by the
DIAS and DPS; the partial trip cannot be bypassed. If the
initiation circuit fails in an undesired condition the failure !

will be promptly detected and alarmed via the automatic test i

function. Since the acttiation functions in the RSTG and j
ESF-CCS work in a selective coincidence logic, this is i

'considered a degraded condition and a technical specification
LC0 will apply.
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Number:- 420.11 (7.1.2.17.C. Figure 7.2-1)

Question: If Channel A is bypassed which sensor is bypassed, if any?

! Response: -As explained in-response to Question 420.10, a trip channel bypass
created in PPS safety Channel A is associated with one bistable
trip function; not ar, entire safety channel, nor all functions from

L 'one sensor. For example, Channel A RPS steam generator low level
! trip has a Channel A-RPS steam generator low level trip bypass.
| When this bypass is activated it blocks only the Channel A RPS

steam generator low level trip signal in the RPS steam generator
low level coincidence function located in gEh of the four
redundant safety channels. it is noted that at any instant only
one trip channel can be blocked, therefore, if A is blocked, B, C,
and D must be active and the coincidence logics will-continue to
function in a two-out of-three configuration. For the example -
chosen, the same steam generator low level sensor is also used for
initiating the Emergency Feedwater System via an EFAS steam
generator low' level trip. The bypass explained above would have no
impact on this trip function. This trip function would need a EFAS< _

steam generator low level trip bypass to block its effect on theL

L EFAS steam generator low level coincidence functions.

In summary, a sensor can only be considered fully bypassed if all
trip functions associated with that sensor are each bypassed. A
stfety channel can only be considered bypassed if all trip
functions for that safety channel are each individually bypassed.

Add'tional design information is found in CESSAR DC, Sections
7.2.1.1.3 and 7.3.1.1.2.2.

1

'
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Number: 420.12 (7.1.2.21.2)

Question: For this section and several others the statement is nade that a
function is manually initiated. This question requests C-E to
clarify the intention of manual actions. These actions can range
from touching an interactive display screen to physically turning
valve stem wheels.

Response: The term " manually initiated" is used to indicate human
intervention only. It is not intended to refer to any specific
interaction mechanism. The specific subsection cited is discussing '

the PPS trip channel bypass ind, cation as regards Regulatory Guide
1.47. The indication (light /n', light) condition results from the
bypass being manually initiated or removed (i.e., human
interactions with a touch screen select device that results in the
function (signal) true or false, state). For example, if the PPS-A
high pressurizer pressure trip channel bypass touch target (part of
the PPS A remote operator modules and the local maintenance and
test panel) is touched a true PPS-A high pressurizer pressure trip

1

bypass signal is created and the PPS-A high pressurizer pressure i
trip bypass indication (part of each redundant channels' remote |operator's modules and local maintenance and test panel) is turned ;

'on.

Manual initiation of reactor trip and engineered safeguards,
required by IEEE-603 are discussed in the response to Q420.13.

Further discussion of human interactions with electro-mechanical or
electronic devices that result in manually initiated functions,

(variable trip setpoint reset, operating bypass enable, safeguard'

system component position, etc.) are found in CESSAR-DC Sections
7.2 and 7.3 as well as C-E documents NPX80-IC-SD560* " System
Description for Plant Protection System for Nuplex 80+" and
NPX80-IC-S0640* " System Description for Compencrt Control Systems
for Nuplex 80+.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will b2 provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.

!

!

_ _ _ _ _ _ _ _ _ _ _ _ _ .
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Number: 420.13 (7.1.2.22)

Question: As described in this section the amount of equipment common to-
automatic and manual initiation is to be minimized. Describe the
equipment which is common. Are there any common hardware or
software modules?

|Response: The amount of equipment common to automatic and manual initiation
is minimized.

Manual initiation of reactor trip and engineered safety features is
shown in the simplified block diagram, Figure 420.13.

]
Reactor trip manual initiation is a hardwired function which !
interfaces with the reactor trip switchgear through hardwired i

circuits in the PPS cabinet. This manual initiation function does )
not rely on the use of computers to operate. The details of this i

circuit are shown in CESSAR-DC Figure 7.2-12 and Figure 7 of
Appendix A of the PPS System Description, NPX80-IC-SD560*.

Similarly the ESFAS manual initiation interfaces to the ESF-CCS
through hardwired circuits in the PPS cabinet. The engineered
safety features manual initiation function bypasses all computers
used for automatic initiation of engineered safety features (i.e.,
PPS Bistable and Coincidence Processors). Within the ESF-CCS one
input multiplexor is common to system level manual and automatic
initiation of engineered safety features. Another input
multiplexor accepts manual train actuation and manual component
actuation signals from the operators module and component control
switches, respectively. These ESF-CCS multiplexors are independent
to the extent that credible single failures will impact one
multiplexor only.

The only equipment common to all engineered safety feature
initiation (automatic and manual) is the subgroup master control
processor. This processor utilizes a redundant hot standby
processor for increased reliability. To enhance software
diversity train actuation (manual and automatic) and manual
component actuation signals are processed in the software logic at
different levels as shown in CESSAR-DC Figure 7.3-2.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document

|
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.'

1
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Number: 420.14 (7.1.2.25.A)

Question: The staff requests C-E to avoid the use of the caveat 'to the
extent practicable" in this section or others. With the design
certification format this would be a difficult item to verify
during construction as to the original scope and intent of the
requirement. The staff does not disagree with the statement about
subcomponents but is simply attempting to understand the design
more accurately and to minimize future disagreements. What is the
intent of this caveat and how would it be standardized?

Response: In Amendment I, C-E has minimized the use of the phrase 'to the
extent practicable" in this and other sections of CESSAR-DC.
Instead, where all encompassing statements cannot be made, the
specific exceptions are cited. The use of "to the extent
practicable" in CESSAR DC Section 7.1.25.A results from
paraphrasing the words of Regulatory Guide 1.73, Section C.1, which
states: "To the extent practicable, auxiliary equipment (e.g.,
limit switches) that is not integral with the valve operator
mechanism but will be part of the installed valve operator assembly
should be tested in accordance with the subject standard." The
intent of this specific caveat is to allow the use of valves which
have been qualified and used in previously licensed applications
and which have subcomponents which are intograted with the valve
operator.

|

,
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Number: 420.15 (7.1.2.32)

Question: Describe the software verification and validation to be used for
the non-Class lE systems.

Respunse:- The software verification and validation to be used for the
non-Class lE systems is described in the Nuplex 80+ V&V plan,
document NPX80-IC-VP-790-00*. The major difference between safety
systems and non-safety systems V&V is the degree to which the
personnel conducting the V&V activities are independent from those
personnel who are actually generating the design. This level of
independence is shown in Figure 2-0 of the Nuplex 80+ V&V plan.
This figure has been corrected from its original issue. A

'

corrected copy is included herein as figure 420.15. In sungnary,
for non-safety systems, some V&V activities may be conducte.1 by

1

members of the system design team (although not the specific '

designers that generated the work). For safety systems all V&V i

activities are conducted by persons not on the design team; the |

designers and verifiers report to different first line managers.

|

I
*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAr.-0C. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

;
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Figure 420.15

VC Reviewers

important
to Safety or

Non-Safety Avail abilit:s_ Safety

functional Requirements RT/DT or DT/VT RT/DT or RT/VT RT/DThVT

System / Software
Description DT/RT or DT/VT DT/RT or DT/VT DT/RT&VT

System / Software
Specifications DT/DT DT/RT or DT/VT DT/VT

System / Software
Implementation DT/DT DT/VT DT/VT

Module Test Procedure DT/DT DT/VT DT/VT

Module Testing DT/DT DT/VT DT/VT

System Test Procedure DT/VT or DT/RT DT/VT or DT/RT RT/VT

System Testing RT/DT or VT/DT RT/DT or VT/DT RT/Vi

Key XX/YY: XX = Originator
YY = Reviewer

DT - Design Team
RT - Requireient Team
VT = V&V Team

L- System Sys: PPS, E-CCS, PAMI
Important Sys: DIAS, P-CCS, PCS
Non-Safety: DPS, NIMS, SOE

L
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' Number: 420.16(7.1.3)

Question: This section address stable and noise free power to the I&C
equipment. Are any specific standards to be referenced? What are
the requirements for electromagnetic and radio frequency

- interference?

Response: Vital Instrumentation and Control Power Systems are addressed in
CESSAR-DC . chapter 8, section 8.3. Vital Instrumentation and
Control Power Systems power stability specifications are 120VAC i
2% regulation at full rated load and 60Hz-10.5Hz, total harmonic

- distortion not to exceed 5% RMS, with no more than.3% distortion in
any single harmonic. Typical I&C equipment specifications require
120VAC 10%, 60HZ i 3HZ and 5% minimum harmonic distortion. For
the 125VDC vital power supplies voltage regulation is required to
be between 105VDC-140VDC.

- Electromagnetic and radio frequency interference requirements to
- which.1&C equipment is designed are addressed in )

E NPX80 IC-QC790 00*, " Qualification Guidelines for Instrumentation
{and Controls Equipment for NUPLEX 80+" which references ~

c

MIL-STD 461C, " Electromagnetic Emission and Susceptibility |
Requirements for.the Control of Electromagnetic Interference"
(sections RS03, RS02, CS01, CS02 and CS06).

..

This document is considered proprietary to Combustion Engineering,*

Inc. - Access to this document will be provided to facilitate NRC
o - staff review of CESSAR-DC. Information from this document
( determined to be necessary to support the staff's safety finding
;- will be:placed in CESSAR-DC in a future amendment.

. -
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-Nubber:- 420.17 (7.1.3.E)

-Question: Describe the tests and/or analyses that will be used to demonstrate
that failures in non-Class IE will not degrade the Class lE
circuits.

Response: A fault ' isolation ' qualification program is described in the
following document:

o NPX80-lC-QG790-00*, Qualification Guidelines for
Instrumentation and Controls Equipment for Nuplex 80+.

The qualification program as described will be applied to
demonstrate that electrical faults that might occur in non-Class lE
equipment will not propagate to potentially degrade the Class lE
circuits, f ault isolation qualification will be conducted in
accordance with IEEE Std. 384-1981 as augmented by Reg. Guide 1.75
using test signal levels representative of worst case credible
fault exposure levels. Testing will not be applied for fiber optic
cable which inherently provides requisite electrical fault >

isolation. :

It should be noted that, in the Nuplex 80+ designs, dataflow is
unidirectional from Class lE systems to non-class IE. systems.
Separate communication processors are utilized to protect the Class
IE functional processors from handshaking and-data communication
errors.

Qualification fort the potential effect on Class lE systems of L
-

communication errors caused by hardware failure or software error
; originating in non-Class IE systems is an integral part of software

verification and validation for all Class lE systems. Validation
test methods-are developed on a case by case basis and are based on
the. software, hardware and data protocois in use. The V&V program
is described in NPX80-IC-VP790-00*, Verification and Validation

p Plan for Nuplex 80+.

L
c

'*This document is considered proprietary to' Combustion Engineering ,

Inc. Access =to this document will be provided to facilitate NRC *

staff review of CESSAR-DC. Information from this: document
|; determined .to be necessary to support the staff's safety- finding

will be placed in CESSAR-DC in a future amendment.

!
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-

Number: -420.18(7.1.3.H)>

s

Question: .De' scribe the difference between " deliberately made inoperable" and
bypassed. Would different operator actions or technical-
specifications be required? -

Response: In the' context of Section 7.1.3.H. the terminology " deliberately
,

made inoperable * and " bypassed" are synonynous. . Both phrases imply - >

degraded system operability. The extent of operator actions.
required-or technical specification limitations are dependent on~ '

the extent of system degradation, for example, the bypass of a
single channel of a 2-out-of 4 logic function (placing it -in a -

2-out of-3 condition) would not impose a technical specification
limitation, since the remaining configuration still meets the
design basis single failure criteria. However, reduced functional
operability such as the disabling of one train of a two train
system (i.e., Containment Spray System) would impose technical r
specification limitations, since the remaining configuration does -. [

,

not meet the design basis single failure criteria. '

>
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Number: 420.19(Figure 7.1-4)

Question: Provide a description or drawing which shows the extent of shared
taps, lines, and reference legs. Provide justification for any
sharing proposed in the design.

Response: All Nuplex 80+ sensor taps, lines and reference legs are designed
to meet Reg. Guide 1.151. Redundant safety channels are
independent and control channels are independent of safety
channels.

For the non-safety related Alternate Protection System (APS) taps,
lines and reference legs are shared with safety-related sensors.
This is acce) table in accordance with Reg. Guide 1.151, since a
failure in tie APS or its sensing lines will not cause a plant
condition requiring protective action. This is also acceptable per
10CFR50.62, since sensors are allowed to be shared between primary
and back up protection systems. This sensor arrangement is shown
in the following Piping and Instrument Diagrams (P&lDs):

o CESSAR-DC Figure 5.1.2-3, Pressurizer and Safety
Depressurization System P&I Diagram,

o CESSAR-DC Figure 10.1-2, Main Steam and Feedwater System flow
Diagram.

It is noted that in several cases, safety related sensors are used
for control through the application of electrical isolation and
signal validation. This design approach has eliminated shared

,

sensing lines between control and protection sensors that exist on'

previous C-E plants. This is addressed in the response to Question
420.38.

|

|
t

.
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i

Number: 420.20(Figure 7.1-40) o

Question: This~ drawing shows the Supplementary Protection System (SPS).;

Section 7.1.1.7 states that the SPS is- being replaced with the
Alternate Protection System (APS), By which name is the system to
be named 7 . Also, this drawing shows the system to be Class IE while
Section 7.7.1.1.11 shows the APS to be a non Class lE-system. Is
the system lE or non lE7

-Response: Figure 7.1-4C depicting the Supplementary Protection System (SPS)
was removed from CESSAR DC in an earlier amendment. Section .

7.1.1.7 correctly states that the SPS, a Class IE system, is
_

replaced by'the non-lE Alternate Protection System (APS) in the .

Nuplex 80+ design. The APS, described in Section 7.7.1.1.11, is a
non-lE system as allowed by 10CFR50.62. The correct name given to-
the "ATWS system" in the Nuplex 80+ design is the Alternate

,

Protection System (APS).

1 ;

|

i

( -.

! !

- j.

D -t
{ [-

L

l'

x ,

t <

1

l

: _ . _ . _ _ - . _ . _ _ _ . , _ _ . _ . . _ _ _ _ _ . . . . _ . , _ _ _ _ _ _ _ _ _ . , . _ _ . _ _ _ . _ _ _ _ _ . _ . . . . _ . _ _ . . _ _ _ .



. __. _ _ . . _ _ _ _ _ . . . ___ ___ _ . _ _ _ _ _ . _ . . _ . . _ _ . _ . . _

SJWO92/ 23 ,

'

,

1

Number: 420.21(7.2.1.1)

Question: The second paragraph contains the statement that the fourth channel
is provided as.a sptre and allows bypassing of one channel while
maintaining a two out-of-three system. Is C-E's intention to
license -the plant as a two out-of-four plant in which case a bypass
would be a technical specification limiting condition for operation
with a time limit or is the intent to obtain the design
certification based on a two out-of-three design that would allow
indefinite bypass of the spare channel? How would this be
evaluated in the PRA?

Response: C-E's intention is to license the System 80+ plant for
two-out of-three trip channel operation with a fourth trip channel
included as an installed spare. This rpproach allows indefinite I

bypass of any one of four trip channels without imposing technical l
specification limiting conditions for operation. I

The PRA evaluation for the System 80+ design is based on typical
plant operating modes with consideration given to the minimum
number of trip channels operable. For this design, the typical
number of operating trip channels is four while the minimum number
of operable channels is three,

t
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i

' Number:- 420.22(7.2.1.1.3)

Questioni-'The system described is a two out-of four system which can have one
channel in bypass. This leaves a two out-of three configuration q
which allows any single failure and would still complete the logic. '

Provide a comparison of this design with Section 0.3.2.4 of the
EPRI URD Chapter 10. This section of the EPRI document requires
the reactor protection system to withstand two single failures and
still perform its function. Bypass capability is not addressed.
Provide a sumary list of all I&C areas that differ from the EPRI
URD.

Response: The RPS design of Chapter 7.2 of CESSAR DC meets the requirements
of EPRI URD _ Chapter 10, Section 8.3.4.2, " Effects of failures ine

RPS on Protective Action." While C E agrees that bypass capability
-is_ not addressed here, C E believes that EPRI-did not intend to
preclude bypass capability. They do discuss bypass capability
elsewhere:in their document (Section 3). C E believes that EPRI
did not intend that two failures be accommodated with a channel:in
bypass,

1

A list and-discussion of key differences between the EPRI ALWR-URD '

o'
-andithe System 80+ standard design were transmitted-to NRC on

F December 21,.1990(vialetteri.090-097). Thit transmittal
provides the key. differences in the entire System 80+ design. l
Please see the Response 420.5 for ;dditional information. :)
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.. Number: 420.23(7.2.1.1.8)

Question:- This -section states that the design will assure that predictable
common mode failures do not exist. The staff agrees with this '

design goal but is also concerned with unpredictable common mode
-failures. 7.2.1.1.8.E discusses a degree of functional diversity.
7.2.1.1.8.G states that the Reactor Protection System (RPS)-and
Engineered Safety Features (ESF), systems use different design types
which eliminate hardware and software design common cause failures.
This question requests an elaboration of this statement. The staff
considers software design errors to be a credible fault and,
therefore, all modules which share common software design are
subject to common mode failure. The information to be provided by
C-E should specifically address the design features which either
eliminate the potential for common mode failures between redundant
channels of the safety systems or provide alternate, diverse means
to accomplish the same task. One method that has been discussed is
the non-safety systems which C-E has stated are designed with
diverse equipment from the safety equipment. If this option is
considered, C-E should address the possibility that the safety
systems will not be utilized until the non safety systems are
already disabled and unable to provide a diverse method of
'providing a specific function. The staff notes that page A 102a
A-47, " Safety Implications of Control Systems," of the DC states
that non-safety grade control systems are not relied on to perform
any safety functions.

Response: Section 7.2.1.1.8.G has been changed' in! Amendment _I to-state, the
" Process-Component Control System and Power Control System utilize
different diverse designs from the PPS and ESF-CCS." The PPS and
ESF-CCS are of the same design type; similarly, the P-CCS and PCS
are of the same design type. Common mode software failure concerns
are addressed by the defense in depth-apprcach described in
response to: Question 420.25. Specific segmentation included in the

L ' PPS and specific diversity features between control and protection
g ; systems are described below.

(1) Seamentation Within the PPS - Whenever the reactor-trip
transient analysis indicates _there are diverse sensors
detecting the transient, the sensors-are assigned to at least
two different bistable and coincidence processors. In cases
where there is only one sensor available to detect the event
'that sensor is also assigned to two processors to minimize _the

| effects of single processor errors. -This is shown in Table 1-
of NPX80-IC-SD560*,: Appendix A.3 The same approach is used for.
the engineered safeguard transient-analysis. This is in

L Table' 2 of NPX80 IC SD560*,t Appendix A.

*This document is considered proprietary to Combustion Engineering,
Inc. : Access ~ to this document will be _provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

L
_ _ _ - . _ ._
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I(2) Diversity Between Control and Protection Systems - Nuplex 80+
includes diversity in the system designs as follows:

System System
Function Desian Tvoe 1 Desian Tvoe 2

Reactor Trip Plant Protection Alternate Reactor-
System Trip Within

Process - CCS

Fluid System Emergency Success Normal Success-
Controls Paths (e.g., Paths (e.g., Main-

Emergency Feed- Feedwater via
water) via ESF-CCS Process - CCS

Reactivity Emergency Boration Normal CEA
Controls via ESF-CCS Control via

Power Control
System

Alarm and Alarm Tiles and CRT Displays -
Indication Discrete Indica- via-DPS

tors - via DIAS

To elaborate on this philosophy, Figure 420.23 defines all critical
safety functions and identifies the plant systems available to
maintain those functions (i.e., success paths) and the I&C systems-
-that control them.

*
Regarding the philosophy to credit control systems for defense f

against. common mode failures, C-E is following prior licensing
precedence. The Plant Protection-System and ESF-CCS in Nuplex 80+
design perform safety function's to mitigate design basis events.
The ATWS rule,10CFR50.62, set a precedence-for; dealing with common
mode safety system failures by utilizing non-Class.1E systems to
cope with beyond-design basis events. This precedence ~was_followed
in the System 80 design and is also followed in the Nuplex 80+-

-design as indicated in the above comparison..
'

-

It is noted that the' availability of System 80+ non-safety systems- .

is- significantly improved then compared to previous licensed -
designs due to the addition of battery-backed power to all Nuplex
80+ control systems and the Alternate AC gas turbine generator to
power the plant's non safety mechanical systems.

.

