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SAFETY EVALUATION REPORT

FOR

DIABLO CANYON'S SAFETY PARAMETER DISPLAY SYSTEM

I. INTRODUCTION

All holders of operating licenses issued by the Nuclear Regulatory Commission

(licensees) and applicants for an operation license (OL) must provide a

Safety Parameter Display System (SPDS) in the control room of their plant.

The Commission approved requirements for the SPDS are defined in Supplement 1

to NUREG-0737.

The purpose of the SPDS is to provide a concise display of critical plant

variables to control room operators to aid them in rapidly and rel iably

determining the safety status of the plant. NURE6-0737, Supplement 1,

requires licensees and applicants to prepare a written safety analysis

describing the basis on which the selected parameters are sufficient to

assess the safety status of each identified function for a wide range of

events, which 'include symptoms of severe accidents. Licensees and applicants

shall also prepare an implementation plan for the SPDS which contains

schedules for design, development, installation, and full operation of the

SPDS as we11 as a design verification and validation plan. The safety

analysis and the implementation plan are to be submitted to the NRC for staff

review. The results of the staff's review are to be published in a Safety

Evaluation Report (SER).

Prompt implementation of the SPDS in operating reactors is a design goal of

primary importance. The review of the human factors design of the SPDS for
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operating reactors called for in NUREG-0737, Supplement 1 is designed to avoid

delays resulting from the time required for NRC staff review. The NRC staff

will not review operating reactor SPDS designs for compliance with the

requirements of Supplement 1 of NUREG-0737 prior to implementation unless a

pre-implementation review has been specifically requested by licensees. The

licensee's safety analysis and SPDS implementation plan will be reviewed by

the NRC staff only to determine if a serious safety question is posed by the

proposed system or if the analysis is seriously inadequate. The NRC staff

review to accomplish this will be directed at (a) confirming the adequacy of

the parameters selected to be displayed to detect critical safety functions,

(b) confirming that means are provided tonsure that the data displayed are

valid, and (c) confirming that the licensee has committed to a human factors

program to ensure that the displayed information can be readily perceived and

comprehended so as not to mislead the operator. If based on this review, the

staff identifies a serious safety question or seriously inadequate analysis,

the Director of IE or the Director of NRR may request or direct the licensee

to cease implementation.

By letter dated August 2, 1983 (Reference I), the Pacific Gas and Electric

Company submitted a Safety Analysis Report dealing with the Safety Parameter

Display System (SPDS) for Diablo Canyon Units 1 and 2. This submittal is in

partial response to NRC Generic Letter No. 82-33 (Reference 2). Diablo

Canyon Units 1 and 2 are Westinghouse 4-Loop Reactors. This safety
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evaluation discusses the staff's review of Pacific Gas and Electric Company's

Safety Analysis Report.

II. SUMMARY

The staff has reviewed the Diablo Canyon SPDS and concludes that it is

acceptable for the licensee to continue implementing its SPDS program.

However, the staff requests that additional process parameters be considered

for addition to the display and that several potential human engineering

discrepancies should be assessed for significance and need for correction

prior to full implementation of the SPDS. Also, for a confirmatory review,

the staff needs additional information concerning the adequacy of isolation

devices between the SPDS and safety systems. The -details of the staff's

review are provided in the following evaluation.

III. EVALUATION

A. SPDS Qescri tion

The applicant's Safety Parameter Display Safety Analysis (Reference 1)

contains information on its design, display and parameter selection,

operation, verification and related human factors. The SPDS is described as

a computer based system consisting of a data acquisition system, two master

receivers, two data-handler computers, and two video generators all located

in the Technical Support Center (TSC). There are two color video monitors

located in both the control room and the TSC. The two separate channels of

hardw r" are used in the design to achieve a high reliability for the display

system.





The SPDS utilizes a single display format to present data to the operator.

The display format contains several plant parameters presented in bar chart

type display elements. In addition to the SPDS display format, sixteen

additional display formats consisting of reactor coolant system, secondary

mimics and decision trees are available to the operator. These additional

display formats were not described in the Safety Analysis Report and are not

part of the SPDS but should be reviewed by the licensee during his Detailed

Control Room Design Review.