C-E agrees tha events can occur which would result in these
non safety systems.being only partially' effective. ~ llowever, since
-these disabling events have a very low frequency of occurrence and
a common mode protection system failure has a very low frequency of-

- occurrence, the frequency of these occurring simultaneously is -
sufficiently low to be considered outside~the design basis.

|-
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Number: 420.24 (7.2.1.1.9)

Question: This section states that the automatic testing does not degrade the
ability of the RPS to perform its intended function. Describe the
verification and validation of the testing software. Is the
automatic test feature qualified as Class IE7

Response: The RPS automatic testing is not considered a Class lE function;
however, the test software is designed, verified and validated in
accordance with the same program as the RPS trip software which is
Class lE. This verification and validation program is described in
the following document:

o NPX80 IC VP790 00*, Verification and Validation Plan for
Nuplex 806.

The RPS is qualified to ensure that the test software cannot impact
RPS performance under valid trip conditions. The test system is
designed to Class IE requirements that include channel
independence, seismic integrity and verification and validation.
It is only demonstrated, however, that the test system will not
impede RPS operation during design basis events. This approach is
taken because historically, hardware su) porting the RPS trip
functions is considered Class IE while lardware for RPS testing has
not been considered Class lE.

Periodic manual testing is used to confirm proper operation of the
automatic test system for Nuplex 80+.

*This document is considered proprietary to Combustion Engineering.
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this doce.,ent
determined to be necessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.

. - _ - . - _ --
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Number: 420.25 (7.3.1.1.6)

Question: C-E is also requested to address in greater detail the design
features that eliminate common mode software errors as a concern
for the ESF 1&C systems.

Response: C-E employs a defense in depth approach to eliminate common mode
software errors as a concern for the Nuplex 80+ instrumentation and
control systems. This approach is summarized as follows:

Deterministic Design - The algorithm execution in the Nuplex 804
control and protection systems is deterministic. This means that
all data is updated on a continuous cycle and all programs execute
on a continuous basis, without interrupts. This approach makes the
software easier to design, verify and validate. The potential for
hidden errors is significantly l';wer than in other designs which
include multi-tasking, event based execution, event based data
communication, or interrupts. None of these non-deterministic
features exists in the Nuplex 80+ control and protection systems.

Fiel
TR __d

Proven Products - Operating system sof tware for Nuplex 80+
systems is selecIed with three (3) years minimum of field

experience in similar applications. These products are mature and,
therefore, judged to be free of infant design errors.

Verification and V&lidation - for custom sof' ware generated by C-E,
a comprehensive V W program is employed, including independent
document review and independent test. C-E has been using this
approach to produce reliable, qualified Class lE CPC sof tware for
more than fifteen (15) years. The V&V program for Nuplex 80+ is
described in the following document:

o NPX80-IC-VP790-00*, Verification and Validation Plan for
Nuplex 80+.

Application software is subjected to the rigorous V&V program
defined above. inde endence is maintained between softwarec
development and verification personnel, Utility-Owner
configuration controls are also imposed throughout the software
life cycle. The V&V program minimizes the potential for
introduction of common mode sof tware errors during the design phase
and during commissioned life of the system.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC

,

staff review of CES5AR-DC. Information from this document'

determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

I
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SegLncalit1ED Within all Nuplex 80+ systems, including the PPS
ESF CCS, and Process CCS functions are divided into separate
processors. Segmentation within each PPS channel ensures that two
different trip functions are available in two separate processors
for each design basis event. Similarly, within ESF CCS Trains A
and B, ESFAS functions such as SIAS and EFAS are distributed to
separate control processors. Within the Process CCS critical plant
control functions, such as inventory control, heat removal, etc.,
are distributed to separate control processors. The potential for
simultaneous errors in these multiple processors is minimized,
since functional diversity is utilized and since software execution
is asynchronous.

Diyfrsity - Diversity offers the final defense against common mode
failures. All critical safety functions, such as reactivity
control, inventory control and heat removal, can be controlled by
both the control systems and the protection systems. These systems
are functionally diverse, as are the fluid / mechanical systems they
control. In addition, to correspond with the hardware diversity of
these fluid / mechanical systems, C E employs both hardware and
software diversity between control and protection I&C systems to
climinate the potential for common mode failures. This diversity
exists in all sof tware based aspects of these systems, including
processors, multiplexors, communication networks and MMI devices.
This same diversity philosophy is applied between DIAS and DPS to
ensure availability of control room information. Additional
dive nity information is given in the response to NRC Question
420.37.

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.
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Number: 420.26(7.4.1.1.9.3)

Question: The Safety injection System (SIS) and Chemical and Volume Control
System (CVCS) are diverse. Does this diversity include the I&C
portions?

| Response: Instrumentation and controls f r the Safety injection System (SIS)

and Chemical and Volume Contro System (CVCS)he CVCS is controlledare diverse. The SIS
is controlled by the C1&ss lE LSF-CCS while t
by the non Class lE Process CCS. These two I&C systems are diverse

| in both hardware and software. The diversity is applied in all
sof tware dependent hardware elements such as CPU's, memory andi

datalinks. Diversity is not employed for components where
extensive operating experience is known such as wire and switches.

.
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Number: 420.27 (f able 7.5-3)

Question: The Reactor Coolant System (RCS) Boron Concentration is shown with
a range of 0-5000 ppm. RG 1.97 has a range of 0-6000 apm for this
parameter. Exceptions from RG 1.97 guideline should se

specifically noted and justified.

Response: 0-5000 ppm for the upper end of the boron concentration is
consistent with C-E's System 80 design as implemented at Palo
Verde. The diluted boron concentration for System 80+ for cold
refueling conditions is 2150 ppm and SIS tank boron concentration
is 2000-4400 ppm; therefore, the extended range to 6000 ppm is
unnecessary and would not be utilized. Reducing the range to worst-
case useful levels results in increased accuracy in concentration
readings.

- _ - - _ _ - _ - _ _ _ . _ -
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Number: 420.28(7.7)

Question: Section 7.7.1 address the IPSO, Data Processing System (DPS), and
Discrete Indication and Alarm System (DIAS) in the Advanced Control
Complex. Section 7.7 is titled '' Control Systems Not Required for
Safety.* This question requests C-E to provide a drawing or
listing which clearly delineates the safety grade and non-safety
grade displays and controls in the main control room, l

Response: Each of the Nuplex 80+ system functions have been analyzed to
,

determine the characteristics it must have to meet the required '

sections of regulatory guides and standards that apply to that
system (Reg. Guide 1.97, NUREG-0696, NUkEG-0737, IEES-497, etc.) as
well as desired reliability and performance characteristics. The
following chart provides a definition of the key characteristics
associated with the Nuplex 80+ indication and control systems:

Non-lE/ Category I (PCS, Process-CCS, DPS)

No Credited Redundancy-

Non-seismic (with exception of MCP/RSP mounted equipment)-

Joint Ver3fication-

Joint Validation-

Multi-task CPUs-

Interrupt Driven (Process-CCS, DPS)-

Minimum Interrupts (PCS)-

Not Completely Deterministic-

On-line Changeability-

Non-restrictive Data Communications (Process-CCS, DPS)-

Limited Restrictive Data Communications with Isolation (PCS)-

Non-lE/ Category !! (DIAS-P, DIAS-N)

Redundancy thru Systems-

Seismic Design-

Independent Verification-

Independent Validation-

Independent QA-

Cortplete Configuration Control-

Corrective Actions Program-

Multi-task CPUs-

Minimum Interruots-

Deterministic Performance-

Off-line Changes Only-

Restricted Data Communications with Isolation-

ClassIE/ Safety'(rPS,ESF-CCS)

Channelized Redundancy-

Seismic-

Independent Verification-

_ _ _ __
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Independent Validation-

Independent QA-

Complete Configuration Control-

Single Task CPUs-

flo Interrupts-

Deterministic Design-

Off-line Changes Only-

Read only Data Comunications with Isolation-

,

f
I
i-
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Number: 420.29 (figure 7.7-6)

Question: Provide a description of the capabilities of the load dispatcher.
Does this design include the capability of a remote load dispatcher
to move control rods or otherwise directly affect plant operation 7

Response: The load dispatcher does not have the capability to directly move
control rods. The dispatcher can, however, effect plant operation
using the Megawatt Demand Setter (MDS). When the MDS is in the
Automatic Dispatch System (ADS) mode, the load dis)atcher can
demand turbine load changes which are limited by t1e MDS to within
operating limits of the NSSS and B0P systems. The MDS continuously
calculates available NSSS and B0P operating margin based on trip
margins from the PPS and operating margins from the Core Operating
Limit Supervisory System, if adequate margin exists, the
dispatcher's loading request is sent by the MDS to the turbine
control system. The NSSS will then respond by following turbine
load, failures of the MDS, such as erroneous demands, are bounded
by worst case turbine control system failures which are
accommodated in the plant safety analysis. The Nuplex 80+ MDS
design is equivalent to the MDS designs for Arkansas Nuclear One -
Unit 2 and Louisiana Power and Light Waterford Unit 3. The MDS is
described in CESSAR-DC Section 7.7.1.1.3 and in the following
document:

o NPX80-IC-SD650*, System Description for Megawatt Demand Setter
for Nuplex 806

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

- _ _ _ _ -
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Number: 420.30(AppendixA,pageA123d,1.0.4) |

Question: This section of the Control Room Design Standards in the DC note
that the control room should be designed only af ter a full analysis '

of the control tasks has been performed. This is similar to many :

of the EPRI requirements which require many designer tasks early in
the design. Has this specific analysis been performed and is it
available for review?

Response: A gross functional task analysis was performed prior to design of
the main control room and panel arrangements for Nuplex 80+. A
functional analysis was performed for the System 80+ design
followed by a detailed task analysis to support the detailed design
of the RCS panci controls, alarms and displays. The methodology
and examples of the results are provided in Section 18.5 of
CESSAR DC. The full task analysis report is available in Volumes 7
and 8 of the Nuplex 80+ Reference Design Documentation
(NPX80 IC DP 790 02*). It is available for review and is based on
previous task analysis methodology a) proved by NRC as part of thei

Detailed Control Room Design Review )rocess (see CEN 307). The
same task analysis methodology, and _ control, alarm and display
methods are extended to each panel in the control room.

.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.!

|

|

|

i

i

I
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Number: 420.31 (7)

Question: Provide the verification and validation (V&V) plan that is betrg
used for the development of the Nuplex 80+.

Response: Verification and validation of the Nuplex 80+ man-machine interfact
is described in CESSAR-DC Section 18.9. The Verification and
Validation Plan for Nuplex 80+, NPX80-IC-VP-790-00*, Revision 00
provides additional information and is available (for review) in
the Nuplex 80+ Reference Design Documentation *.

*Thi$documentisconsideredproprietarytoCombustionEngineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

_--__ ___-__ _ _ _
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Number: 420.32 (7)

Question: Provide the V&V plan that will be used for the ESF 1&C systems. In
particular address the verification and validation of commercially
purchased components. Of specific interest to the staff is the
method to be used by C-E to qualify the distributed micro >rocessors
(PLCs), for example, if a PLC is provided by a company w11ch in
turn used chips and instruction sets from a subvendor, describe the
method by which the end user would be notified of an error in the
original instruction set.

Response: V&V for the ESF-CCS is in accordance with the generic Nuplex 80+ ,

V&V plan provided in response to 420.31. Regarding the use of I,

commercially purchased components, including software based |
'

products such as PLC's, C-E has established a commercial component '

dedication process that is controlled by our internal Quality !
Assurance Program (NRC approved). j

With respect to hardware, the program includes testing and/or I
analysis of commercial components to demonstrate qualification for I

intended use and configuration controls to ensure conformance of !
'

nth-of-a-kind components These configuration controls include
incoming inspections and/or tests. In cases of complex products,
C-E verifies the acceptability of configuration controls, failure
analysis and corrective action reporting methods used by the
original equipment manufacturer.

The commercial software dedication process is similar. Commercial
software is procured only from suppliers that have an acceptable
software development process which includes testing, configuration
control and error / corrective action reporting. C-: then verifies
the acceptability of the software through baseline (see response to
420.32) and module level application testing and then conducts
validation testing at the system level. Throughout this dedication
process the procured software is maintained under C-E's own
configuration and error reporting control,

in response to the specific question addressed, "... describe the
method by which the i d user would be notified of an error in the
original instruction set.", for both hardware and software, C-E
reviews and accepts the original suppliers internal QA program.

,

This program must include error and corrective action reporting to
| C-E. Upon notification of software errors (or hardware errors),

C-E would then evaluate the impact of these errors on our specific
application (s) of the product and notify our customers accordingly,
if appropriate, a 10 CFR Part 21 report to the NRC would also be
generated.t

|
| C-E's QA program is designed to minimize and detect defects.

However, a more significant factor contributing to overall
reliability is that Nuplex 80+ employs only proven products. A
proven product is defined as equipment or commercial software which

, _ _ _ _ _ _ _ _
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I

has been in the field for at 1 cast 3000 operating years or has an |
equivalent installed base (e.g., 3000 units for 1 year). It is
generally believed the.t this is sufficient time to detect errors in
both software and hardware.

1 1

|

|

|

|

t

|

;
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i

Number: 420.33(7)

Question: Provide a descri) tion of the method used by C E to assure that the
compilers, assem)1ers, debuggers, and other tools used by C E and
software suppliers are reliable.

Response: In order to assure that compilers assemblers, debuggers and other
tools used by C-E to develop and test software are reliable the
following method is implemented. Procured products are logged intoa

a record keeping (tracking) system on receipt. The product is then
i tested using existing proven software. On successful completion of
i these tests it is then released for custom software development

use. Errors during use are logged and tracked along with any
potentially damaging results and corrective actions. Software
problem reports are then generated and submitted to the originating .

company. Problems are followed up for resolution and subsequent
product revision. Each new revision goes through the same process
as a new product before release for development use.

Regarding reliability assurance of software development tools used.

by suppliers, C E does not impose specific reliability controls.
.'

However, it is noted that C E uses the same baseline testing
process described above for new revisions of procured executable,

software. Therefore, errors in the supplier's development tools
can be detected before the software products are released for use
within C E.

t

-

:

I

?
,

I
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Number: 420.34(7) ;

Question: Identify any design standards, other than those required by the |,

NRC, that are used for this design. ;
i

Response: The Nuplex 80+ design utilizes primarily commercial products. The )
i product documentation references numerous industry design standards |

other than those required by the NRC. Those standards which are
specifically required to ensure the safety of the design are >

referenced in CESSAR DC, Section 7.1. Additional industry
standards which relate to product durability, not safety, are only i
specified in the individual system documentation, based on their
applicability to the system, the nuclear industry, and past >

experience. Typical families of standards which are referenced
include the following:

AISI American Institute of Steel Construction-4

ANS American Nuclear Society
-ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASHRAE' American Society of. Heating Refrigeration & Air>

Ccnditioning Engineers-
AWS~ American Welding Society4

' EIA ' Electronic Industries Association
HFS -Human Facters Societys

i ICS Industrial Controls & Systems
'

,

IEEE Institute of Electrical & Electronic Engineers
ISA . Instrument Society of America
IPCEA Insulated Power Cable Engineers Association
MIL-STD Military Standards:

NEC National Electric Code
NEMA National Electrical Manufactures Association
NFPA National fire Protection Association
NRC NUREGs
UL Underwriters Laboratory

,

,

!-
,

~

!

:

|
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Number: 420.35 (7)

Question: Describe the method to be used to measure or estimate the
reliability / availability of the safety system 1&C components and
subsystems. Or particular interest to the staff is the reliability
of microprocessors, software, Cathode Ray Tubes (CRTs), plasma
displays, fiber optic links and any other relatively new technology
used in this design.

Response: Reliability / availability of all Nuplex 80+ 1&C components and
subsystems is established in the following way. Each component
vendor supplies mean time between failure (MTBF) ard mean time to-
repair (MTTR) information on their products. Due to the field
proven requirement for any products used in Nuplex 80+ this
information is readily available. This information is then used in
an availability analysis of the particular system. Parallel or
backup systems or components are provided to achieve high
availability. In addition in designing for random failures,
diversity between similar systems is also provided as in the case
of the Data Processing System (DPS) and the Discrete Indication and
Alarm System (DIAS) or the Control and Protection Systems, to
provide defense against common mode failures.

_ ____- -____-__- _ __ _ _
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Number: 420.36 (7)

Question: Describe the organizational relationship and the degree of
independence between the people doing the verification and
validation work and the software development team. At what point
in the organization do they share a common manager?

Response: The independence requirements for V&V activities are provided in
the NPX80+ plan, document NPX80-!C-VP790-00*, section 2.3. This
document refers to the Requirements Team (RT), Design Team (DT) and
Verification Team (VT). Per section 2.3, as a minimum, the RT and
DT must have separate first line managers from the VT. AT C-E it
is also common that the RT and DT have separate first line
managers, in some cases the second line managers for all three
teams are also unique.

; *This document.is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

|

!

i

i
- - _,
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Humtarr: 420.37 (7.2.1.1.8)

Question: Provide a defense-in-depth analysis. An a:ceptable methodology is
described in NUREG-0493, *A Defense-in-Depth and Diversity
Assessment of the Resar-414 Integrated Protection System," March
1979.

Response: Defense-in-depth analysis is addressed in the NPX80-IC-SD560*,
' System Description for Plant Protection System". In the PPS there
are two bistable processors in each of the four PPS channels, each
performing multiple bistable functions. Each bistable processor is
assigned process measurements for comparison based on a transient
versus mitigating process analysis. Process measurements available
for mitigating a transient are assigned to at least two different
bist able processors. The CPC, which is diverse from the bistable
processors, uses direct process measurements in their comparison
logic and provides results directly to the coincidence processors.
The CPCs are included in this analysis. A typical analysis matrix
for reactor trip and ESF are shown on Attachments 1 and 2 which are
taken from NPX80-lC-SD560*.

The Nuplex 80+ defense-in-depth approach for protection against
common mode failure is further addressed in responses to Questions
420.23 and 420.25.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staf f reviw of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

_ - _ _ _ _ _ _ _ _ - _ - _ _ _ - _ ___
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; Number: 420.37 Attachment 1

$YL60+ RT FuwCfl0N ve inlP Pe0CittCe AltlGWM(Wf
.................................... ................................. ..............................

\ falPS SG1 SGt CONT sci $C2 $G1 SGI SC1 SG P!t Pte LOG DWDR LPD V0Pt CONT
\ to P Le P hl P to L le L dP dP hl L hl L Le P hl P PWe lo hl hihl

itAhlitutt \ | | | | | | | | | | | | | | | |
.....................................................................................................

FW trap decrosse |l |l | | | | | | | | | | |CPC|CPC| 1|........................'.....'.................................-......................'................
| . . . . . . . . . . . . . . . . . . . . . . . . . . .l .' . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . 1 | 2|| | |CPC|CPC| |FW flow increase |

..........................................

mein stems flow 1 2 CPC CPC 1,

'

increase
................................................................................... . ...............
10tC4by | 1| 2| | | | | | | | | | |CPC| | |
.....................................................................................................

$tt1/econtelnment| 1| 2| | | | | | | | | | |CPC| | |
.....................................................................................................

LOL | | | | | | | | | | |1,2| | | | | .

.............................................................................,.......................

Titl> | | | | | | | | | | |1,2| | | | |
.....................................................................................................

Lees of cond voeuun | | | | | | | | t| | |1,2| | | | |
.....................................................................................................

MllV closure | | | | | | | | | | |1,2| | | | |
.....................................................................................................
Lees of non.emerg CPC

"

AC to stetton oun
. . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.......................................................................11,2.|.....|.....|.....|.....|....toes of nor rv fle | | | |- 1 | t| | | | | r

....

toes of DC flow | | | | | | | | | | | | |CPC| | |
.....................................................................................................

. . . . . . . . . . . . . . . . . . . . . . . . . . .I . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| . . . . .| C PC || |1 PC* eelaure |
................... .

RCP ehaft break | | | | | | 1| 2| | | | | | | |................................................................................................|......
Uncont C(A withdrew 1,2 CPC CPC 1,

et low pwr
................................................................................................

et power | | |- | | | | | | | | | |CPC| | |
.....................................................................................................
1 f/t Cta drop | | | | | | | | | | | | | | | |
.................................................................................+...................

s/uofinactiveRCP| | | | | | | | | | | | | | | |......................................................................................'............... *

Coreflowreteince| | | | | | | | | | | | | | | |
.......................,................. ...........................................................

Inndvert deboration | | | | | | | | | .| |1,2| 2|CPC|CPC| 1|
.....................................................................................................
C(A ejection | | | | | | | | | | | | | | | 1|..............'...........................,,......................................+...................
CYC8 malfunction | | | | | | | | | | |1,2| | | | | .

...........................................................................................,.........

So tube rwture | | | | | | | | | | | | |CPC| | |
.......................................................................+.............................

LDCA | | | | | | | | | | 2| | |CPC| | |
.....................................................................................................

I' . Bl81A8LE P40CE$$08 1
t' * Sl$fAtti PAOCESSOA
CPC' . Coat PROTECil0N CALCULATOR

TABLE 1

System 80+ RT function vs Trip Processor Assignment.
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Number: 420.37 Attachment 2
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.........................................................
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..............................................................
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asty closure

Loss of non emerg i 2

AC to stetton sua
.....................................................................................................

.....................+...............l.1| 2| | | | | | | | | | |LossofnorsFWfloI | |
..............................................................

Loss of RC flow | | | | | | | | | | | | | | | |
.....................................................................................................

1 *CP *eleure | | | | | | | | | | | | | | | |
.....................................................................................................

RCP shaft break | | | | | | | | | | | | | | | |
.....................................................................................................

uncont CtA withdrew
at low pur
................................................................,...........+...................

................................................................................................1....et Power | | | | | | | | | | | | | | | .

.......................................................................................l.....|.....|....1 f/t CIA drop | | | | | | | | | | | | |

stoofin.ctiveRCP| | | | | | | | | | | | | | | |
.....................................................................................................

...................................................................l.....|.....|.....|.....|.....|.....|....Coreviewreteince| | | | | | | | |

in.svert 6.doretton | | | | | | | | | | | | | | | |
.....................................................................................................
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.....................................................................................................
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1* . Bl& TABLE PROCES$0A 1
2' * Bl$ FABLE PROCESSOR 2

TABLE 2

System 80+ ESF Function vs Trip Processor Assignments

_ _ .___________ _ _ - _-_
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Number: 420.38(7.2.2.3.2) |

Question: Identify the specific sensors which will be shared between safety
and non safety systems and justify the design philosophy.

|
Response; Class IE sensor analog signals (A 8, C D) identified in Table'

7.2 3 of CESSAR DC are isolated (by qualified 10 isolators) arid are
; then used in calculating a valid process representation value which

is then used by the control systems.

This design approach is used for the following reasons:
|

1. The control system will take action based on a calculated
signal that reflects the average of all good process signals,
not a specific signal. Therefore, there will be fewer

;

challenges to plant safety due to control system errors,
since: 1

j

I a. liigher reliability of IE sensors. ,

i

b. Deviating sensors will be detected and eliminated before
they adversely impact control system performance.

; 2. fewer plant sensors result in:

a. Fewer penetrations into mechanical systems resulting in
fewer potential leak sources.

b. Reduced calibration and maintenance requirements'

resulting in reduced radiation exposure.

3. Fiber optic isolation and signal validation allow the benefits J
described above without creating sources of single failures;

that can cause erroneous control system actions and concurrent
degraded protection system performance. Therefore, the ,

control /3rotection interaction requirements of IEEE 279 are
met in tlis design.

,

a
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Number: 420.39 (Table 7.2-5)

Question: Describe the analysis done to ensure that erroneous data cannot
prevent a Departure from Nuclear Boiling Ratio (DNBR) or power
density trip.

Response: The CPC data link design is the same as on previous C-E plants.
The Core Protection Calculator Sub-system consists of four Trip
Limit Calculators (TLCs) and two Control Element Assembly
Calculators (CEACs). Each CEAC monitors all the CEA positions and
calculates subgrous deviation penalty factors for different CEA
configurations. Tae penalty f actors are sent from each CEAC to all
TLCs via serial data links. Any failure leading to all zeros (0)
or ones (1) are invalid penalty factors and by design will be
interpreted by the TLC as a CEAC failure. In addition, there is
also parity check on each TLC /CEAC data link as part of the signal
validation which is also used to detect a CEAC failure.

When the TLC determines that both CEACs are operable, the TLC
applies the more conservative penalty f actors from the two
redundant CEACs in the local power density and DNBR calculation.
If the TLC detects a failed CEAC, it alarms the condition and
applies the penalty factors from the one remaining CEAC. If the
TLC detects the remaining CEAC to also have failed, it applies the
maximum possible penalty factor af ter a short time delay (discussed '

below). This penalty f actor will result in a reactor trip under
all operating conditions (with the exception of some extremely low
power configurations). Each TLC will also alarm if the penalty
factors from the two CEACs are different. Operators can remove
deviating or failed CEACs from service. Restricted operation may
continue under Technical Specification LC0 with one or two CEACs
failed or out of service. The time delay identified above is
intended to allow the plant to reach the LC0 prior to the trip
occurring.

|

|

|
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Number: 420.40(7.2.1.1.7.2) ;

Question: The Control Element Assembly (CEA) positions are monitored by two
diverse methods. Describe the diversity for the equipment from the i
reed switches / rod drive position to the position displays and
associated calculators. j

Response: CEA position monitoring is provided by diverse methods in the Power
Control System (PCS) and by an additional diverse method in the
Core Protection Calculators (CPC).

In the PCS the Automatic Timing Modules (ACIMS) monitor the load
current through each of the CEDM Electro magnetic coils, for each
drive motor. Specific signatures in the load current wavo forms

1are indicative of movements in the latching mechanisms inside the '

CEPH. The signatres are monitored by the ACTM to detect engaging, ',

lifting and releasing of the upper and lower latch mechanisms. The
ACTM detects these mechanical actions to ensure correct closed loop
control of the CEDM for each step of CEA motion. from these
mechanical actions, the ACTH can also determine when each insertion
or withdrawal step has been completed. The ACTMS transmits the i

. insertion / withdrawal step com)1etion data for each CEDM to the
Power Control Processors whic1 calculate each CEA's position based

,

on an accumulation of CEDM motion information. |

In addition, the PCS monitors a direct rod position ~ measurement
from the Reed Switch Position Transmitter (RSPT) on each CEA. This
contact information for Upper Electrical L<mit (UCL), Lower
Electrical Limit (LEL), and Dropped Rod Contact-(DRC) is diverse
from the previously discussed CEDM motion sensing. The RSPT
information is-transmitted to the Power Control Processors which
use these limits to calibrate the previously described calculated
CEA position. The resulting calculated CEA position is provided to
the CEA Disp hy Processor for CEA position display via tio PCS
Operators Module located on the main control panels;-and to the
Data Processing System (DPS) for position display via CRT, and for
use in the Core Operating Limit Supervisory System (COLSS)
algorithms and the CEA position validation algorithms described
beloW.

In a diverse monitoring method the CPCs utilize the resistance
bridge portion of the RSPT provided for each CEA which is another
direct method. Each of the redundant RSPT associated with as given |

CEA are wired to one of four channelized CEA multiplexers. Each
CEA has an RSPT that is wired to two different channels of CEA
mul tiplexers. The CEA multiplexers are fiber optic data linked to- |
CEA Calculators-(CEAC) located in CPC Channels B and C, and to the
Trip Logic Calculator-(TLC) of the same channel. The CEACs and the
TLCs_are fiber optic data linked to their respective channel's CPC-
Operator's Module located on the Main Control Panels, where the CEA
position determined by either the TLC or CEAC can be displayed.
The CEA position data from the CEACs is also transmitted to the

,

J
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!

PlantProtectionSystem(PPS)InterfaceandTestProcessors(ITP |The !TPs are fiber optic data linked to the OPS which uses the- ). i

{ #

redundant )osition data in the CEA position validation algorithms
| described >elow.

Using the direct redundant RSPT position information from the CEACs 7

1- and the calculated position information from the PCS, the DPS
J calculates a validated position for each CEA. This position-is

displayed in a dynamic bar graph type graphic picture which is
available on CRTs in the main control room.

.
Additional details on CEA position information in the PCS, CPC and

!- OPS can be found in the following Nuplex 80+ documents:
NPX IC S0630*, " System Description for Power Control. System for
Nuplex 80+t" NPX80-IC S0570*, " System Description for Core
protection Calculators-for Nuplex 80+ " and NPX80 IC SD710*,-

" System Description for the Data Processing System for Ncplex 80+."

i

This document is considered proprietary to Combustion Engineering,*

Inc. Access to this document will be provided to facilitate NRC
,

staff review of CESSAR DC. Information.from this document
determined to be necessary to support the staff's safety finding *

will be placed in CESSAR DC in a future amendment,

t

1
3

>

*

i

,

!
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Humber: 420.41 (7.3.2.4)

Question: The failure Modes and Effects Analysis (FMEA) provided in Table
7.2 5 does not adequately address failure modes other than total
failure such as loss of power. Address system stall, lockup,
runaway, degraded power supplies (voltage, frequency), power
fluctuations, timing errors, etc. For example, data connunication
modules can send incorrect data as well as simply failing to serd
any data at all.

Response: The f ailure Modes and Effects Analysis (FMEA) provided in CESSAR DC
Table 7.2 5 addresses all possible outputs from computers (e.g.,
connunication failures); not all of the possible causes of the
output conditions.

At the hardware interface level for all computers, the fMEA bounds
all cases by considering the worst case effects at the computer
outputs, for binary outputs, open and closed status is >Jdressed.
For digitized data, interfaces are analyzed for failure to transmit
data, failure to receive data and communication of erroneous data.

In the case of the ESF CCS, loss of data communications with
multiplexor output modules results in fail safe output operation.
Fail safe is defined as the state corresponding to the electrical
fatiure mode of the controlled mechanical equipment (e.g., solenoid
valves fail open or closed, motorized valves fail as-is, etc.).
Loss of data communication with multiplexor input modules or loss
of data link inputs generally results in continued control system
operation with the last good input data. Specific exceptions to
this are for equinment investment protection inputs and ESF
actuation inputs from the PPS, which continue to control system
operation with the input data set to its most conservative value.
All data communication failures are alarmed.

|

_ _ _ _ _ _ _ _ _ _ - _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _

SJWO9?/ 52 i

|

Number: 420.42(7.1.2.17) |
|

Question: Describe the self diagnostic features of the system. Describe I

which diagnostics are run on line, in background or in maintenance |
(bypassed) mode. Describe the actions taken when an on line i

diagnostic system detects an error.

Response: Reactor Trip System (RTS) and Engineered Safety features Actuation i

System (ESTAS) functions are implemented in the Plant Protection
System (PPS) and Engineered Safety Features Component Control
System (FSF-CCS). Two types of self diagnostic testing are
performri in the PPS and ESF CCS.

The first level of testing functionally exercises the trip path
logic for RTS and ESFAS to continuously verify operability of trip
functions. This on line testing is periodically initiated by the
Interface and Test Processors (ITP) which are separate from the
system trip path processors. Dypasses are not employed in the
operation of this test feature. The ITP transmits test inputs to
the trip processors. These test inputs corressond to the actual
plant inputs. The trip logic always selects tie most conservativa
of these signals (test or actual) and processes that signal in the
remainder of the trip logic. Only one channel is tested at a time,
such that trip signals are generated in only one channel. Since
the test signal momentarily places the trip path logic in a trip
condition, the occurrence of an actual trip cannot be blocked.
Failure of the test criteria is annunciated via the DPS and DIAS.
No additional automatic action is taken by the system.

The second level of self diagnostic testing is the continuous
automatic test of the PPS and ESF CCS hardware. PLC equipment will
be used for implementation of the PPS and ESf-CCS. This equipment
does not utilize multi-tasking processors; therefore, testing is
performed for a short millisecond duration at the end of each
processor scan cycle. This testing is not run in background or in
a bypass mode.

Typical examples of "self health" test criteria are given as
follows:

AC Power On-

Processor Running-

Memory Parity Check-

Hot Standby Controller Active-

Program Checksum-

- Memory Protect Status
I/0 Communications Active-

1/0 Module Check-

All self diagnostic errors are annunciated via the DPS and DIAS.

.. - -- - -
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Errors that have the potential to degrade system performance cause
the system to assume a fail safe condition. Examples of this error
type are:

1/0 Module failure-

Memory Checksum Error-

Loss of 1/0 Comunications (see response to 420.41)-

Errors that only affect syshm robustness are annunciated but will
not cause the system to assur a fail safe condition. Examples of
this error type are:

Loss of Redundant Processor-

Loss of Redundant Power Supply-

Memory Protect Battery low-

it is noted that trip processing does not occur during this
self-health testing; however, the short delay imposed by these

.

tests is accounted for in the overall system response time credited
in the safety analysis.

<

._ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - - - - _ _ _-
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Humber: 420.43(7)

Question: Describe the data bus used in the multiplexors. Provide enough
; detail to demonstrate that the multiplexors are not a single

failure point. The previous question concerning common mode-

i- software errors will also be considered in the staff evaluation of
the multiplexors.'

:

Response: Multiplexors utilize an internal bus architecture to process
several 1/0 points per multiplexor chassis. The I/O data that is
serviced by the bus is then directed by a communications processor
over a multi drop serial network to a central processing unit (CPU)

; thich serves several multiplexor chassis.
~

Multiplexors are totally independent between redundant safety
channels and between safety and control channels. All IEEE-384 and
Reg. Guide 1.75 criteria are met; therefore. multiplexors are not a
source of single failure that could compromise channel

f' independer.ce. ,

Multiplexors are totally diverse in both hardware and software
ibetween safety and control systems, thereby eliminating the

potential for common mode software errors.

Within an individual safety or control channel the design is such
that a credible single failure will not degrade more than one
multiplexor. To address this multiplexor failure susceptibility,
1/0 signals are assigned to separate multiplexor chassis to limit
failure impact to a small set of functions. This I/O assignment
methodology for the ESF CCS and Process CCS is presented in the
following document:

,

o NPX80-IC DP640 01*, Design Procedure for Component Control
System Component functional Grouping for Nuplex 80+

Impact of single multiplexor failures on the PPS and ESF CCS have
been assessed and are defined in the failure Modes and Effects -

Analysis (FMEA) Table 7.2 5.of CESSAR DC.

*This document is considered proprietary to combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.

.

|

|_ . _ _ _ . _ _ _ _ _ _ . _ _______ ___
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Number: . 420.44 (7)

Question: -Are watchdog timers provided in the microprocessors: Describe the
reset cycle and actions on timeout.

Response: Watchdog timer functions are built into all systems using three
basic-methods:

1. Processors that directly generate control or protection
outputs as a binary or analo discrete interface (i.e... not
digitized data communication employ watchdog timers to force
the outputs to a pre-determi ed stcte upon time-out. Examples
of these are:

PPS - - Bistable and coincidence processors
CCS - Segment processors

2, Processors that generate digitized data, interfaced to other
control / protection processors rely on the data communication
link to serve as the watchdog timer function. If the
generating processor. fails, the receiving processor will
detect this via a communication link error. The receiving
processor will then take the pre-programmed cuatrol action.
In most cases, this would be to alarm the failure and cetinue
the control algorithm with the last good communicated data.
Examples of this are:

PPS - Interface and Test Processor trip channel bypass
signals to the Coincidence Processors

CCS - Division Master Processor interfcce to tho' segment
processor

There are also cases where'a failure in the communication link
will result in pre-defined data states, which may cause a
deviation in the control actions. Examples of this are:-

PPS - Interface and Test Processor auto test signals tv
coincidence processor

CCS - Inter-segment processor signals

3 .- Processors that generate operator displays are monitored via-
data communication links as described in item 2 above.. In
addition, the display itself provides an indication-that the
data is being continuously refreshed. This may be in the form

-of a dynamic _ ICON or simply a time of day field.

.

'

i

I
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Humber: 420.45 (7)

Question: Describe the provisions that have been put in place to assure that
commercial equipment dedicated for Class lE use is free of viruses,

Response: Responses to Questions 420.23 and 420,33 describe C E's V&V
activities, QA audit process, testing and log of all software
problems, and software configuration management. These activities
can be relied upen to maintain a virus-free environment.

'
,

:

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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-Number: 420.46(7.1.1.7)

Question: This section describes the description of the difference between
the System 80+ and Palo Verde design. In addition to the few
system _ level differences listed, this section (and ESF) should be
expanded to note the very significant differences in design.

'

Response: In both the Palo Verde and System 80+ the functions are the same;
however, the System 80+ implementation expands the use of
technology utilized in the Core Protection Calculators (CPCs) to
other systems. This technology transfer from the CPCs includes
computer processing, fiber optics and multiplexing, will be
expanded in a future revision to CESSAR-DC Section 7.1.1.7.

InthePaloVerdeReactorProtectionSystem(RPS)designboththe
Plant Protection System (PPS) and the Engineered Safety Features
Actuation System (ESFAS).are relay-based hardwired systems. In the
System 80+ both the PPS and Engineered Safety Features Component
Control System (ESF-CCS) are computer based systers, with the
ESF-CCS utilizing the advantages of remote multiplexing. Use of
computer based technology allows the System 80+ RPS system to -

remain functionally identical to the proven RPS design, while
utilizing off-the-shelf commercially available equipment vs.
equ'ipment of custom. design and manufacture. This computer based
technology also provides the capability for enhanced features such
as automatic continuous on-line testing, and utilization of fiber
optic technology for isolation between protection system channels,
and between equipment cabinets and operator's modules in the Main
Control Room.

__ __ _ _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ ___ _ _ __
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Number: 420.47 (7.3.1.1)

Question: Provide the protocol, configuration, and modes for the
communication networks.

Response: Two network types are used in the Engineered Safety Features
Actuation System (ESfAS) implemented in the PPS and the ESF CCS.
These are polled master / slave networks and token pass peer to peer
networks. Both network types exhibit deterministic performance
since all data is serviced (updated) on a continuous scan basis.
Data update is not dependent on parameter change of state.

Using the ESF-CCS as an example, refer to Figure 7.3-3 of CESSAR-DC
for the following discussion:

The polled master / slave type network is applied as the Multidrop
I/O Network in each ESF-CCS segment. The segment (or Master)
Processor polls each node to elicit an update of its data base and
to manipulate system outputs. The node then responds over the
network and completes its transaction within a fixed time period.
Each node on the network is successively serviced in this manner
and the cycle is contiruously repeated.

The token pass peer to peer network is applied as the Intradivision
Network to interconnect all segments within an ESF-CCS Division.
Upon receipt of the token, a Segment (or Master) Processor acquires
use of the network to read and/or write data between other
segments. The token is then passed to the next segment after a
fixed time period and the cycle is continuously repeated.

The data protocols for these networks are contingent on the
specific equipment selected for system implementation; however,
error detection methods such as CRC or LRC are always employed.

Additionally, all networks have demonstrated field proven
robustness to EMI. EMI tolerance will also be qualified by the
methods defined in the following document:

o NPX80-IC-QG790-00*, Qualification Guidelines for
Instrumentation and Controls Equipment for Nuplex 80+.

Both the polled master / slave network and the token pass
peer-to-peer network are redundant in the ESF-CCS to maximize
availability.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

_ _ _ _ _ _ _ _ _
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Number: 420.48_(7)

Question: Describe the fiber-optic and multiplexor arrangement in enough
detail to show that the independence criteria are not violated.

Response: Fiber-optic and multiplexor arrangements for Nuplex 80+ are shown
in the following drawings entitled "Nuplex 80+ Intersystem
Communications:"

o E-NPX80+-428 002*, Sheet I through 6

These drawings show the generic multiplexor fiber optic
communications scheme. Actual quantities and in plant locations of
multip?axors are determined by various factors which include system
requirements, appropriately channelized equipment areas, signal
density, separation requirements and envirormental requirements.
Also considered in multiplexor location is equipment
maintainability, that is multiplexor equipment is located outside
of containment in equipment areas which are easily accessible to ,

mainhnance personnel.
|

Thess drawings are referenced by document NPX80-IC 00790 03*
Nuplex 80+ Architectural Design Data and are included in the
Nuplex 80+ Advanced Control Complex Reference Design
Documentation *, Volume 4, Section Vill.

Plant Protection System

The application of fiber optics and multiplexor arrangements
between Plant Protection System (PPS) channels are detailed in the
following document:

o NPX80-lC-S0560*, System Description for Plant Protection
System for Nuplex 80+

Electrical independence between PPS channels is maintained through
the use of fiber optic data links. Fiber optic interface design
considerations are addressed in the response to Questions 420.6 and
420.17.

Functional and software independence between Core Protection
Calculator Channels is maintained as in previous C-E plant designs.
No changes have been made for System 80+.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

_
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Functional and software independence is maintained between Plant
Protection Calculator (PPC) channels for Class lE trip-related
functions by using conventional hardwired 1/0 to interface the
bistable trip signals of one channel to the coincidence processor
inputs of a different channel. This is no data communication
hand-shaking. Therefore, for example, failure of the bistable
logic in Channel A cannot impact proper operation of the
coincidence logic in Channel B.

In addition, functional and software independence is maintained
between PPC channels for auxiliary test and channel bypass
functions, by using data communication links only between the
Interface and Test Processors (ITP) in each channel. The ITPs
handle hand-shaking and data screening of inter-channel data link
communications to ensure that the Class lE trip processors remain
segregated and, therefore, cannot be adversely effected by
communication errors.

In addition, the trip processors include screening logic to ensure
that only specific commands can be acce)ted from the ITPs. An
example of this is in the trip channel aypass functions, where the
coincidence processors contain first-in interlock logic that allows
only one of four input channels to be bypassed, regardless of
bypass requests for the ITP.