B. Parameter Selection

Section 4. 1(f) of Supplement i to HUREG-07~states that:

"The minimum information to be provided shall be sufficient, to provide

information to plant operators about:

Reactivity Control

(ii) Reactor core cooling and heat removal from the primary system

(iii) Reactor coolant system integrity

(iv) Radioactivity control

(v) Containment conditions.."
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For review purposes, these five items have been designated as Critical Safety

Functions.

In the evaluation of the SPDS parameters and in our recommendations, we have

considered the Westinghouse Owners'roup, "Westinghouse Emergency Response

Guidelines (ERG) Program," which was reviewed and approved by the staff

(Reference 3), as a principal technical source of parameters important to

operational safety. The SPDS parameters selected by the licensee and their

coordination with the Critical Safety Functions are summarized in the

enclosed Table 1 (grouping made by licensee).

While we find that the parameters selected do comprise a generally

comprehensive list, we note that the following parameters are not proposed

for the Diablo Canyon SPDS:

1. Steam Generator (or Steamline) Pressure

2. Hot Leg Temperature

3. RHR Flow Rate

4. Containment Sump Level

5. Containment Hydrogen Concentration.
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The first three parameters provide significant information for the "Core

ICooling and Heat Removal" critical safety function. Steam generator pressure

is an indicator of secondary system integrity (heat removal). It is also

used in the guidelines to determine the viability of natural circulation as a

heat removal mode. Hot leg temperature is also a key indicator in the

guidelines to determine the viability of natural circulation heat removal.

During RHR and ECCS modes of cooling, when steam generators are not being

used, RHR flow is a key indicator to monitor the viability of the heat

removal system. As a key indicator to identify a LOCA-type breach of RCS

integrity, particularly small leaks, containment sump level provides

significant information for the "RCS Inte~ity" critical safety function.

Containment hydrogen concentration is a key parameter used in the guidelines

to monitor combustible gas control and to indicate a compromise of the

"Containment Conditions" safety function.

The above parameters do, for given scenarios, provide unique inputs to

determinations of status for their respective critical safety functions,

which have not been discussed by the applicant as being satisfied by other

parameters in the proposed Diablo Canyon SPOS list. We request that the

licensee consider these parameters for addition to the Diablo Caryon SPDS, or

( I) provide alternate added parameters along with justifications that these

alternates accomplish the same safety functions for all scenarios, or (2)

provide justification that parameters currentlv on the Diablo Can„ on SPOS do

in fact accomplish the same safety functions for all scenarios.
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'l<e noted in our review that the ERGs are not specifically identified as a

document considered by the licensee for selection of the parameters. Since

an important goal of a display system is coordination with the ERGs as

defined in NUREG-0737, Supplement I, and since plant-specific guidelines

could also influence the selection of SPDS parameters, the licensee's

submittal should be expanded to address these areas. Based on this review of

the licensee's supporting analyses, and our observations thai the selected

parameters appear to be consistent with the Westinghouse Owners'roup ERGs,

we find the proposed list of key parameters to be acceptable, with exceptions

noted above.

C. Dis la Data Validation

The staff reviewed the licensee's SAR (Reference 1) to determine that means

are provided in the display's design to assure that the data displayed are

valid. The SAR states that data validation within the SPDS consists of an

accuracy check between/among common sensors. If the maximum minus the

minimum exceeds a predefined range, the parameter is designated as out of

to',erance. The out of tolerance parameter is indicated on the video monitor

with the display of a "'?." Based on the information presented in'the SAR,

the staff confirms that means are provided in the SPDS design to assure that

the data displayed are valid.

D. Human Factors Pro ram

The staff reviewed Pacific Gas and Electric's SAR for SPDS design features

indicative of a commitment to a human factors program to ensure that the





displayed information can be readily perceived and comprehended so as not to

mislead the operator. Our review was hampered by the lack of detail on the

design, but we did find both good and bad features about the display. The

use of bars as display elements for the parameters should be familiar to

operators as it is similar to the meters and displays on the control board.

Thus, operators should easily associate with the parameters being displayed.

The video monitor uses a 19-inch color cathode ray tube with a refresh rate

of 60 Hz and is non-interlacing. This should minimize display flicker and be

easily read by the operator. Oistinctive color coding is used on the display

to alert control room personnel to an abnormal condition. The color coding
4

is redundant to setpoints which are defin~on the parameter bars. These

features should readily aid the operator in detecting abnormal plant

behavior. Also, the display system was designed so that upon a reactor trip
signal or a safety injection signal, the SPDS display format is automatically

presented on the screen. This saves the operator the task of requesting the

display frame and thus serves as an aid during times of stress.