ESF-Comoonent Control System

The application of fiber optics and multiplexor arrangements in the
Engineered Safety Features Component Control System (ESF-CCS) is
detailed in the following document:

o NPX80-IC-S0640*, System Description for Component Control
Systems (CCS) for Nuplex 80+

Electrical and functional independence is maintained between
ESF-CCS divisions by similar methods as those described above for
the PPS. Communications between ESF-CCS divisions is accomplished
through dedicated point to point fiber-optic datalinks. Datalink
processors in each ESF-CCS division function as the ITPs in the PPS
to acquire data from their respective intradivision Networks.
Inter-channel data is transacted only between data link processors.
Complete independence between ESF-CCS Intradivision Networks is
maintained by this method. Intradivision Network Operation is
discussed in the response to Question 420.47.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

- _ _ _ _ _ - _
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Communication device failures and their consequences-have been- ;

analyzed and are defined in-the Failure Modes and Effects Analysis -|
L(FMEA) Table 7.2-5 of CESSAR DC. J

To ensure that erroneous interchannel ESF CCS communications cannot' !

disrupt multiple divisions, data communication is limited toLthe
4

following: ;j

1. Unrestricted data transmission is permitted only from safety
channels to non safety ~ channels (i.e.,-- unidirectional). ;

I

'2.- Data transmitted from non safety channels to safety channels {
is_ disabled by reactor trip - ESFAS or manual signals from the ;

operator.' This disabling function occurs in the safety
_!channels and is considered a-Class lE function. It is noted -,

that, to date, no non-safety channel to safety channel data _i
requirements have been identified for System 80+. Data i

communication of this type that existed in previous C-E '

plants,:such as for the CVCS, have been eliminated-in System<

80+.-r 4

,

3. Between safety channels there is a data communication only
' between ' Channels A and-C (Division I) and between channels B

and D (Division II). To date, this has been-limited to diesel
load sequencing coordination within a division. There is-no-
data communication between Division I and Division'11 (A or C
to: Bord).

:

-

o

j

u

!

' ' . ..

,
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Number:. 420.49-(7)
-

. i

Question: Does-the DC for this design allow for, or intend to utilize, expert
or artificial intelligence systems-in- the safety or non safety
systems?

Response: .Nuplex 80+ safety systems require deterministic performance. C-E
is not,-therefore. utilizing artificial intelligence (AI) in safety
system-applications for Nuplex 80+, nor do we expect to use this
technology in the future. For non-safety applications, although AI '|is not currently being-utilized,-its application:is not precluded '

and would be considered if a benefit could be demonstrated.

.

.'
l'
:'

|

.

..

|
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Numbe_r: 420.50(7)

Question: Do the safety systems require any rotating memory devices to !
perform their function? j

iResponse: Safety systems do not utilize rotating memory devices for on line i

operation. Only non-volatile solid state memory is used. Rotating i

memory devices are used however for system startup (e.g., initial j
memory load). ;

i

{

|

l
|
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Humber: 420.51 (7.3.1)

Question: Explain the " normal control" function of the ESF-Component Control
System (CCS). Provide a more detailed explanation of the
redundancy controller function. What happens if the redundancy
controller malfunctions?

Response: The " normal control" function of the ESF-CCS refers to the use of
the ESF-CCS to manipulate safety related plant components under
non-ESF actuated conditions. Use of the system under normal
control conditions can include component repositioning for test,
maintenance, operational rotation, . . . etc. In addition, safety

related systems which are normally in use are controlled by the
ESF-CCS. These include Component Cooling Water, Service Water and
HVAC.

The redundancy controller coordinates the operation of the primary
and standby ESF-CCS system processors. The standby system
processors are employed to improve system availability only and are
not credited for compliance to the single failure criteria. As
such, it is assumed that primary /standh" processor pairs can fail
as a result of single failures in reaundancy controllers. These
failures and their consequences have been analyzed and are defined
in the Failure Modes and Effects Analysis (FMEA) Table 7.2-5 of
CESSAR-DC.

A description of typical redundancy controller operation is
provided as follows:

Redundancy controllers reside in both the primary and standby
processor chassis of each ESF-CCS segment controller. A high speed
serial control datalink connccts the redundancy controllers.

The primary ESF-CCS syc'em processors execute the control software,
read system inputs, and control system outputs. Timing and state
memory information is provided to the standby processor from the
primary processor via the redundancy controller to facilitate
synchronization between the two processors and to keep the standby
processor updated with current dynamic process values. This is
necessary to facilitate bumpless transfer to the-standby processor
upon primary processor failure.

Primary processor failure is detected by self diagnostic tests
described in the response to Question 420.42. The redundancy
controller transfers system operation to the standby processor upon
detection of primary processor failure. Standby processor status
is continuously monitored to ensure that this transfer can occur.
Transfer of system operation is inhibited if standby processor
failure is detected. Similarly, transfer from the standby
processor back to the primary processor is inhibited until the
primary processor is restored to proper operation. Primary or
standby processor failure is annunciated through the DPS and DIAS
upon failure detection.

|
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Failure of the redundancy controller will result in the inability
to transfer system operation from the primary to the standby
processor. This failure is also annunciated through the OPS and
DIAS.

- - _ _ _ _ _ _ _ - _ - _ _ _ - - _
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Number: 420.52 (Figure 7.2-12)

Question: Provide a detailed version of this diagram that shows individual
power supplies, microprocessors, and connections. The staff
understands that the details may change between this review and
plant construction. As part of the " level of detail" discussions
which are currently taking place, it would be helpful if C-E could
provide their opinion, using the drawings as examples, of what
should be " locked" into the design certification and what can be
changed.

Response: Figure 7.2-12's primary purpose is to show (1) the two RTSG
actuations, shunt trip and undervoltage, (2) that manual RT
initiation is a hardwired interface to the RTSG, and (3) how the
Alternate Protection System actuation devices are independent and
diverse of the RSTG, This drawing depicts all of these features on
a full system basis (i.e., four safety channels versus showing one
safety channel and noting the other three are similar). The
requested detail is more appropriately provided by figure 2 of the
System Description for Plant Protective System for Nuplex 80+
(NPX80-IC-S0560*). This figure is included here as Figure 420.52
with additions, as requested, to show application of the 120 VAC
vital bus and power supplies for safety channel A. Discussion of
connections, hardwire and data link, shown in the figure, can be
found in NPX80-IC-SD560*.

The commission has issued its decision on the " level-of detail"
question (see the Staff Requirements Memorandum on SECY-90-377,
dated February 15,1991). C-E has not reached a final
determination on what portion of the design should be " locked" into
the design certification.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.



CH-A PROCESS INSTRUuENTS
/

CH-A / CH-B (SIMILAR TO CH Ap
, { '{

,

120 VAC ,
e

v!TAL SUS A /

Ststaett SIS O S!S O
gg agg

,g 90UPORY,
, ,

g FROM SISTABLE PROCESSORS PAOTECTION /Pnocessons CN U CN U /2 (NOTE 3
- CALCULATORNAl T A2 TT i , s CHJSI CPUB2 -

j

, ,

X HiI i Ii /
/

g s CH A CORE
/PROTECTION 2 /

CALCULATOR (NOTE 4) 'j

T | I '

T NOTE S ' sr I n/o Ex(J) I > /*
! M ICPU 84 --- - - - - - - - ----g #

n I
= ; N l'c/o exh,

i '
, 3E ,

= , , PU a -;.
/

k----- -----"*$'--- -WkE|||? W a
I '

- - -- --- - - - - - - -
,

EE 11 l- - C - - - - - - - - - MCeE g ig i ,

'
'

I-- -------

mD ii;

f\)% I! | eTEST ' '
,_ _3 ,I I , , , , , , , -

b
E#

j
P -STATUS NOTE 2 I,o - || | |_ _ _ __ANEL f gI' - - _L _ - .-----g... gm ,

m g--- ----1 t- -
- ----"-------I !' U ,!._

_ _ _ _ _ . _ _ ,

l i/

I ,
-

f!If 'P ' UU NOTE - I P " I " ''

nNTERrACE cpu f
F* C M "33a"nsLCL0

-
LCL 0 eTEST M N /y LgL ggg g y ngg

"I
I EN t I CPU #

"O CPU u CPU U / CPU CPU eTEST" y y e5 oO A3 T A4 Y i I|3a 4 j B3 Se PROCESSOR '

X l - I t- - -
j

ii ' 8' I- - - - - TEST <

3 ' | kFE* - '' ' ' '''''' '''''''''''''

D p--- I|I -7
= -' Se -

'
NOTES:

, 1 s 1 1 1 1 , s -1 1 1 1 1 s. s s 1 r s > I-REPEATED FOR CHS A TO C e A TO D

[D I' [D
'

I'itil '
f O 2-REPEATED FOR CMS C TO A e D TO A, , q, ,, i,

E ' D EREACTOR POWER DATA
8

g 3.ALL LItCS CROSSING BOUPOARY ARE.g

IfINI tvERS AL FIBER OPTIC CABLESg $ y $ w

~I I I * ~ ~ *C ES 3 3 '

, RT 3 RT2, f gg g - = DATA L19e(
* TO RTCB-A / ! p ,e p,C

| 70 / OPER. OPER. m 5-LOCAL AREA ETWORe<,

ygynt* -
SUS A

ESF-CCS A uo0ULE RIODULE,ESF-ips (TYP-4 PLACESI PasEL-m PasEL-m
/

9WD4.54. GNWR84L
INIT-A INIT-A

CALMA FEE:O RSP E93689fsCURE40

-_ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ . _ - ._ _ - - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ .___ ___ _ ______ _ _ _ _ _ - _ _ _ _ _ _ .

SJWO92/-68-

-Number:- 420.53-(Figure 7.2-11)

Question: It.is unclear to the staff how the data flow through the functional
blocks shown will actually be accomplished. Provide a more
detailed figure.-

Response: The attached Figure 420.53 is a block diagram of the bistable
processor hardware. The analr* input module converts the analog
input signals (010 volt, 4-L :. etc.) to a binary number and
stores them for use by the CPU. The CPU collects this data

-

periodically as part of its execution cycle.

The bistable processor CPU uses the LAN modules to communicate with
'the Interface and Tect Processor (ITP) within the PPS. The ITP-
transmits the variable setpoint reset and operating bypass enable
states input by the oparator at the remote operator modules. The
bistable processor CPU executes logical functions in a fixed _.

sequence as programmeJ in non volatile memory. Included in the
memory are setpoint constants (fixed setpoint values, variable
setpoint reset' offset values, rate limited variable setpoint rate
and margin- values, and allowable operating bypass range values.
The-CPU provides the calculated trip states _ (true or not true) to
the digital output modules which are hardwired to the input |t

|~ multiplexors of the appropriate four redundant coincidence |
processors (one for each PPS safety channel). The bistablet

processor CPU also uses the LAN module to send its input _ data and
calculated data to the ITP for display, alarm and test purposes.
Another function of the LAN is to receive automatic test input
signals from the ITP and to transmit test results status to the
ITP.

:
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1

Number: 420.54 (7)

Question: Describe the trade-offs between analog and digital systems and
describe the reasons why C-E considers the new microprocessor based
design to be an improvement over previous designs.

Response: C-E has gone to microprocessor based digital system technology due
to increasing obsolescence in the analog systems that were used in
the past. Use of digital technology supports EPRI requirements for
Advanced Light Water Reactors (ALWR) in numerous areas.

Digital technology is drif t-free. Setpoint values are not-

effected due to design (worst-case) temperature changes,
voltage variations, etc., that can occur over time.

Digital technology provides the capability to implement-

features which are difficult or impractical utilizing analog
systems. For example, standby processing capability for
critical applications, on-line DNBR and LPD calculations,
bumpless control transfer between MCP and RSP, and signal
validation to minimize control system errors which challenge
plant safety.

Digital technology based systems offer self-diagnostic-

features and aids to troubleshooting such as module health
status, identifying circuit opens and shorts, and out of range
indication. These features provide rapid failure and error
detection, and, when combined with their modular construction,
provides for rapid repair when failures do occur.

Digital technology lends itself to utilizing signal-

multiplexing, including fiber optic cables for isolation.
This results in reduction in cable quantities, and physical
separation of redundant systems, which leads to major
improvements in fire and sabotage protection.

Although digital systems are sometimes considered more-

susceptible than analog systems to HVAC and EMI concerns, they
are actually more robust. Digital systems can detect internal
errors and the; take corrective actions which can lead to an
orderly, deterministic fail-safe condition. Analog systems
response to these types of effects is much less predictable.

- Digital technology allows data management, reduction and
display techniques which are keys to eliminating the
historical -industry problem of operator information overload.

C-E has had 15 years experience in the application of digital
technology to nuclear power plants and knows of no negative aspects
associated wita the use of this technology.

l

_ _ _ _ _ _ - -
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Number: 420.55 (7)

Question: Describe the time frame for when preliminary experimentation ends
and design under controlled formal and documented verification and
validation begins for the design. Describe the time frame far the
point in the design when simulators are available. The EPRI
Requirements Document requires the use of dynamic simulators in the
design process.

Response: The design of Nuplex 80+ follows the QA program described in
CENPD 210-A (see Chapter 17). Results are presented in the
application for design certification (CESSAR-DC). At the time of
detailed equMment specification, the information in CESSAR DC is
input to the final design process (which will also be performed in
compliance with the QA program), including independent design
verification and validation. Formal documentation of V&V results
will occur as_ plant specific engineering.

Figure Ac0.55-1 provides a design process time line for Nuplex 80+.
Preliminary experimentation (not shown on this figure) occurred for
Nuplex 80+ under the DOE Advanced I&C Program which ended in
Septcmber 1989. Dynamic prototypes of both I&C equipment and
man-machine interface devices have been used in the design process
for over.two years. -I&C prototypes _have been used for
qualification and performanca pre testing. Dynamic man-machine
interface-devices with dynamic simulations have been used to do
human factors suitability and availability verification analyses.
The scope and fidelity of the dynamic arototypes and simulations-
have evolved continuously throughout tie course of the design
process as prescribed by the EPRI ALWR-URD. The design is now at
the point where all MMI and I&C methods have been established and

-

conformance to safety and operability criteria can be assessed.

To minimize investment risk, it is expected that the owner / operator
will reqrire complete I&C prototype system designs and a full main
control room mock-up will be completed before manufacture of
deliverable equipment.

The simulator for a plant is required by current regulations for
operator training, its design typically comes after equipment
manufacture has occurred and in parallel with factory acceptance
tests and fi_ al integration. tests Procurement of a simulator isn

an owner / operator decision.

C-E has adopted a-comprehensive development ap) roach which is
commensurate with the evolutionary nature of t1e Nuplex 80+ design..
This is true'of both the I&C system designs and the human factors
design. Dynamic prototypes with dynamic simulations are used early
in the design process. A full scope simulator is based on final
as-procured equipment and is manufactured later for operator
training.

-_ _ _ __ ._. - .
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Number: 420.56(7.7.1.1.11)

Question: Describe the diversity of the APS. Does this diversity include
; diverse sensors, processors, and )ower supplies? Address the
detailed guidance provided with tie ATWS Rule,10CFR50.62 Statement
of. Considerations.

Response: The APS includes sensors, signal conditioning.. control logic,-

electro mechanical actuations and power supplies. The sensors are
separate-from those of the PPS and ESF CCS, but not necessarily
diverse from those of the PPS and ESF CCS. The signal conditioning
and control logic is implemented as part of the Process CCS. The
Process-CCS is diverse from the ESF-CCS and PPS. This diversity
includes all hardware and software that specifically impacts
computer operation, including power supplies, data links and
multiplexors. Excluded are simple, well oroven devices such as
switches, terminations and wiring.

The APS final actuation devices for reactor trip are the Control- !

Element Drive Mechanism Motor Generator Set output contactors.
These devices provide diversity of design from PPS reactor trip
switch gear circuit breakers.

The final actuation devices for the emergency feedwater system are l
the motor starters and solenoids for the EFW pumps and valves, 1
These. devices are shared with the Engineered Safety Feature ;

Actuation System ~ implemented in the PPS and ESF-CCS. 1

The plant power ~ sources for the APS reactor trip logic and
actuation devices are independent of the plant power sources for

,

the PPS reactor trip system. The PPS and RTSG are powered from the '

Class ~1E Vital Bus system. The APS reactor trip logic is powered
from the non-Class IE,- Channel X and Y instrument busses; the APS
reactor trip actuation device power is supplied from the MG Set
Generator. These APS sources are independent of the class lE Vital
Bus system.

The plant power sources ~for the APS emergency feedwater actuation
logic power is -independent of the plant )ower used by-the PPS and
RTSG, The PPS and RTSG are powered by tio Class IE vital bus
system; the.APS is powered by the non-Class lE instrument busses, i

The emergency feedwater actuation device power is not independent
between the APS and PPS, since the final actuation devices are'
shared by the:PPS and the APS.

'

Turbine: trip is initiated by CEDM bus undervoltage relays located
L in the CEDM power supply cabinets _ of the Power Control System
! (PCS). These relays will raact to CEDM power interruption by
l- either the PPS or APS, The PCS undervoltage relays are diverse-

from'all PPS and RTSG equipment.

1
o
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Number: 420.57(7)

Question:- It is not clear to the staff how the sensor transmitter outputs
will be transferred to the Remote Shutdown Panel when required.
Presumably the calibration data updates in the plant protection
system would be disconnected during the transfer. Provide a more
detailed description of the transfer from the main control room to
the remote-shutdown panel.

Response: In the Nuplex 80+ systems, sensor transmitter outputs are not- _

trans ferred. Upon transfer of control from the Main Control Room
(MCR) to the Remote Shutdown Panel (RSP) the only transfer that
occurs is the enable / disable of the man-machine interface (MMI) at
each location. The sensor transmitter outputs-are wired to
multiplexers or equipment, which are located in field areas or
equipment rooms as applicable. These areas are totally independent
of the MCP and RSP areas, including electrical, HVAC and fire
protection. Both the RSP and Main Control Panels '(MCPS) interface

' with the_ system's equipment via fiber optic' cabling and
multiplexing, providing electrical isolati- and fault protection
to system's equipment.

Transfer of control from the MCR to the RSP..is. accomplished on a
per channel basis via control transfer switches located in-
channelized equipment areas _outside of the.MCR fire zone. Transfer
of control of any or all channels of equipment from the MCR to the
RSP is alarmed in the MCR to alert the operator the. transfer action
is taking place,

in the event of transfer of control from one location to the other,
the transfer action enables the operator's manually entered control
signals from the location being transferred to, and blocks the
operator control signals from the other. _ Therefore, upon transfer
of control no actual disconnecting takes place, -only enabling or-
blocking of MMI signals from the MCP/RSP as applicable. This

_

transfer is- completely bumpless, meaning no setpoints are disturbed
and, therefore, there is no disturbance to the output of any
control or 3rotection system. Bumpless transfer is accomplished by
retaining t1e memory of all operator entered setpoint and control
commands, within the system electronics located in the channelized
equipment areas, not in the MMI devices'of the MCP or RSP. All MMI

| devices are totally passive, meaning-they can be disconnected at
any time (for control transfer _ or more routinely for maintenance)
with no disturbance to the-plant.

|

-
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:

Number: 420.58 (Non-docketed backup material review)

Question: As part of the staff's review to date there have been meetings with
.

'

-the licensee and material presented and discussed which has not
been placed or, the docket. These questions are-labeled as " review" 1
questions, in Volume 1 of the backup documentation that was !
available for the staff to review there was a description of the 1

priority 1 and 2 alarms which are processed and displayed i
independently by the DIAS and DPS systems which also cross check

'

each other_. How is independence and isolation _ maintained.

Response: Independence and isolation between DIAS and the OPS is maintained
in the following manner:

1. In)ut data to DIAS and DPS is transmitted separately from
Jotler NPX80+ systems (e.g... PPS, CCS, PCS) via data links,

All data links to DIAS are fiber optic to maintain electrical
independence from DPS.

2. DIAS and DPS are powered from independent battery-backed :

instrument busses as follows:

DPS - Channels X, Y
DIAS-N - Channels C,-D
DIAS-P. . Channels A, B

3 '. DIAS and DPS each process their input data independently to
generate their respective alarms -and displays. However fiber
optic data links are used between DIAS-N and DPS for the
following-functions:

a. Alarm _and display outputs generated by DIAS-N are
~

transmitted _to DPS periodically for comparison to the
corresponding DPS generated data. Unacceptable
discrepancles are alarmed by the DPS. The DPS uses DIAS
data only- for comparison .to its own data. It does not
use the DIAS-N data as input to any of its own-
calculations. Errors in the data-would not impact OPS
generated data,

b. Data that is calculated only by the DPS (such as COLSS)
is transmitted to DIAS-N for input directly into DIAS N-
alarms and displays. This data is not used in any DIAS-N
calculations. Therefore errors in this data would not
impact DIAS N generated data,

c. If an alarm is acknowledged by the operator on DIAS-N,
that acknowledgement signal-is transmitted to DPS to also
acknowledge the corresponding DPS alarm. Similarly, DPS
acknowledgements are transmitted to DIAS-N to acknowledge
the corresponding DIAS-N alarms. Errors-in this data
could prematurely acknowledge alarms but could not block-
the generation of alarms.

. . - _. . . . _ .
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d. DIAS N health status including a memory checksum is
"itransmitted to OPS for alarming. This data is not used

in any DPS calculations, therefore errors would not
impact OPS performance.

C-E has minimized the potential for data corruption between DIAS N
and DPS by carefully restricting the manner in which inter-system
data may be used in the respective systems, and by employing
communication error detection. In addition, as an added precaution-
DIAS-N includes a separate micro processor that is dedicated to DPS
communications. This processor handles all DPS communications I

handshaking to avoid any disturbance to the deterministic i

performance of the DIAS N internal communication network or other
DIAS-N-processors performing calculation or display functions. The
communication processor checks DPS data for reasonability before it-

can be passed on to the rest of the 01AS-N system.

The discussion in item 3 above pertains only to DIAS N/0PS !

interfaces. It is noted that for DIAS P the only communication
with DPS is unidirectional to transmit signal validation

,

-calculation results. -DPS compares this data to its own |

calculations to alarm differences (as it does with DIAS-N data). J
'There is no data transmission from DPS to DIAS-P. As in DIAS-N,

'
,

DIAS-P contains a separate microprocessor'to handle communication
hand ~ shaking with DPS.

i



. _ ._ . _ _ _ . - . _ _ _ . _ . . . _ . - _ _ . _ . _ _ . - .~..~... _ .. _ _ _..

SJWO92/77i
>

1

i

Number:-. _420.59(Review) ,

'

LQuestion:- A description of the touch screen discrete indicators was
: presented.. Does the operator need to select different screens'to .

- see the RG 1.97 Cat 1-variable. !

~ Response: The operhtor does not'need to select different screens to see the
RG 1.97 Cat i variables. The displays provided on DIAS P are
dedicated to the RG 1.97 Cat I variables. RG 1.97 Cat 1 variables
are also displayed on DIAS-N and DPS but in these systems they do
not necessarily have dedicated displays, selection by the operator
is often required. it is noted however, that in DIAS N some RG
1.97. r.at 1 -variables do have dedicated displays if.these variables -

are also considered key indicators of critical function status or i

success path performance. Selection criteria for all DIAS displays ,
is. defined in CESSAR Chapter 18.

.
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'

Humber: 420.60(Review)

-Question: The DPS is described in the manuals available to the staff as
having an RS-232 datalink available and that bi-directional
communication is supported. Describe any area in which non safety
systems provide information to safety systems.

Response: Section 6.3 of NPX80 IC-SD710-00*, Revision 00, " System Description
for the Data Processing System-for Nuplex 80+," describes in detail
the communications between the DPS and the other Nuplex 80+
systems. Each subsection under 6.3 describes-the unique
communications requirements to each Nuplex 80+ system. There is
bi-directional data communications between DPS and DIAS where DIAS
is defined as important to safety. The design will ensure-that the
DPS cannot compromise the integrity of the DIAS (see response to
Question 420.58). There is no bi-directional data communications
with any protection system. If bi-directional communications is
required with-any protection system, the design will ensure that
erroneous data on these links cannot compromise the single failure
integrity of the protection systems ' Appendix G, " Summary of Data
Communication Interfaces," summarizes all the DPS communications
interfaces.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will-be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document

- determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.
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Number: 100.1

Question: What plans does C-E have for addressing the National Environmental
Policy Act, including potential severe accident mitigation design
alternatives?

Response: C-E is participating in NUMARC's Standardization Oversight
Committee. This committee is developing a proposed approach to
NEPA and will be discussing this approach with NRC staff prior to
finalization by the Committee. At the conclusion of these

{}} discussions, C-E will inform the staff of the approach to NEPA. A
similar question was asked in a letter dated February 21, 1991 from
D. M. Crutchfield to A. E. Scherer.

._. .. .
.
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Number: 620.1
t

Questioni Provide a detailed human factors program plan which includes (1) a'
~ scope of _ work, (2) the organization of .the human factors group and

. .

their reporting structure, (3) a description of.the human
engineering and system analysis-studies to be performed, (4) the*

. '

human factors' guidelines that will- be generated as a result ofefforts, (5) a schedule of major human engineeringstandards and-

imilestones and technical reviews with anticipated levels of human
engineering support, and an outline of the human factors test and
evaluation plan,

r

Response:- (1) & (5)

Human factors planning for the Nuplex 80+ design process was
incorporated es part of the overall advanced control complex
design process planning. A high level human factors plan
indicating the organization of the Nuplex 80+ design team, its

.

reporting structure, the scope of work and the principal human"

factors activities of the process was provided in CESSAR-DC :
Sections 18.1-18.4.; These sections were submitted in
Amendment D and-developed prior to- the major part of the work
being performed.

L

P further details related to the human factors planning are
provided in the program plans for FY87-FY89 for the DOE
Advanced 1&C- Program. Work plans for these. fiscal years- were:

sent-to DOE in letters ALWR-87-109, ALWR-88-014 and
-

ALWR-89-028. This program was used to perform most of the
u -human factors activities during the design process as part of- 1

the Alarm and Display Methodology and Control Systems i

Performance tasks. The Advanced I&C Program plans indicate
. the scope of work performed and a detailed schedule, including

.

mfd stones and reviews. The plans are available for staff
review at C-E.

(2) The reporting structure for!the design team _is shown on
Figures 620.1-1 (a and b) and-620.1-2. Most of the. design

! team were members of-the'I&CE department in Nuclear Powar-

1 - Systems and-reported-to the supervisor of.the Advanced
|

Instrumentation-Design group. The organization is shown in
Figure 620.l'-la. The human.. factors specialists were members

- of the Nuclear Power Services ~ division reporting to both the
- Advanced Instrumentation Design supervisor and Human Factors 1

and Cognitive Services supervisor (Figure 620.1 2). A recent
I&CE organizational change (Figure 620.1-lb) has the ALWR,

human factors specialists reporting to.the supervisor of
Control. Complex Engineering.

(3)--Tabl.e 620.1-1. lists the major human factors analyses and
' studies performed during'the Nuplex 80+ design process.

_
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(4) The Nuplex 80+ human factors effort generated an
implementation methods document early in the design process.
This document is the " System Description for Control Complex
information System for Nuplex 80+" (NPX80-IC-SD791-Ol*). As
the design proceeded, additional methodologies were added and
documented temporarily in other documents for efficiency. The
control complex system description is now under revision to
consolidate all methodologies again. The Nuplex 80+ process
did not establish " guidelines" as guidelines would lead to
different implementations by different designers. Human
factors criteria were obtained from the references provided in
the response to Question 620.31 for all man machine interfaces
used in Nuplex 80+.

(5) The test and evaluation plan is discussed in the response to
Question 620.30. This includes activities that have been
performed for certification and activities that are planned
for the future. The level of human engineering support varies
according to the tasks being performed. The level of effort
of human factors specialists is discussed in the response to
Question 620.4.

*This document is considered proprietary to Combustion Engirsering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

<
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Table 620.1 1

Hyolex 80+ Studies and Analysti
,

Completed:

o Nuplex 80 Studies

o Halden Reactor Project Validations
,

Critical function tionitoring System (CfMS)-

SuccessPathMonitoringSystem(SPMS)-

Integrated Process Status Overview (IPS0)-

o Advanced I&C Human factors Studies

Alarm Problems

Alarm Handling

Operator Aids

Control Room Configuration Evaluation
Task Analysis / function Allocation
Indication Reduction Study

-Visibility, Mobility and Access Study
Human factors Verification - Availability and Suitability

Planned:

Continued Verification Analysis
Human factors Validation-

I

l'

,s - . - - , -- - - . . , _ . - .. -- .-- , - . - - . - - , . ,- - ~ . , , ..
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Number: 620.2

Question: Describe the human engineering studies that led to the selection of |

the flat panel programmable displays used on the control boards. |

Describe how they meet the o>erator and instrumentation
requirements identifie:' in tie task analysis, as well as the ,

maintainability, and reliability requirement established for i
Icontrol room instrumentation. Also address how they contribute to

the goal of redundancy and diversity, include relevant findings
from task analyses and product evaluations.

Response: Many factors contributed to the selection of flat sanel displays I
Ifor use on the MCR control panels. This included ' aoth human

engineering and instrumentation parformance factors. flat panel |

display technology was selected for discrete indicators and alarms
based on the following required characteristics:

Diversity from CRTs to provide common mode failure protection of
the MMI,

1Sfismic Qualificati.p.D to meet requirements for Regulatory Guide
1.97 Category 1 parameter display,

selectabili.t.y of displayed information to support continued plant
operation at power upon the failure of the DPS resulting in loss of
all CRT information, sensor deviation diagnostics, alarm details
and control selections.

Eclhbility and Maintainability including short MTTRs and long
MTBfs.

Dynamic Graphic Disniavs for trends, automatic scaling, bar charts,
etc.

Interface n nbB ily that is satit.actory to meet Nuplex 80+ human
factors methodology and acceptanew criteria.

SDmittdization because one programmable device serves needs of
Nuplex 80+ applications for indicators / recorders, alarms and
controllers.

Other positive characteristics include low sensitivity to electric
and magnetic fields and low voltage.

The human engineering focus of the flat panel evaluation was on the
acceptability of the interface in the proposed Nuplex 80+
applications. A preliminary evaluation initially determined if
flat panel devices could acceptably arovide the features required
(i.e., touch selection, flash, bar clarts and digital display).
Later the devices were evaluated in specific Nuplex 80+
applications during the suitability verification analysis.

. . . - . . . _ ,
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The function task analysis results indicated that for many tasks a
single value of a parameter is required not multiple channels of
data that may be provided by plant instrumentation. Discrete
indicators using flat panel displays meet this need specifically by
providing a single validated parameter value instead of multiple
channels. The selectability of individual channels meets needs for-

!
other tasks and equipment failure situations. Similarly, spatially
dedicated dis) lays of high priority alarms required dynamic tiles
(i.e., could >e either Priority 1 or 2) with the ability to display
multiple messages for alarm conditions grouped in a tile. The flat
panel devices met these operational needs. Controllers were
designed similar to-conventional plant controllers using flat panel
displays. Task analysis-results indicated that selection of

p inputs, selection of setpoints, output control and mode selection
were required to meet operational needs.

Flat panel electroluminescent displays are easily removable from
Nuplex 80+ panels by disconnection of quick disconnect cables and

. removal of four bolts. Re>1acement of a device takes less than
one half hour. Tbc publis1ed expected MTBF of these devices is ;

30,000+ hours resulting in an availability of 99.998%. Actual
in service ex)erience is exceeding this number and revised
published numaers exceeding 40,000 hours can be expected.

Flat panel displays provide indications and alarms on diverse
technology that are redundant to information provided on Data
Processing System CRTs. This directly supports the Nuplex 80+
approach to address potential common mode failures with diversity.-

Additionally, flat panel displays for DIAS N and P provide
redundant display-of Category 1 PAMI parameters required by
Regulatory Guide 1.97, with all of the required characteristics of ,

Category i variables,
t

A flat panel product evaluation was conducted comparing Liquid -
Crystal Displays (LCD), Electro Luminescent Displays (ELDS) and-
Plasma Displays. The conclusion-of the product evaluation was to -

select-ELDS for Nuplex 80+ applications sased on ruggedness and
display quality. ;

.

y

)
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Number: 620.3

Question: (1) Describe the technical and administrative methods used by
C-E's human factors specialists to track the evolution of the
design and to influence the design process.

(2) Describe the documentation control system that is in place to
ensure that the evolution of the man-machine interface
elements of the design have been documented and provide an
auditable documentation trail. How are the results of
studies, design decisions and trade-offs documented?

Response: (1) The 1&CE department has a comment-resolution tracking system
that is used to assure future implementation of open items
identified during the design process. This is available to
human factort, specialists as well as engineers involved in the
design. For short term tracking, HF specialists comments and
recommendations have been documented in reports and then
integrated into the subsequent revision to design documents.
A CESSAR-DC open items list also provided tracking for
specific items to be resolved and incorporated into CESSAR-DC
if appropriate (e.g., Amendment I closed out I&C open items).

(2) The design was tracked as it evolved through internal
memoranda and Nuplex 80+ documentation. The internal
memoranda were the primary means for documenting design
decisions and trade-offs. C-E is developing a design document
that consolidates t'ne design evolution memoranda with emphasis
alaced on the bases for design decisions (this document will
se included in the set of Nuplex 80+ Reference Design
Documents *). Results of studies are documented in either
Nuplex 80+ documents or milestone reports for the DOE Advanced
1&C Program.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staf f review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.
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Number: 620.4

Question: How many human factors specialists are currently dedicated, on a
full-time basis, to the System 80+ design? Into how many hours of
face-to-face contact time does this translate with the NSSS and B0P
engineering and design staffs per weeks't

Response: Currently there are four human factors specialists dedicated to the
Nuplex 80+ design. The number has ranged from one to four,
depending on the work being performed at any given time in the
design process.

Depending on the activities being performed, the direct contact
with engineering staffs ranged from 0% to 100% of the human factors
specialist's time with an average of approximately 25%. Ac'ivities
such as the functional task analysis required a relatively small
amount of face-to face contact, since the functions for System 804
are similar to those for previous System 80 plants. Other
activities such as design review meetings and the suitability
analysis required a relatively high level of face to face contact.

- - _ - _ _ - _ _ _ _ _ _ _ - _ - -
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Humber: 620.5

Question: Chapter 18 Section 17.7.1.1.2 describes the use of 11 colors;
TE 790-Ol* Paragraph 3.1.2, Point 1, identifies another two colors;
and SD640* Paragraph 6.1.4.1 identifies two or more colors. There
is no clear and concise presentation of the information coding
scheme used in the System 80+ control room.

Provide a matrix of all the information coding methods and their
meanings used in the control room. This would include, at a
minimum, the colors, the symbols, changes to alphanumeric and
symbols such as case or size, any patterns, position / location /
denotation of data that would convey information, flash, flash
rate, figure-background changes, reverse video, color changes
(include contrast ratios), changes in intensity, etc., or any
combinations thereof that are used on software driven and hardwired
displays that provide some kind of quantitative or qualitative
information to operators or maintenance personnel.

Response: The Nuplex 80+ coding methods were documented in the System
Description for Control Complex Information System,.

NPX80-IC SD790 Ol*, Revision 00. As the design evolved and was
reviewed, additional coding conventions were established and
revisions to coding methods were required. Changes have been
documented in the verification analysis report and the Component
Control System (CCS) System Description as noted in the questions.

The recent submittal of Amendment I of CESSAR DC clarifies the
current coding methods. In addition, as previously indicated to
NRC staff, the System Description for Control Complex Information
System for Nuplex 80+ (NPX80 !C SD791 Ol*) is being revised to
incorporate all Nuplex 80+ coding methods. This document revision
includes the requested matrix which is provided in Figure 620.5-1.

*This document is considered proprietary to combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.

. - . . . - _ -
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Number: 620.6

Question: Describe the standardized training materials (e.g., content,
format, and development process) being provided to the purchasers
of the C-E System 80+ for those aspects within the CESSAR design
scope.

Number: 620.7

Question: Describe the guidance that will be provided to purchasers of the
C-E System 80+ to ensure consistent adaptation of the standardized
training materials to site-specific training materials.

Number: 620.8

Question: Given the advanced technology of the C-E System 80+ what are the
specific skills, knowledge, cbilities, and aptitudes, based on the
task analysis, that will be provided to purchasers to assist in the
development of site-specific personnel selection criteria?

The information provided in Section 13.5 indicates that information
concerning the site-specific operator plant procedures is within
the referencing applicant's scope and shall be provided in the
site-specific SAR. Since this is not consistent with the staff's
position on standardization, the following should be addressed.

Number: 620.9

Question: Describe the standardized normal, abnormal, and emergency operating
procedures C-E will provide to the purchasers of the C-E

,

System 80+.i

Number: 620.10

Question: Describe the standardized procedural development guidelines to be
| provic'ed to referencing applicants for those normal, abnormal, and
| emergency operating procedures (e.g., writer's guide, verification,

and validation guide, procedural maintenance guide). Describe the'

interface information that will be provided to ensure that
site-specific procedures will be consistent with the standardized
procedures.

Response: Response to Questions 620.6-620.10

As stated in CESSAR-DC, Sections 13.2 and 13.5, the procedures and
training for a particular plant are within the scope of the
site-specific SAR. C-E intends to comply with the staff's
" training and procedures" position by providing standardized
training and operating procedures guidance. This guidance would
then be input to the site-specific training program and operating

,

i procedures. This approach is necessary as a result of 1

site-specific component selection (meeting standard functional
requirements) and utility-owner responsibility for plant operation.

.. - - -- -. - .. - - - . - _ -



. _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ __

DLH179/ 15

Number: 620.11

Question: Does System 80+ use advanced and intelligent operator aids based on
expert systems or other artificial intelligence (AI) technologies?
If so, describe the following:

a. The extent and dependence on intelligent operator aids
necessary to achieve the single operator design goal,

b. The specific operator aids that are planned and technology on
which they are based.

c. The methods of knowledge engineering that will be used.

d. The approach to be taken to develop operator confidence in the
systems to assure that they will be appropriately utilized.

e. The methods to be used for the verification and validation of
the performance of intelligent operator aids.

Response: The Nuplex 80+ ACC uses no expert systems or Al technology in any
of its system designs, including the advanced operator aid designs.

|
!

!

!
|

|

|

|

_ _. - - __ _ _ _ _ _ _ _ _ . . __
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Number: 620.12
)

- Question: How will C E demonstrate that the System 80+ design objectives of
improving operator performance, reducing maintenance time, and
improving reliability are met?,

j.
Response: C E is taking a phased approach during the design arocess to<

demonstrate acceptatie operator performance with tie Nuplex 80+
,

interface. Some features had been demonstrated to improve operator |

performance prior to incorporation into Nuplex 80+. This includes
critical function monitoring, success path monitoring and IPSO, all |

of which wera validated at the OECD Halden Reactor Project. These
validations are discussed in the response to Question 620.30. As
design features were selected qualitative evaluations were
performed to dttermine if the_ feature (s) solved existing
operational problems without introducing new performance )roblems.
T.1ese evaluations included multi disciplinary reviews wit 1

participation by both C-E and Duke Power Company operators to
assess the impact on operations. l

l
After design of the feature (s) and development of a prototy>e, a
suitability verification analysis was performed to verify t1at the

i indication and control capabilities adequately and appropriately
supported performance of operator tasks. This analysis focused on
performance of individual MI prototypes and the ensemble of thet

interfaces provided on a Nuplex 80+ panel. The suitability
analysis also considered the big board overview of plant status on
IPSO. In addition to the verification analysis, more than 100
dynamic demonstrations have been given to power plant engineers,

| operators and maintenance people with positive feedback on Nuplex
80+ improvements to operator performance and mainter.ance, finally,
acce) table operator performance is demonstrated through validation
of tie complete interface on a dynamic mockup of the entire
controlling workspace. This includes operator walk through and,

talk through of procedures with an approximation of the real time
response. The validation effort will be completed af ter
certification.

Nuplex 80+ equipment is designed to provide easy failure detection
and maintenance. This is demonstrated by determining a mean time
to repair for Nuplex 00+ display and processing devices. Nuplex
80+ is designed to oeet the EPRI Al.WR URD requirements of a mean
time to detect and repair equipment of less than 4 hours with a
maximum time to detect and repair failures-of 8. hours. Design
features such as modularity, easy access, self-diagnostics and
automatic testing are incorporated into the design. MTBF data for -

L all equipment is readily available from menufacturers since
'

Nuplex 80+ is composed almost entirely of commercial products.
Custom parts of Nuplex 80+ are already in use in other C E plants.
Times to detect and repair failures are determined based on
required repair activities plus reasciable allowances for personnel

<

- , ,-.+-v -,*, -,.,,-.,,v-r-- ,+,e-y,-,-,-wm,1--.u.g ,-m----% rrve- , we e,.n,,_w%m, ,.e-m.%..,a _ . * - .www,v-------, -rw-v <--ere -t --e,e
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<

access, paperwork and security. Availability analyses are
performed for all Nuplex 80+ systems. A representative
availability analysis document has been included in the Nuplex 80+
Reference Design Documentation *.

.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staf f review of CESSAR DC. Information from this document
determined to be recessary to support the staff's safety finding
will be placed in CESSAR DC in a future amendment.

|

|.

|
,
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Number: 620,13.

. Question: How does C E plan to demonstrate that " improved plant
comprehension" has been achieved over the reference design for:

; - a. improved alarm presentation and handling

b, continued plant operation with loss of 1 or 2 diverse
.

information display systems '

c. integration of normal and accident monitoring displays

d. improved usability of the information presentation methods
used to reduce required operator information processing-

requirements.a

Response: The Nuplex 80+ man machine interface has been designed with
specific features to improve comprehension of plant conditions
compared to conventional control room technology. Specific;

features are provided for each of the question items. These are
discussed on an item by item basis.

,

a. The Nu)1ex 80+ design itoroves alarm presentation and handling
throug1 the following 'estures:>

Alarm Pro,sentation

i) using both spatially dedicated alarm tiles and serial
access to alarms-via CRT at any MCR panel-takes advantage

[_ of pattern recognition for high priot ity alarms and
i allows operators to bring alarms to him via CRT for

acknowledgement, if desired,,

I

ii) consistent display coding for alarm priority (based on ;

time required for operator action) is used in both CRT
and DIAS-alarm presentation,

iii) using grouped alarms with dynamic messages, IP50
indication of high priority alarm locations, and critical
function alarm algorithms to allow the operator to.
quickly correlate alarm conditions to plant safetyy or
performance impact,-

1

iv) redundant and diverse presentation of high priority

reliability; i.e. grated manner on DIAS and CRTs for
alarms in an inte

, even with expected equipment failures
alarms will be available to operators,

y) addressing potential alarm overload conditions by
providing a-*stop flash" and " resume flash" feature to,

temporarily allow viewing only existing Priority 1 alarms
and all subsequent ' alarms while deferring the
acknowledgement of all other alarms.