The staff's review of the display format resulted in several potential human

engineering discrepancies.'e call them potential because we were unable to

fully assess them because of a lack of detai 1 in the SAR. We list our

concerns below, most of which came from our review of Appendix 2 in the SAR:

The unit for rate data is not available on the display.
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It is not apparent that all parameter bars also have rate data. It
is also not apparent what happens when the rate is zero.

It is not apparent how the display indicates a failure of a sensor,

if this is a feature of the design. For example, temperature bars

are scaled to zero. Does an indication of zero indicate a failea

sensor7 Or a failed display(

2ero degrees of s'ubcooled margin is labeled in Figure I but

unlabeled in the illustration in Appendix 2. It should be clearly

labeled.

The containment pressure display bar does not have the zero psig

point labeled. It should be clearly labeled.

The containment isolation phase symbols are unlabeled.

The licensee stated that a human factors review of the display was performed

by the Nuclear Power Generation Division of the Babcock 8 'l<ilcox Company.

The results of the review were documented into a report and excerpts from the

report were presented in the SAR. The excerpts provide evidence that a human

factors review was conducted.
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Based on the review of the material presented in the SAR, the staff concludes

that Pacific Gas and Electric Company did commit to a human factors program

in the design of the SPDS. However, based on the staff's review of the

display format described in the SAR, we found several potential human

engineering discrepancies. Pacific Gas and Electric Company should

thoroughly assess their significance and need for correction prior to full
implementation of the SPDS.

E. Electrical and Electronic Isolation

Adequate information was not provided by the licensee for the staff to

confirm that the SPDS will be suitably isolated from electrical and

electronic interference to equipment and sensors that are used in safety

systems. The staff, however, concludes that it is acceptable for the

licensee to continue implementing its SPDS Program provided:

1. The SPDS safety systems shall be suitable isolated from electrical

or electronic interference to equipment and sensors that are in

use for safety systems.

2. The licensee shall provide the following information to the NRC for

confirmatory review;
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a. For each type of device used to accomplish electrical

isolation at Diablo Canyon describe the specific testing

performed to demonstrate that the device is acceptable for its
application(s). This description should include elementary

diagrams where necessary to indicate the test configurations

and how the maximum credible faults were applied to the

devices.

b. Data to verify that the maximum credible faults applied during

the test were the maximum voltage/current to which the device

could be exposed, and define how the maximum voltage/current

was determined.

c. Data to verify that the maximum credible fault was applied to

the output of the device in the transverse mode (between

, signal and return) and other faults were considered (i.e.,
open and short circuits).

d. Define the pass/fail acceptance criteria for each type of

device.

e. Provide a commitment that the isolation devices comply with the

environmental qualifications ( 10 CFR 50.49) and the seismic

qualifications which were the basis for pl"nt licensing.
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f. Provide a description of the measure taken to protect the

safety systems from electrical interference (i.e.,
Electrostatic Coupling, EHI, Common hlode and Crosstalk) that

may be generated by the SPDS.

LV. CONCLUSION

The NRC staff reviewed the Diablo Canyon SPDS SAR to confirm the adequacy of

the parameters selected to be displayed to detect critical safety functions,

to confirm that means are provided tc assure that the data displayed are

valid, and to confirm that the licensee has committed to a human factors

program to ensure that the displayed infor~ion can be readily perceived and

comprehended so as not to mislead the operator. Based on our review, we

conclude:

The parameter selection for the SPDS is acceptable, however, we

request the addition of five parameters to the display or that

justification be provided why they should be excluded,

the licensee's submittal should be exparded to relate the basis for

selection of the parameters to the Emergency Response Guidelines

(ERGs),

means are provided in the SPDS design to assure that the data

displayed are valid,
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a commitment to a human factors program was made in the design of

the SPDS. However, several potential human engineering

discrepancies exist in the display format illustrated and described

in the SAR. These should be assessed for significance and need for
correction prior to full implementation of the SPDS.

the staff needs additional information on isolation devices from the

licensee to complete our review. The specific information needs are

defined in Section III.E. Electrical and Electronic Isolation, of

this report.

With these review results, the staff concludes that it is acceptable for the

licensee to continue implementing its SPDS Program.
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