. _. _ . _ - _ . . - . _ _ _ _ _ ..._... _ -. _ _ ._ _._._._ _ _ _ . _ _ . _ . . . _ . _ - _



. _ _ _ _ _ _ - - - - - - _ - _ _ - - - - - - - _ - - - . - - - - - - - - - - - - - - - - - - - - -

1

0U1179/ 19

!
,

|

Alarm Handling
,

1) basing process alsrms on validated process representation
parameters and indicating channel failures by lower
prin ity alarms,

11) basing alarms on current plant operational modes,
including post trip, to reduce nuisance alarms,

iii) using an acknowledgement method that requires operators
to acknowledge all alarms individually without excessive
non critical task loading, !

I

iiv) using equipment dependent alarms to minimize nuisance
alarms,

v) providing capability for o)erator established alarms to
allow operators soine flexistlity in setting operationally
beneficial alarm points,

vi) correlating critical function monitoring directly to the
emergency operating procedure bein used, to avoid
confusion between procedure setpoints and critical
function monitoring setpoints.

A quantitativo assessment has determined a 60% reduction in
alarm tiles for Nuplex 80+ compared to a conventional plant.

b. The Nuplex 80+ man machine interface is designed for continued
operation with failure of either the entire D."S or DIAS
channel.

A complete description of the Nuplex 80+ approach to degraded
conditions is provided in the response to Question 620.35.
DIAS has been designed to provide all information required for
continued operation for 24 hours, including high priority
alarms, key validated parameters with multiple parameter
enannel availability. The basis for selection of DIAS
paramo.ters is those required for technical specification
surveill&nce, accident monitoring of critical functions and
success paths and Regulatery Guide 1.97 parameters, and

I investinent protection of major components (e.g.. RCPs). The
advantage of Nuplex 80+ upon DPS failure is that improved
comprehension is still supported by alarm processing and
signal validation which are performed by DIAS. In a
conventional plant, loss of the plant computer means that all
information processing for the primary operator interface is
lost. Continued operation without OPS CRT displays is
evaluated as part of the Nuplex 80+ verification and
validation program. The Nuplex 80+ approach is also an
improvement over other advanced control room designs which
require plant shutdown when the plant computer fails. This

|

I
_ _ _ _ _ __ _ _ _ .._
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approach puts the plant and operators through a transient with
a degraded interface instead of staying at a stable known
condition as with Nuplex 80+.

DIAS failures are discussed fully in the response to Question
620.35. Complete loss of DIAS is not a credible event because
of the segmentation of the design. Either DIAS N or P would
remain with any credible failure to provide Regulatory Guide
1.97 Category 1 parameter monitoring. If either part of DIAS
were inopnable, the DPS CRTs at every panel in the control
rocn would be available for continued operation. All plant
information arid alarms provided by DIAS are available through
the DPS, including all information processing to support
improved com)rehension. DIAS failure would impact operations
because of tie loss of spatially dedicated information. This
condition is also evaluated in the Verification and Validation
Program.

Loss of both the entire DIAS or other DIAS channel and DPS
simultaneously is not a design basis event for Nuplex 80+.

Nuplex 80+ is designed to integrate normal and accidentc.
monitoring displays. Integration of normal and accident
monitoring displays is accomplished through four Nuplex 80+
design features.

(1) lhe SPDS function is integrated into the normal DPS
interface using the same coding and navigation
conventions instead of being a stand alone system. This
simplifies the transition to post trip monitoring, since
the same interface is used.

(2) Critical function monitoring is used for power aroduction
(making megawatts) during normal operation in tio same
manner as it is used for safety post trip. Thus,
operators are familiar with operation by function
normally which is easily extended to safety during
off-normal events.

(3) Another integration feature pertains to monitoring of
Regulatory Guide 1.97 Category 1 parameters. DIAS
channel N flat panel displays are part of the normal .

interface at appropriate functional locations on control
room panels. These displays use a validation algorithm
to compare the process representation signal to the PAMI
channels for consistency. Successful validation is
indicated to the operator on the display to allow use ot
the validated parameter display during accidents. A
redundant dis) lay of all Category 1 parameters is
provided on tie safety monitoring panels. The Regulatory
Guide 1.97 approach is explained in Section 7.4 of
CESSAR-DC.

_ _ - - - _ _ _ _ _ _ - _ _ - -_
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(4) The IP50 display also integrates normal and accident
monitoring. IPSO provides both power production and
safety information through major systems and components
status, existence of high priority alarms, deviations
from setpoints and parameter trends and key
representative parameters. IPS0 uses the same display
and methodology to provide both sets of information, thus
improving operator's comprehension of accident monitoring
during the infrequent times when it is required.

d. The Nuplex 80+ design uses information processing in
monitoring and control systems to t educe the information
processing requirements of the operator. The reduction in the
number of displays required is based ortmarily on the
application of bignal validation whici provides process
representation parameter values by processing multiple
channels of data for the operator. failed sensor inputs are
eliminated from the calculation and alarmed, and a process
representation value is calculated using the good inputs. The

reduction in the number of alarni tiles results from
prioritization, signal validation and alarm grouping. Alarm
actuations during events are reduced by post-trip mode
dependency and alarm grouping. Both tile and alarm actuation
reduction contribute to providing useful alarm information
instead of data.

The benefit of display and alarm reductions has been
cuantified to demonstrate that the operator will have less
ata which requires processing. Typical numbers for a panel
section are an 80% reduction in displays and a 60% reduction
in alarm tiles compared to conventional plants. Acceptable
information content of both interfaces was verified by the
availability verification process as described in the
Verification Analysis Report.

Each of the aforementionei features has been built into the Nuplex
80+ prototypes of the RCS panel man machine interface and IPSO.
Dynamic simulation of complex plant events, such as SGTR with loss
of off-site power, have been used to evaluate the effectiveness of
these features and to verify that new problems have not been
introduced. Experience with the mock-ups has shown a qualitative
improvement in alarm presentation and comprehension.

As discussed in the response to Question 620.12, further evidence
of comprehensive improvement has been provided through flalden
validations of CFM, SPM and IPSO, design reviews and demonstrations
to power plant personnel.

:
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Number: 620.14

Question:- What is the projected reliability of the controls and displays in
the control room?

Response: The reliability of all Nuplex 80+ control and display systems is ,

documented based on representative hardware (final hardware
selections are not made for design certification). Typical of 1

Nuplex 80+ system reliability is the availability of control room
information from the DPS which has been calculated to be 99.98% 1

with an HTTR of 4 hours. The DPS availability analysis report
documenting this calculation has been made available to the NRC in

-the C E Rockville, MD office. It is important to note that in the 1

Nuplex 80+ design, information is presented through two separate
so the availability of information

systeminterfaces(DIASandDPS)inprovidingitishigherthanand reliability of the ensemble <

individual system availabilities.

Control systems (Process CCS, ESF.CCS and PCS) have redundant
controls available in the NCR-via dedicated controls and system

-operators' modules thus the availability of a given control
functionissigniflcantlygreaterthaninpresentcontrolrooms

,

f

.

I
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Number: 620.15

Question: Describe the human engineering analyses and the findings of the
analyses that supported the decision to use CRTs and flat panel
displays as the primary sources of o)erator information and
hardwired instrumentation as the bac oup instrumentation. .

Response: There are no backups used in the Nuplex 80+ design and no hardwired
instrumentation is provided. 1he entire ensemble of computer based

(DPS), process controllers,luding flat panel displays (DIAS), CRTs
inan machine interfaces inc

component controls and operators
modules (control and protection systems), is treated as an
integrated package. Although information and control may be
accessible via two media devices, each device is designed such that
its attributes encourage its use during all modes of operation.
Therefore, all media are familiar to the operator and less likely
to induce error under stressful conditions, such as accidents
and/or operation with equipment failures. All indicators and
controls are qualified to the degree required for their intended i
function.

-
1

1he basis for selection of flat panci displays was arovided in the !
response to Qacstion 620.2. The use of CRTs were closen because of i

their superior multi + color graphics capabilities for display. In
addition, their flexibility and ability to present serial data with
little limitation on space and their ease of design changes for
software based interfaces contributed to the decision. No specific
studies were performed during the Nuplex 80+ design process related
to use of color graphic CRT displays. Presentation of data in the
context of color graphic mimic displays has been long accepted as a
significant improvement over large quantities of non context

related analog ) indicators.of > aging to access frequently needed keyThe deficiencies with CRT media (also
long recognized
information and the (eyho19 effect during transients and upsets are
overcome in Nuplex 80+ by supplementing the CRTs with a limited
number of spatially dedicated indicators and alarm tiles. As

'

stated areviously, all devices are used in compliment without
unused sackups.

.. -, - . . . . _ - - - _ _ _ . . . .. -
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i

j Number: 620.16

. Question: How was the task analysis used by those responsible for the
j individual panel designs? On what basis was the allocation of
a tasks made to specific places of equipment?
i

Response: The task analysis data was used by designers, as one of several
inputs into the design process, to determine what information and
controls would be placed on a panel and its corresponding dis) lays..

Other input included panel designs and instrument itsts of ot1er
CsE plants and previous Nuplex 80 panel designs. Another key to
this process was that the designers were experienced reactor
operators and design reviews were held with other operators as well
as a multi disciplined engineering team. C E has also factored in
feedback from more than ll'0 demonstrations of the design to
multi disciplined industry personnel. The panel design process is

,

fully described with an example in CESSAR DC Sections 18.7.2 and'

- 18.1.3 and in more detail in NPX80 lC RR 791 0l*.

| The function allocation between man and machine was initially
'

assumed to be the same as for System 80 control rooms. Thisi

assumption was made because no function allocation problems had
been identified in the System.80 designs. With the evolutionary
approach to the Nuplex 80+ design, no significant changes in
function allocation were sought. This assum) tion was checked
through a task loading analysis as part of tie task analysis
process. No instances of unacceptaale task loading were identified
so no changes to the allocation between man and. machine were

,

required. For allocation of information to specific equipment,.

essentially all information was allocated to se presented on the
CRTs. This was further allocated to general monitoring _(Level 1),
control (Level 2), or diagnostic (Level 3) displays per criteria
found in NPX80 lC SD710 Ol*,.Section 6.0. The information selected
for spatially dedicated display on DIAS devices was determined

,
' using criteria in Section 7.0 of that document. The final

selection decisions were made by the designer of individual panel
sections anu reviewed by the design team, design review team and
verification analysis.

This document is considered proprietary to Combustion Engineering,*

Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR 0C in a future amendment,4

i

l

I
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| Number: 620.17 ;

| Question: How was the adequacy of the information supplied to the operator to
i perform the tasks determined for the following: !

a. Type of data-. 4 ,

b. Amount of data
-

c. Usability of data
,

d. Compatibility with other forms of information/ data supplied in
the plant at local control stations, on specific pieces of
equipment, etc.

"

The adequacy of information required was determined using the
a)b) data generated in the task analysis.

Response:
The characteristics of

'

that data are identified in CESSAR DC Section 18.5 and in more;-
detail in CEN 307. Specific characteristics for the
information and controls of the System 80+ design were'

identified in-the System 80+ task analysis. The Nuplex 806
design was developed using this data and the other sources of
input identified in the response to Question 620.16. The

.

-

design was independently verified to have sufficient data withe
proper characteristics in the Availability Verification. - Thisi

analysis is described in the response to Question 620.30.
'

c) Determination of the useability of data provided on MMI
devices was the key result of the suitability verification as;

described in the response to Question 620.30.

d) Compatibility of the various forms of information throughout
the plant is assured by commitment to use_the same Nuplex 80+
conventions plant wide. This is possibic since System 80+ is
a complete plant design. The C-E document review system'

assures that all-disciplines including human factors are aware
of potential interfaces. Therefore, the design of interfaces
at local control stations or specific pieces-of equipment will
use Nuplex 80+ conventions-and be reviewed and approved by
Nuplex 80+. design team members.

,

a

+
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Humber: 620.18

Question: Who is on the initial design team and who is on the review team?
Are they the same people or are the teams composed of different
people?

Response: The initial design team was composed of human factors specialists,'
nuclear systems engineers, senior reactor operators, I&C engineers,
computer specialists and project managers. Table 18.21 of
CESSAR-DC indicates the number of full-time and part time members
of the design team that were in each discipline, it is noted that
the team included members from Duke Power Company (now Duke
Engineering Services, Inc.) who provided both a constructor's and
plant operator's perspective on adv&, iced control complex design.

The design review team was composed of representatives from reactor
engineering, fluid systems and component engineering, startup
services, nuclear licensing, instrumentation and control
engineering, human factors services and plant operation and
construction. This composition is provided in Table 18.2 3 of
CESSAR DC. The review team was composed of individuals independent
from the design team, except for two individuals who were included
to respond to questions on the design and design process. This
overlap also provided communication between the teams and to
f acilitate resolution of comments.

The review team for Nuplex 80+ verification and validation
activities consists of people that are independent of the design
team, including administratively reporting to separate management,
in addition to the formal design review team the design has been
reviewed by many individuals and organizations during more than 100
mockup demonstrations during the last two years. This has included
utilities, regulatory agencies, national labs and many foreign
organizations. Though their comments are not part of the formal
review, commeits are considered for changes to the design.

- _ _. _ . _ - - _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ __
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i Number: 620.19

h Question: Human engineering is not included under Design Process Activities.
Under Primary Responsibilities a human factors specialist is also
not included. Please explain the scope, responsibility, and

: reporting structure of the human engineering function in the System
80+ program.

Responset The intent of Table 18.2 2 was to show a high level list of
activities performed during the design of the Nuplex 80+ Advanced
Control Complex and to indicate in which activities each
discipline, including human factors, had a primary role. Thus,
human factors is shown not as a design process activity itself but I

rather an integral part of many of the activities performed.

The scope of the human engineering function includes all those
activities listed in Table 18.2 2 with primary responsibility being
with a human factors specialist. Human factors specialists also ,

had lesser involvement in other areas such as development of the !
!design bases. The human factors responsibilities included

performing the task analysis, defining MMI conventions and I
,

methodologies and reviewing resulting interface designs,- developing
control room environmental criteria, assessing the MCR
configuration and performing verification (availability and
suitability) and validation activities.

.

Human factors members of the design team report technically to the
supervisor of Advanced instrument Design of the Instrumentation andi

| Controls Department. Human Factors members of the review team
i reported to the supervisor of Human Factors and Cognitive

Engineering in the Operational Services Department. This was ;

discussed with illustrations in the response to Question 620.1. ;
s

,

~

|.
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1
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Number: 620.20{
Question: Identify the human engineering principles established for Nuplex

: 80. What analyses were used to identify the areas requiring
i improvement. What ' specific improvements" were added?

,

Response: The human engineering principles that Nuplex 80 was based on are
very similar to those of Nuplex 80+, The design was based on a
functional task analysis, human factors specialists and o)erators
were heavily involved in all phases of the design, availa)ility and
suitability verification analyses were performed and a dynamic
mock-up was used to evaluate and refine the design.

A significant source used to identify areas requiring improvement
ir, Nuplex 80 was customer feedback. Nuplex 80 was sold to Jersey
Central P&L, TVA, and New York State Gas and Electric for System 80
plants. As is indicated in CESSAR DC, a significant amount of
design work was done for TVA. The design was also bid to Tai Power
in the early 1980's. A number of the areas addressed in the Nuplex
80+ were identified by customers during the design and bid
processes.

During the Nuplex 80+ design process areas in the Nuplex 80 design
requiring improvement were identified and considered through design
review meetings. These meetings included operators, human factors
specialists, instrumentation and controls engineers and project
management. Each improvement area was considered for regulatory
requirements, customer desires and technical considerations, such
as advances in technology. Specific areas requiring improvement

I were identified and addressed as indicated in Section 18.6.1 of
CESSAR DC. These include removing hardwired backups for
indications and alarms and integrating spatially dedicated
indications and alarms into the )rimary interface with no backups.
This allows the operator to use its normal interface during
stressful situations such as losing CRT display capability. A
dedicated console for a control room supervisor was added since
utilities desired a supervisor to perform a monitoring and

- direction role and no workstation to support this role was
available in Nuplex 80. To meet plant availability goals, Nuplex
80+ is designed for continued operation upon complete failure of
the DPS instead of requiring shutdown as with Nuplex 80. Nuplex
80+ incorporates alarm handling improvements, such as mode
dependency, to address industry concerns with alarm systems.

.

*

Incorporation of the big board IPS0 into the design provides a
plant functional and system overview not available in Nuplex 80.
Integration of the SPDS function into the normal man macnine

L interface through critical functions monitoring makes it part of
L the everyday interface and, thus, familiar during accident
L situations. Application of advanced control system improvements

which were developed for conventional plants (e.g. automatic low
power feedwater control) and were not available for Nuplex 80 also
improve plant availability. Integration of divisional equipment

.
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|

into conunon panels rather than separation by panel sections as in
Nuplex 80, allows multiple success path coordination by one
operator and improved task performance,

r

i
.

,
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Humber: 620.21

Question: How was the potential for human error identified, reduced, and 1

documented in * Reduce the potential for human error that could
affect safety or availabilityP

Response: Specific problem areas where there was a relatively high potential .

Ifor human error were identified during the early phases of the DOE
Advanced 1&C program. This was accomplished by reviewing LERs,
Regulatory Guides, I&E bulletins, NUREGs, EPRI reports and other
industry reports (e.g., Halden reports). For example Regulatory
Guide 1.97 recommends that the same instruments should be used for
accident monitoring as are used for normal operations to enable
operators to use familiar instruments during accidents. This led
in part to the no backup approach of Nuplex 80+. Other specific
areas for improvement were identified in Chapter 10 of the EPRI
ALWR URD. Documentation of the areas requiring improvement was
provided through milestone reports in the Control System
Performance and Reliability task and the Alarm and Display
Methodology task of the Advanced !&C program.

Solutions were formed for the problems identified and incorporated
into the design, for example, one area identified as resulting in
a high potential for operator error at conventional plants was low
power feedwater control. Numerous reactor trips have resulted from
manual control during this condition. Olgital feedwater systems
providing automatic control at low power have been installed at
existing plants and have reduced the potential for error in this
condition significantly. The same digital control tystem design is
incorporated into the Nuplex 80+ ACC.

C E has no plans to attempt to quantify the reduction in human
error potential. C E will only verify that new aroblems have not
been introduced by the solutions to existing proslems. The Nu)1ex
80+ verification and validation analyses are the final tests t1at
those features incorporated to solve problem areas do perform
without introduction of new errors. The suitability of the
interface was evaluated in the verification analysis. Validation
of the features in relation to plant operation using the complete
control room design will occur later in the design process using
the dynamic mockup. The software based designs used in Nuplex 80+
are more suited to incorporating changes identified during V&V
because of the relative case in making changes in software rather
than hardware.

i
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Humber: 620.22

Question: How was the reduction of operator information processing
identified, reduced, and documented in ' Reduce the operator's
information processing while meeting all of his information needs."

Response: Stimulus overload has been identified as a concern with
conventional nuclear plant control rooms. The quantity of data
generated from the plant is enormous and little data processing is
performed in conventional plants before presenting it to the
operator. This led to presentation of more information than a
person can reasonably comprehend, particularly during plant upset
conditions when many parameters may be changing. The 1979 THi 2
accident provides a good example of key information being lost in
the sea of data provided. This fact has been documented in
numerous industry reports (e.g., EpRI NP 3448 for alarm overload).
The reality of information overload was confirmed by operators on
the Nuplex 80+ design team.

Based on the stimulus overload problem identified above, the
Nuplex 80+ goal to reduce the amount of data operators must
process, while still meeting their information needs, was
formulated through design review meetings and discussions with
operators. it was identified that additional information resulting
from I&C design and licensing requirements (e.g., 16 instrument
channels of the same parameter) was partly responsible for data
that added to the operators task loading. Alarm systems presenting
more alarms than can be comprehended during upsets, including
non applicable alarms, were also a contributor. The Nuplex 80+
approach is to integrate information to meet the operators needs
(as identified in the functional task analyses) while reducing the
amount of data to be sifted through to obtain that information.

The amount of processing required of the opc'.ator was reduced by
validating process signals to provide one correct " process
representation value," instead of indicating all parameter
channels. That value is used on all spatially dedicated displays
and all video displays, including lpSO. Individual sensor values
are available on specific tevel 3 diagnostic CRT displays. The
" process representation value" is also used in all application
programs, including control system algorithms and alarm algorithms.
The result is that all systems, and the operator, make their
decisions based on the most accurate information available. Other
processing which was provided to reduce that required by operators
includes alarm grouping and mode dependency, critical function and
success path monitoring, and the IPS0 display which provides a
continuous plant overview.

,

_ - _ - _ _ _ - - _ _
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Number: 620.23

Question: How will C E demonstrate that improvements in the reliability of
,

the man machine interface have been achieved, as noted in the
statement, " Improve the reliability of the man-machine interface
?hrough redundancy, segmentation, and diversity *? Does the term -

mam machine interface refer to the reliability of the hardware or a
re' uction in human error?s

~

Response: T b statement in CESSAR DC does not refer to human error. The
' reliability referred to in this statement is the functional
reliability of the entire man machine interface as a whole; i.e.,
the probability that a given piece of information or a control is
available if needed. A goal of the Nuplex 80+ design is to provide
a high functional reliability through redundancy and segmentation
within systems and diversity between systema. This approach
provides highly reliable hardware systems (redundancy), limits the
effect of failures in a system (segmentation) and protects against
common mode hardware or software failures. For example, redundant
processors and data communication exist within DIAS and CCS
segments and redundant computers are used for the DPS design. This
results in single failures having no effect on the performance of
the system related to the availability of information or a control.
in addition, both the DIAS and DPS present high priority alarms and
indications to assure information access even with multiple
failures.

The OlAS and CCS are based on segments related to panel sections
and plant functions, respectively. Segmentation limits the impact
of multiple failures (e.g., failure of both segment processors)to
relatively small, manageable areas. Nuplex 80+ uses diversity to
improve reliability by protecting against common mode failures.
For example, the DIAS and DPS monitoring systems employ diverse
types of processors (super mini computers vs. micro computers) and
different interface dev',ces (CRTs vs. electroluminescent displays).
The result is a reliable system that can continue to operate with
failures.

The hardware reliability of individual systems has been or is being
calculated, but no quantitative evaluation of the functional
reliability is planned.

. . . - - _ _ _ -. . _ . _ _ . _ _ - ,
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Number: 620.24

Question: Describe the workload analysis for one and three person operation
of the controlling workspace. Describe how the task loading and
work loads change.-

.

Response: One person operation is the minimum staffing level for Nuplex 80+.
Note that one-person operation refers to one person in the

- controlling workspace. Other operators are available in the
control room. However, the ACC is designed to accommodate other
staffing levels that utilities may desire during normal operation
or are required by emergency operation. A workload analysis was
performed for one man operation as part of the task analysis. The
workload analysis evaluated operator workload during events
expected to tax the operator, such as the first minutes after a
reactor trip. The analysis was performed to determine if the
existing function allocation was acceptable for one-person,

! operation. A description of the analysis is povided in Section
i 18.5.1.8 of CESSAR-DC. The workload analysis foun6 no conflicts

with the Nuplex 80+ function c.11ocation for one-person operation.
Further details of the analysis are available in the Function Task
Analysis report NPX80-IC-DP 790-02*.

-

The expected division of work for other MTir s levels has also
been evaluated. The maximum staffing 1m el des gned for- in the
controlling workspace is six people, as m.citi<d in the EPRI
ALWR-Up0. For this situation it is expe-l.ed tN' two o)erators
(either R0 or SR0) would be located at too 400. ne eac1 at the
auxiliary consolo and safety console ancI Nc 1Nividuals (either
the control room supervisor or shift supervtar and an STA) at the

- CRS console. Analysis has shown adequate workspace and information
-

access for all individuals for this situation. There is an
infinite range of task loading possible for op6rator staffs between

-one and six people, ' dependent on different plant events and
conditions. These were not all analyzed but bounded by the
extremes previously discussed.

Further information on-allocation of tasks during different
staffing levels-is provided in the response to Question 620.25.
That response addresses the minimum staffing during accidents
(l'.e., three operators) with expected work allocations,

p

.

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety-finding
will be placed in CESSAR-DC in a future amendment.

|
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Number: 620.25

Question: Describe the basis for the design goal of one person cor.troi of
operations between hot standby and full power. Were separate task
analyses performed for one and three person operationr? How does
the allocation of tasks among the staff change in tht control room.
for one person, three person and a full six person shift?

Response: The basis for the design goal of one person operation between hot
standby and full power is the EPRI ALWR URD. This is specified by
Chapter 10 Requirement 4.2.4 which also provides a basis indicating
that this is a design capability desired by utilities. Only one
task analysis was performed for different staffing conditions as
the tasks do not change but allocation to different staff members
does.

Theoretically, an infinite number of task allocations exist in this
control room, as-in any control room, with utility and crew
preferences being a significant factor in the actual allocations.
For normal operation between hot standby and full power one, two or
more operators can be used to operate the plant. A functior,

allocation analysis for one person operation was discussed in the
response to Question 620.24. A typical allocation of tasks for two
operators would be one R0 at the MCC performing actual hands on
monitoring and control of the plant. The second operator, likely
an SRO, would be at the CRS console overseeing operation,
coordinating with maintenance and other plant personnel, performing
administrative tasks and performing or directing surveillance. The
CRs console has two CRTs for monitoring, but no controls. During
startup and shutdown conditions an adaitional operating staff
member would be at the Auxiliary Console interacting with equipment
that must be started or stopped during these modes. The SR0 would
again be primarily at the CRS console coordinating the startup or
shutdown activities in the control room and with other plant
personnel.

During emergency operations the minimum staffing in Nuplex 80+ is
three operators. An SR0 would man the CRS console to monitor plant
conditions and safety functions, direct recovery approaches and
select appropriate procedures, and communicate with the rest of the
plant. One R0 would monitor and control normal success paths using
non-safety systems at the MCC while another R0 would control and
monitor emergency success paths at the safety console. The
three-person minimum staff for emergencies is based on emergenc
success paths that meet the single failure criterion, i.e., even
with a failure they will perform their function. Upon system
failures an additional R0 would be required to restore success
paths at either the safety console or auxiliary console (e.g.,
electrical power). Typical tasks for others who may be in the
controlling workspace include an STA, who monitors safety functions
and assures that the recovery approach is appropriate and the shift
supervisor who coordinates overall plant station response to the
emergency.
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Number: 620.26

Question: How does the Nuplex 80+ configuration minimize required access to
the controlling space? A desk / barrier does not appear to reduce
the requirement for maintenance personnel access to control room
equipment and face-to-face communications with the operating staff.

Response: The Nuplex 80+ Advanced Control Complex includes a number of
features designed to minimize required access to the controlling
workspace and lessen traffic in both normal and emergency
operations.

To access information NE0's can use CRTs in the AR0/NE0 support
office or the TSC without entering the controlling workspace. For
maintenance, testing and other routine interfaces between operators
and NE0's (or other plant staff) the design allows the interface to
occur at the CRS desk, outside the controlling workspace or in
control room offices. Both locations minimize traffic in the
controlling workspace. Having local maintenance and test panels on
the CCS and the fact that all calibration is performed outside the
main control room further reduces traffic. NE0's primarily need
to enter the main control room for discussion.

Nuplex 80+ panel design features further reduce interference which
could be caused by maintenance activities. Panels are designed for
quick equipment removal. Typically, removal of four screws and
detachment of quick disconnect connectors will allow removal of ELD
devices. Thus, all discrete indicators, alarm tiles and
controllers are easily and quickly removable. Switches are modular
and easily replaced. Only items which require rare maintenance and
have low failure rates (e.g., power supplies) are in the less
accessible portions of the panel.

For both normal and emergency operations the availability of all
CRT monitoring displays in the SS and CRS offices will reduce
control room access requirements. Access to plant status
information to support management and operations discussions is
available without entry into the controlling workspace. The dire t
viewing window from the TSC will minimize control room access neen
of emergency response personnel during emergencies by enhancing
communication between TSC personnel and the operating staff. It

also allows visitors or plant staff to view the main control room
without entry during normal conditions. DPS CRTs, with all the
same displays as in the control room, are located in the TSC to
meet the information needs of response personnel.

1
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Number: 620.27'

Question: Describe the duties-and responsibilities of the control room
supervisor and describe the tasks expected to be performed at the
CRS console in the control room. Which tasks will be performed in
the supervisor's-office? Who will be the primary operators of the.
CRTs on the control room supervisor's console and what displays are
they expected to use or access?

Response: The control room supervisor (CRS) performs a wide range of duties
related to administration of the operations crew and plant
evolutions, monitoring of plant status, and' interfacing with
maintenance and technical personnel. The responsibility of the CRS
in'the Nuplex 80+ ACC is primarily to oversee and direct and does
not differ notably from his duties at current LWRs. The exact
nature of his duties and responsibilities will be determined by the
individual utility and its operating philosophy. The CRS may be in

-his office having meetings, conducting administrative tasks, or
communicating with other groups when his presence is not required
in the controlling workspace. All of the CRS's activities can be
performed in his offices, except where face-to face communication
with operators at the panel is required. Further details on the
.CRS console and control room offices are provided in CESSAR-0C s

1Sections 18.6.5.3 and 18.6.5.4, respectively.

Tho 'CRS, ' shift supervisor. and shift-technical advisor will all use- i
the CRS console in the control room. All DPS CRT display page
selections are available to these individuals on two CRTs at the
CRS console. Their use'of them depends greatly on plant condition
and the operations.in progress. Control room operators will not
use this console, as it is primarily a monitoring station with no '

controls.- However, any and all Nuplex 80+ CRT displays can be
accessed from the CRS console,

a
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Number:- 620.28

Question; _Ex) lain how the_ control room design addresses the issues'of
' ha)itability_and the stora

documentation, procedures,ge requirements for workingsupplies and personal effects, Describe
the process used to establish the requirements for areas that
support the control room such as the Technical Support Center, 1
shift supervisor's office, etc. '

Response: The habitability and storage requirements for the Nuplex 80+
control room have been defined and documented in detail in 1

CESSAR-DC, S6ction 18.0.6. For habitability of. the control room |
the Nuplex 80+ design adheres-to the guidance of 10CFR50, Appendix- ,

A,- NUREG-0737, Su)plement 1,' and other pertinent. regulatory I
documents.applica)le to fire, smoke end radiation conditions. 1
Toxic-gas limits are defined as in Julatory Guides 1.78 and 1.95.

In addition to the aforementioned regulatory documents,,

habitability and storage requirements were based on EPRI
ALWR-URD/ Chapter.10, utility =experienceanddiscussionswith
experienced reactor operators. Significant input to this aspect of
the_-design was provided-by Duke Power Company as both a-utility and
plant constructor,with extensive experience. Storage for reference
documents such as frequently used procedures and manuals is
provided on rolling bookcases. Dedicated rolling bookcases are

.
.

provided for_ the _MCC, AC~ and SC with frequently used. procedures _ and
manuals for each console. Control room furnishings, laydown space,
and miscellaneous storage, are described in CESSAR DC, Section-

.18.6.5.5 The provisions for the control room office are described
-

in Section 18.6.5.4. Adequate storage for all necessary documents
and personal- effects is provided in the MCR, CRS offices and.TSC, 1

i

a

,
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Number: 620.29

Question: How was " sufficient instrumentation" identified for the Remote
Shutdown Panel? Describe the human engineering efforts or studies
which contributed to the design of the Remote Shutdown Panel and
the " convenience controls" distributed at equipment locations.

Response: Sufficient instrumentation for the RSP was identified based on a |

function task analysis, as with the main control panels. The '

description of the human factors engineering task analysis for safe
shutdown is described in Section 18.8.1 of CESSAR-DC. In addition,
C-E's extensive experience in designing remote shutdown panels for l
Palo Verde 1, 2 an 3 and other plants was considered. Sections 7.4 |
and 7.5 of CESSAR DC give full listings of what was determined to
be sufficient instrumentation for the RSP. This list was reviewed
by all engineering disciplines within C-E to assure all system
designer requirements, as well- as operational requirements, were
met. !

Essentially the same design process was followed for the RSP as for
the main control room panel designs. The RSP design is. based on i

the standard Nuplex 80+ indication and control methodologies
(CESSAR DC. Section 18.7.1) and HF design criteria (Section
18.7.2). Special needs which differentiate the RSP from MCR panels
are described in Section 18.8.1.2 4.

As indicated in Section 18.8 of CESSAR-DC, cold shutdown is
achievable .from the RSP without the need for local etluipment
controls. However, local convenience controls are maintained toj
the same degree as in existing plants. Appropriate human factors;

! criteria are applied to the design of local controls.

t
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humber: 620.30

Question: Describe the human engineering test and evaluation methodologies
that have been, or will be, used. How does the human engineering
test and evaluation program fold into the System 80+ verification
and validation program?

Response: The human factors test and evaluation methodologies can be divided
into three phases; those occurring before the start of the
Nuplex 80+ design, those occurring during the design certification
process and those that will occur after certification.

Prior to the initiation of the Nuplex 80+ design effort much of the
advanced technology used in the Nuplex 80+ man machine interface
had been tested. Critical Function Monitoring System (CFMS)
designs are operating in numerous plants as an SPDS and have been
evaluated as part of the DCRDR process. In addition to CFHS plant
operating experience, a human factors validation )rogram was
performed by the OECD Halden Reactor Project on tle CFMS design.
The extension of the critical function approach to success path
monitoring (SPM) was also validated at Halden. This validation
demonstrated improved performance for operators using SPM compared
to control operators without it. Similarly, af ter development of
IPS0, but before installation at the Borselle plant, the design was
evaluated by Halden with favorable results. Halden reports exist
for all of these evaluations and the most significant ones are
included as part of the Nuplex 80+ reference design documents.

Another significant group of evaluations conducted prior to the
Nuplex 80+ program occurred as part of the Nuplex 80 ACC
development program. This included configuration studies for which
the Nuplex 80+ master control consolo is based and many studies
related to CRT display of information and the benefits of hardwired
annunciators. The Nuplex 80 studies included a significant amount
of interaction w;th plant operators and use of a complete control
room dynamic mock-up. The pre-Nuplex 80+ evaluations, tests and
experience are shown on Figure 18.4-S of CESSAR-DC,

During the Nuplex 80+ design process for certification, test and
evaluations have included the functional task analysis and
corresponding workload analysis, and the verification analysis.
The functional task analysis and workload analysis are documented
fully in the Functional Task Analysis Report, NPX80-IC-DP-790-02*,
of the Nuplex 80+ reference design documents (also see Question

*This document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.

I

._ _ _ _ _ . _ - - _ _ . _ _ _ _ _ - _
-'



. _ _

DLH179/-40

620.24). The availability analysis of the verification process
assured availability of required instrumentation and controls with
appropriate characteristics. The methodology and results of the
analysis are described in the verification analysis report
NPX80-IC-TE-790-Ol* in the reference design documentation. The ';

suitability analysis evaluated the usability of each of the MMI
devices and, on a panel basis, the ensemble as a whole using the
RCS panel and IPS0 prototypes. This is also documented in the
verification analysis report. Other tests and evaluations were
related to product evaluations (e.g., flat panel displays) and
specific man-machine interface conventions. The analyses and
evaluations performed during certification are shown in Figure
18.4.1 of CESSAR-DC.

Subsequent to design certification a main control room mockup will
be completed with dynamic MMI components at selected panel
sections, This complete, partially dynamic mockup facility will be
used to conduct a HFE validation program using operators and
representative operating procedures. This is described in Section
18.9 of CESSAR-DC. Before Nuplex 80+ is delivered to a plant, a
factory integration test of all systems, including a complete set
of hardware, will be performed. This will include additional human
factors validation activities. The Nuplex 80+ design process,
includina evaluations and tests, is shown in Figure 620.30-1.

This appraach to Nuplex 80+ verification and validation activities
was selected because of the evolutionary nature of the Nuplex 80+
design. For conventional power plants, a static mock-up of the
main control panels, combined with detailed factory testing of

| equipment has been used for validation of nuclear plant
! instrumentation and controls.

For an advanced control complex design, more detailed integration
of the static mock-up and dynamic factory acceptance testing is-
desired. The dynamic mock-up approach is acceptable for the
support of Nuplex 80+ verification and validation activities
because the design of key man-machine interfaces have not changed
radically from conventional designs. All time critical parameters
.and alarms are provided on discrete indicators and alarm tiles

| which closely resemble conventional meters and alarms. Primarily a
! different computer-based hardware implementation is used.

Important component controls are essentially identical to those

I

*This document is considered proprietary to Combustion Engineering,
L Inc. Access to this document will be provided to facilitate NRC

staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a 'uture amendment.

. - - _ - _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __ _ _ _



_ ._ _ _ , . ..
,

DLH179/-41-

used on System 80 designs. Based on C-E evaluations-and review by
. independent engineers and operators, these small changes to
indications and controls are not expected to induce any new 1

potential for operator error.

The integration of CRTs and soft. controllers into the interface can. !
effectively be evaluated on selected dynamic panel sections with
little benefit obtained by implementing-them dynamically-in the i
entire control room. All Nuplex 80+ MMI devices, including touch !

screens, are used in existing nuclear power plants. Nuplex 80+ |
)anel layouts _ follow conventiona' designs (i.e., by system from !

leat source to heat sink, with auxiliary panels also arranged by I

system).- The design is based on existing procedures and crew |
operating methods with no intent to change. Thus, a full scope i

simulator is not used for verification and validation of the Nuplex -||80+ main control room, as.it might be if the design was radically ,

different from conventional designs.- ;

The human factors verification and validation activities are part I
of the overall Nuplex 80+ verification and validation program plan.
The remainder of the test and evaluation program as described above |.

is not part of the Nuplex 80+ V&V program.

.
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Number: 620.31

Question: The System 80+ control room design currently includes several types
of control and display instrumentation. Some of it is new to
control room applications, some is not. This paragraph states,
"The man-machine interface is based on accepted human engineering-
methods, principles and criteria such as those presented in
NUREG-0700." Identify the principal human engineering source
documents used in the development of the man machine interfaces,
such as:-

| a. Identify which elements of the man nachine interface were
developed based on existing human engineering documentation.
Identify the documentation,

b. Identify which elements of the man-machine interface required
| the develo) ment of additional human engineering guidance,
i Identify _ t.1e guidance,

c. Describe the means C-E will use to ensure (1) that the
man-machine interface aspects of the new technology will be
compatible with that of the established technologies, (2) that
the-new man-machine interfaces will meet the requirements of
the tasks, as defined by the human engineering studies, and
(3) that the differences as well as the similarities among the
man-machine interface devices enhance operator and maintainer
performance. -|

[ Response: a. Most of the Nuplex 80+ man-machine interface elements were
t developed based on existing principles and criteria. This was
L possible because-elements-were either similar to conventional

control room technology or an evolution from conventional
technology. Man-machine elements for which criteria exist
include IPSO, flat panel displays used for alarm tiles,
discrete . indicators and controls, CRTs and switches. The
source documents used for criteria for these interfaces are,

provided in Table 020.31-1.

b, The only element of the. man machine interface which required-
'

additional human engineering guidance was the use of touch
screen interfaces for the CRTs, flat panel displays and-

- controls. The existing guidance used to dosign touch' access
were for target size, target separation, response time, input

- duration, input sequence, and feedback. Two other criteria
| were developed for implementation of Nuplex 80+ touch screen
' interfaces:-

1. Actuation occurs upon removal of touch from the screen
not engagement. This allows the operator the ability to
correct any incorrect selections that may have occurred
before actuation.

_ _ _ _ . _ _
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2. Touch targets are identifiable from other display
elements. -Systematic target conventions and spatial-
dedication of the targets allow the operator to clearly ,

identify which targets are selectable and which are not,

c. 1. The Nuplex 80f design uses consistent and compatible .

interfaces and conventions throughout the interface.-
Technologies for implementing the interface were selected
to support compatibility. A good example of Nuplex 80+
interface compatibility is provided by CRT displays and
other MMI devices in the MCR. Red and green color
conventions are used identically on conventional switches
and dynamic CRT displays. Similarly, _ a standard set of
graphic symbology is used between CRTs, switches-and
controller displays. The yellow alann color is.used on-
CRTs to ensure compatible with the monochromatic ELDS
used for spatially dedicated alarms.

The suitability. analysis of the Nuplex-80+ verification
process evaluated the compatibility of the different

,

technologies used in the man-machine interface.- As i

identified in Part b,- there was. only. one ap)lication of i
L new technology in the Nuplex 80+ MMI with tie other ,

'devices being used previously in control room
applications.. Compatibility will be validated during:the

jNuplex 80+ validation -activities, as described in the L
response-to Question 620.30.

2. The availability analysis of the Nuplex 80+ verification ,

analysis specifically evaluated whether task performance
requirements were met by the; interface devices.
Documentation is provided.in the reference design-
documentation in NPX80-IC-TE790-Ol*. -

3_ 'Nuplex 80+ is designed to provide-an acceptable interface
L for operators and maintainers ~ :To facilitate this the-

design uses to its-advantage:the similarities and=

differences in the MMIt technologies employed.- For
example, similarities in technologies allow consistent

| coding conventions to:be employed across all-interface
h - devices. S)ecifically, alarms presented on DIAS alarm -
L tiles ~and t1 rough the CRTs use the'same~f1 ash ratesiandt
g shape codes for_ priority. However, the differences in
L

i

*This document is considered proprietary to Combustion Engineering,
Inc. -Access to this document will be provided to facilitate NRC
staff review of CESSAR-DC. Information from this document-
determined to be necessary to support the staff's safety finding.
will be placed in'CESSAR-DC-in a future amendment.

.
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these technologies is also used. For example, spatially
dedicated displays -use the monochromatic ELDS to present
key information simply without color codes. Color
graphics CRTs are used to present very detailed
information with more extensive coding allowed by color.

.The technologies used in the interface are all employed -
in existing nuclear plant control rooms, though Nuplex
80+ extends the use of these technologies. Similar
combinations of_different technologies have been made in
other industries, including fossil power plants.

The suitability analysis has evaluated the acceptability
of the interface, including the similarities and
differences between technologies. Because of the
standardized interface approach across panels and the use
of only two display technologies (CRTs and ELDS), in
place of many display technologies in conventional
control rooms, maintainer and operator performance will
be'significantly improved, in order to minimize the
detrimental effects of standardized designs such as
making _ interpretation of control and display
relationshi)s difficult, Nuplex 80+ uses a hierarchical
labeling scieme, lines of demarcation, functional or-
system mimic groupings and system-related panel
orientation.' This supports familiarly with a component's
operation (e.g., a switch or ELD device) while putting it

_

on the context of system operation.

__
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Table 620,31-1.

Sources of Human Factors Criteria Used for Nuolex 80&

|

1. MIL-STD-14720, '' Department of Defense Human Engineering Design Criteria,*

-1989
i

2. D00-HDBK-761A, "D00 Management-Information Systems Guidelines," 1987
c.

3. ESD-TR86-278, " User-System Interface Software' Guidelines," Smith and.

Mosier, 1986 |

4- ANSI /HFS-100,-" ANSI VDT Workstation Standard," 1988.
,

..

5. " User-Computer Interface in-Process Control: A Human Factors Engineering
Handbock," Gilmore, et al,1989

,

.6.- NASA STD-3000,!" NASA Man-Systems Integration Standards,"'1989

| .

t
j| 7. NASA-USE-100, Ver. 2.1, " NASA Space Station Freedom Program Human

.

L Computer Interface," 1989 i

8. .EPRI.NP-36'59, " Human Factors Guide forLNuclear Power Plant Control Room 4

Development, 1984 -

-

L
,,

9. LEPRI'NP-4350, " Human factors Engineering Design Guidelines for

1.; .Mai.ntainability," 1985-

p 10 . NUREG/CR-3517, " Recommendations to NRC on Human' Engineering Guidelines-

'for Nuclear Power Plant Maintainability," 1986

Lll. NUREG-0700, =" Guidelines for Control: Room Design Reviews," 1981-

E
l

L
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Number:- 620.32

Question: In the context of being presented as a design basis for Nuplex 80+
this paragraph states, "The number of physical display devices and
the quhntity of data presented to the operator is reduced compared
to control rooms for existing plants."

Provide the human engineering studies C-E has done to determine the
benefits and drawbacks of reducing the number of display devices
and quantity of data presented to the operator. Include
specifically the studies which determined the optimal levels of
reduction of. display devices and data. Include the results of
human engineering studies which were used to support the quantity
of data presented to the o)erator, any consolidation of ;

instrumentation, and any c1anges in the modes of displaying data to '

the operator in the Nuplex 80+ control room.

Response: The intent of this design basis statement was to partially address
the stimulus overload concern. This issue was discussed in the
response to Question 620.22 as it relates to increasing the
operator's information processing burden. By reducing the number l

of physical displays in an appropriate manner, the information !
irequired for task performance is presented to the operatur without

all the clutter added by presenting all available data. The need
to reduce stimulus overload and, hence, the number physical devices
and amount of data provided to operators, has been documented in
various industry sources. This includes the EPRI ALWR-URD,
industry reports (e.g., NUREG 3448 for alarms), and papers (many
identifying this concern as a result of THI).

Qualitative analyses were performed to evaluate the benefits and
drawbacks of reducing the number of )hysical display devices. An
assessment was made based on using tie cambination of serially
presented information (via CRTs) and spatially dedicated
information (on flat- panel-discrete indicators and alarn tiles) to
determine an acceptable combination. All data is accessible at any

,

panel through-the CRT's serial presentation of information. Thus,
the focus of the assessment was on how much spatially dedicated
data should be presented in a parallel manner. The result-of the
assessment led to spatial dm;ation of Priority 1 and 2 alarms and
key parameters on discrete indicators and IPSO, Key parameters for
discrete. indicators were defined as frequently monitored
parameters, parameters most indicative of critical safety' function
and success path status, Regulatory Guide 1.97 Category 1-

. parameters and parameters required for investment protection or
~

*

continued operation without the DPS. The. design was then evaluated
through the availability and suitability analyses of the
verification to assure that an acceptable amount of spatially
dedicated data was presented. No quantitative studies were

. performed to determine optimal levels of reduction, since optimal
can 'only be determined if all possible transients and events are
known.

_ __ __ _ . _ _ _
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The modes of displaying data in the Nuplex 80+ control room do not
change. The interface has been designed to function the same for
normal )ower operations, startup/ shutdown or emergencies. This
approac1 specifically includes the use of critical functions for
both power and safety and the integration of PAMI displays into a
functional panel location via the qualified discrete indicators and
CRTs.

.

_ _ _ _ _ - . _ . _ - - _ _ _ _ - _
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' Number: 620.34

Question: What studies did C-E perform to determine the amount and type of
" operator information overload?" Provide the quantitative and
qualitative results of the investigations.

Describe the baseline control room in which the studies were ;

performed and the parameters that were measured or assessed. Were I
the studies replicated on the C-E System 80+ control room design?
What thresholds were established for acceptable and unacceptabla
levels of operator cognitive loading? How does the System 80+ |

control room design specifically address each of the parameters
assessed by the-studies?

Response: The " operator information overload" issue is the same basic concern '

as addressed in Question 620.22 related to information processing
and Question 620.32 related to the number of physical displays. As
discussed in those responses, the identified concern is to reduce
-stimulus overload in a control room. As explained in other
responses, the need for reducing operator information overload was
identified through industry sources as well as qualitative studies
performed for Nuplex 80+,

Qualitative analyses identified the amounts and types of
information overload in conventional nuclear plant enntrol rooms.
Primary areas identified were information overload from the alarm
system after a reactor trip and overload of information from
multi-channel indicators of the same process parameter.

The System 80+ control room addresses operator cognitive overload
by validating process signals prior to display or alarm, grouping
alarms into a relatively small number of alarm tiles, and-
eliminating Priority 3 alarms and operu or aids (e.g., permissives
which were previously alarms in n'any existing control rooms) from
spatially dedicated displays. Additional reduction in information

-overload is provided by reducing the number of alarm actuations
.

'

during transient events. This is provided in Nuplex 80+ by
validating signals before generating alarms and mode and equipment
status dependent logic. The design also provides operator aids
such.as critical function monitoring (to support normal operation
and emergency procedure response), success path monitoring (to aid
in identifying and restoring success path problems)'and IPS0 (which
provides a plant overview for operators). Each of these advanced
features performs a function automatically and continuously' that

'otherwise:would have to be performed by operators. For example,
IPS0 takes several thousand plant parameters and reduces them to'a
few easily _understoort-process representation symbols.

Quantitative studies were performed comparing the-numbers of alarm'
tiles and indicators for conventional control rooms and Nuplex 80s
Results from the studies have shown a 60% reduction in alarm-tiles
and~an 80% reduction in_the number of spatially dedicated displays

!

- - . . . ~_. - _ - _ -, . - . .
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.

for Huplex-80+' compared to' conventional units. Cognitive loadin
levels were analyzed as part of the task analysis for-specific g

>

events, as discussed in the response'to Question 620,24. This
,

analysis is documented in Section 18,5 and the task analysis-report '

.Lin the reference design documents. Acceptable levels _ of loading-
*

were based on determining cumulative processing times for tasks
performed during-an event and identifying situations of operator
overload based on cognitive loading. ' - -
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l

~ Number: 620.35

Question: This paragraph states, "The effectiveness of modern man machine ;

interface devices will be demonstrated through the use_of
prototypes and HFE evaluations." Does this refer to demonstrating
the software and hardware attributes of the instrumentation? Or
does it refer to human factors and human per.formance evaluations of 4

(1) the device (as a_ stand alone instrument) and (2) in the context
of the System 80+ control room environment. When in the design
process are the HFE evaluations scheduled to occur? Describe in
detail the HFE evaluations that will be performed. Provide a basis
for the criteria that will be used to determine a device's
effectiveness (as a stand-alone instrument) from the human
performance perspecti_ve. Also provide the assessment methodology
that will be used to determine the suitability of a device for
incorporation into the System 80+ control room design.

Response: This statement refers to both demonstrating hardware and software
attributes and the suitability of the interface from a human
factors perspective. The Nuplex 80+ design process has already and
will continue to do hardware attribute evaluations usi_ng
prototypes. This has included seismic evaluations of equipment to-
demonstrate the ability to qualify equipment for safety-related
applications and hardware configuration studies on prototypes to
assure adequate throughput. Software studies have prototyped
software implementations using ladder logic programming in
programmable logic controllers and software required for data
processing features such as success path monitoring, alarm
processing and signal validation.

.The man-machine interface devices have also been evaluated from a
human performance perspective as part of the verification analysis
documented in the reference design documentation and discussed in-
theiresponse to Question'620.30. The suitability _ analysis
evaluated both the man machine interface' devices as stand-alone
devices and .in the context of the ensemble of Nuplex 80+-interface

-devices.

HFE evaluations are scheduled' throughout the Nuplex 80+ design
process. The design process and scheduling of HFE evaluations were
discussed in the. response to Question 620.30, as was the ty)e of-
HFE evalutions performed. The criteria used to evaluate tie
man-machina interfaces were developed from the list of references
provided.in the verification analysis and in the response to-
Question 620.31. Individual bases for specific criteria can be-
found in these references. Similarly, the assessment methodology __
for the suitability analysis is provided in the verification

:

a -- n _ _ . . . _ . _ . . _ _ . _ _ . . _ . , . _ , _ _ . _ . _ _ _ _ . . . _ _ . _ _ _ _ _ _ _ - . - . _ . _ , . . - . _ ,
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analysis report in the reference design documents (NPX80 IC-TE-
7900l*). The eventual determination of- a device's suitability was
determined not only from the human factors acceptability,
determined in the suitability analysis, but also by other tests and
prototype evaluations such as the seismic analysis. A good example
of this: process is provided in the response to Question 620.2 for

Ldetermining the acceptability of flat panel displays.

*This document is considered proprietary to combustion. Engineering,
Inc. Access to this document will be provided to facilitate NRC |

staff review of CESSAR DC. Information-from this document
determined to be necessary to support the staff's safety finding

-will be placed in CESSAR-DC in a future amendment.
.
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Humber: 620.35

Question: This paragraph states, "Under degraded conditions, operators will
continue to have access to all required information. Equipment
failures impacting automated data process and presentation features
are accommodated by increased operator surveillance "

What constitutes a degraded condition? Is it the loss of one
computer driven display, one electrical bus (potentially affecting
many instruments) or all digitally driven equipment?

How does increased surveillance on the part of the operator
compensate for the loss of technical data? Are the data and the
synthesized information normally available through the computer
database available from other sources? Where will the alternate
sources of information be located? I

From the human performance perspective, how will " increased
surveillance" compensate for loss of the computer? Will operators
be required to perform calculations, adjustments, or operations
(manual, cognitive, decision-making, etc.) that would normally be
done by the computer? Describe the impact on operator and crew
performance in the control room, at the Technical Support Center '

and at the Emergency Operations facility.

Response: A degraded condition referred to in this paragraph is constituted
by credible equipment failures, including failure of processors,
data communications or a display device itself. The worst case
degradations assumed are total loss of DIAS-N or DIAS-P or DPS
failure. These worst case conditions encompass loss of an
electrical bus. Loss of all digitally driven equipment is not a
credible failure and is therefore not considered in the design.
This position is acceptable because digital electrical equipment is
protected against EMI and the diverse designs used in man-machine
interface systems preclude other undefined common mode failures,
including software failures, from rendering both diverse designs
simultaneously inoperable.

Figure 7.5-1 of CESSAR-DC illustrates the architecture of the
Nuplex 80& monitoring systems. The following credible failures
were considered as degraded conditions: failure of the entire DPS
system and, thus, all CRT displays, failure of DIAS-P channel or
failure of DIAS-N. Each of these cases will be discussed
individually.

The worst case degraded condition from an information access
perspective is complete failure of the DPS. This is a highly
unlikely event, since the DPS is a redundant system with a
calculated and demonstrated availability of greater than 99.98%
with an MTTR of less than 4 hours. To address this failure, the
DIAS has-been designed to provide operators with all information
required to continue operation for 24 hours. increased
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surveillance is not required to compensate for loss of technical
data but rather to accomplish technical specification monitoring
and to support information access that is normally enhanced by the
DPS and panel CRTs. All functions of the DPS can be performed
manually, with addit 19nal staff, without the DPS. For example, the
Core Operating Limit Supervisory System (COLSS) DPS function which
provides core surveillance will have to be performed by an
operator. This increased operator surveillance will compensate for
not having computer processing to accomplish the function. All
required data for this function is available to the operator on
DIAS or other displays from the control and protection systems.

Synthesized information from critical function monitoring (CFM) and
success path monitoring will also not be available upon complete
DPS failure. Since these functions have been designed to support
procedures, not replace them in Nuplex 80+, these functions can be
performed manually by additional operating staff. For example, the
CFM function of performing safety function status checks, normally
done by the DPS automatically, can be performed by an STA. This is
currently the practice at conventional plants. The alternate
source of data will be the DIAS displays, which are located on each
panel as part of the primary man-machine interface. Additional
information will be provided by operator's modules (CCS and PPS)
and switch indicators for component status which are also part of
the primary integrated interface.

The impact of DPS failure on the TSC and EOF will be the same as
for existing plants. No CRT data would be available in either
location and, hence, plant status would not be available via CRT.
This situation would be partial (v compensated for in the Nuplex 80+
TSC design by visibility into the MCR. The viewing window includes
a view of IPS0 which will continue to be driven by DIAS to provide
an overview of plant status. The viewing window also enhances
communication with control room operators.

The other credible failures relate to loss of DIAS Channels P or N
(see Figure 7.5-1). DIAS P is an independent channel segment of
the system which provides one redundant method of monitoring all
Regulatory Guide 1.97 Category 1 parameters, including ICCM
parameters. Its primary MMI is two flat panel displays of these
parameters on the safety monitoring panel. If this channel is lost
(though it too has redundant communication and processing),
Regulatory Guide 1.97 parameters are still available to operators.
Parameter indications are on DIAS N displays dispersed at
appropriate functional panel locations throughout the MCR and
through any CRT at any panel. This degraded condition will have no
functional impact on operations in either the MCR or TSC; however,
a technical specification LCO is anticipated to limit the time
DIAS-P can be unavailable, since both DIAS-N and P are required to
meet the required level of redundancy for qualified systems.

.___ _ _ _ _
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Failure of the DIAS N channel-is the other credible degraded
condition, though all DIAS N segments have redundant processors and
communication. DIAS N failure would render inoperable all
spatially dedicated indicators and alarms on the panels. No
information would be lost, because all information processing,
including signal validation, would still be available through the
DPS. - Operators would use the DPS for alarm acknowledgement and
plant status monitoring as is normally the case, but without the
support of spatially dedicated information. IPS0 would be
unaffected. Little additional surveillance would be required and
impact:on the operating crew would be significantly less than in
the failure of DPS case. This degraded condition has no impact on
operations in the_TSC.

Operability of accident monitoring instrumentation is covered by a
technical specification limiting condition for operation in
System 80&. This failure of either DIAS-N or DIAS P will result in
a technical specification action statement to restore the segment
within seven days because both DIAS-N and DIAS P are required to
meet the level of redundancy required for qualified systems.
Because of the length of the time for action this will not
significantly impact daily operations.

Other degraded conditions, such as loss of individual display
devices (e.g., CRT- or ELDS), loss of any electrical buss, loss of a
control device or-failure of individual processors (DIAS segments
or DPS) are all bounded in terms of impact on the operating crew by
the above cases..

In summary, for the worst-case degraded condition, failure of the
DPS, increased surveillance will be required to monitor continued
compliance with technical. specifications. All required data is
Lavailable'on other MCR devices- Some additional calculations and
decision-making operations will be required by operators which is
expected to be handled by additional crew members in the
controlling workspace. .No impact on controls, e.g., additional
adjustments or manual operations,-is expected. The primary impact-
on-crew performance will be additional-coordination requirements
because of the additional surveillance and potential for manual !

information processing such as critical function monitoring.
Coordination will be _the responsibility of the CRS.
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Number: 620.36-

Question: This paragraph states that, "A' standard set of display and access
conventions is applied consistently for all information
presentation methods." . Provide the human engineering document that
identifies and discusses the standardized display and access
conventions for all the information presentation methods. Do'the
standards appy to vendor supplied equipment and "off the shelf"
hardware and/or software?

Response: The display and access conventions for Nuplex 80+ are provided in
the'NPX80-IC-SD710 Ol*, Rev. O, document in the Nuplex 80+ -

reference design documents which are available in the C-E
Rockville, MD office.. This document is currently being updated to
incorporate -all design changes that have been made as part of the -
design process-(e.g., resulting from the verification analysis).

Off the shelf hardware and software used in Nuplex 80+ is
"configured to meet the conventions of this document. Vendor

supplied equipment in the MCR will be limited to the
turbine / generator control system. It is the intent that this

- equipment conform to the Nu) lex 80+ conventions. If this-is not.-
possible, C-E will ensure taat no conflicts exist between that

i

design and standard conventions which could potentially lead to ;

lsignificant human errors - It is also the intent that
vendor-supplied equipment outside the MCR conform to the Nuplex 80+

-conventions. Again, if this is not possible, C-E will ensure that
no conflicts exist which could potentially lead to significant
human errors.

*This document is considered proprietary to Combustion Engineering,- I
Inc. Access to this document will.be provided to facilitate NRC '

staff review of CESSAR-DC. Information from this document
determined to be necessary to support _the staff's safety finding
will be placed-in CESSAR-DC in a future amendment.
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Number:- 620.37

Question: This paragraph states that, " Critical functions established for
both safety and power production serve as a primary basis for'
information and alarm presentation." What is the definition of the
term " critical function?" How were * critical functions"
identified? Was a critical task analysis performed on critical
operator and maintainer tasks in the control room and to what level
of detail were the critical task analyses performed? If a critical
task analysis was not performed, explain why. How were the
contributions of the human engineering task analysis and the
critical task analysis integrated into the development of
information and ala , presentations?

Response: A critical function n, one of a minimum set of functions required
to be controlled to keep the plant either in a safe, stable
condition (critical safety functions) or producing power (critical i
power production functions). The critical functions approach to
monitoring the safety of a plant is required by NUREG 0696 and
NUREG-0737, Supplement 1. These documents identified a minimum set
of critical safety functions. C-E, in development of the critical
function monitoring system as an SPDS, has identified additional
critical functions for safety. Power production functions were
identified as .part of the Nuplex 80+ design process. Some of the
initial concepts relating to power production functions were
developed in the EPRI-01sturbance Analysis and Surveillance System
Program-(EPRINP-1684-andEPRINP-3595). The critical function
approach for Nuplex 80+ is described in NPX80-IC-SD790-02* which is
found in the Nuplex 80+ Reference Design Documentation *,

1

No critical task analysis was performed as part of the Nuplex 80+
design process. This was not necessary because all tasks required
of operators could be performed by the assumed staffing levels in>

the times required using the Nuplex-80+ HMI design. This was
confirmed'in the event time sequences- developed as part of _the -
functional- task analysis. Historically in the nuclear industry,

L responses of operators even-during emergencies are not time
critical because of the slow response time of a nuclear plant's
process system. It has -long been _a nuclear industry design
philosophy _ to automate time critical- responses related to safety.

L The basis of:the plant's safety analysis is that no operator
actions are required for 30 minutes to maintain-safety during anyr

L . design basis event.

*This. document is considered proprietary to Combustion Engineering,
Inc. Access to this document will be provided to facilitate NRC-
staff review of CESSAR-DC. Information from this document
determined to be necessary to support the staff's safety finding
will be placed in CESSAR-DC in a future amendment.
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A description of how the functional task analysis data was
incorporated into the design is provided in the response to
Question 620.16,

!
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Number: 620.38

Question: This paragraph says, " Operating staff targets for Nuplex 80+ were
established to accommodate a variety of staffing assignments during
both normal and emergency operations." How many extra people are
ex'pected to be in the control room and the Technical Support Center
during an emergency? Provide the analysis that identifies and
describes the duties, responsibilities, and capabilities of the
additional personnel and the space, equipment, and information they
will require. Describe how the current configurations of the
control room and Technical Support center meet the requirements and
support the duties to be performed.

Response: A discussion of the number of operating staff members erpected to
be in the control room during emergencies was provided in the
response to Question 620.25. The duties, responsibilities and
information required for additional control room staff and the
Nuplex 80+ design which accommodates them is again addressed in the
response to Question 620.25. Duties expected to be performed in
the TSC are documented in NUREG 0737 and the EPRI ALWR-URD.

The number of people expected in the TSC is highly variable, but
NRC regulations require that it be designed for 25 people
(NUREG-0737). The Nuplex 80+ TSC is designed with adequate space,
information through the DPS CRTs, personnel access and
communication to meet the regulatory requirements. The Nuplex 80+
TSC is described in CESSAL-DC, Section 13.3.3.1. No additional
design requirements beyond the ALWR URD have been imposed on the
TSC.

1
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