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SAFETY EVALUATION REPORT

FOR THE

SHEARON HARRIS UNITS I AND 2

SAFETY PARAMETER DISPLAY SYSTEM

I. INTRODUCTION

All holders of operating licenses issued by the Nuclear Regulatory

Commission (licensees) and applicants for an operating 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 I to NUREG-0737 (Ref.l).

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

reliably determining the safety status of the plant. NUREG-0737,

Supplement I, 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 well 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 from the staff's

review are to be published in a Safety Evaluation Report (SER).
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II. SUMMARY

The staff reviewed Carolina Power 8 Light Company's (CP8L) safety

analysis on the Shearon Harris SPDS. We also conducted an audit of

the Shearon Harris SPDS. Based on the results of these activities, we

conclude that the Shearon Harris SPDS should meet the Commission's

requirements for an SPDS provided the guidance and recommendations

made herein are followed. However, to achieve this goal, the staff
requires a design modification to the Class lE multiplexer card. In

addition, the staff has expressed a need for the display of additional

variables in the SPDS. These additional variables would provide the

control room operator with unique inputs in evaluating the status of

the critical safety functions. Also, as the SPDS design is

incomplete, additional information is needed from the applicant for

the staff to complete its review of the system.

I II. EVALUATION

CP8L submitted a Safety Analysis (Ref; 2) for the SPDS on December 2,
l

1983. As part of our review of the display system, the staff conducted

a design verification audit of the SPDS on March 5-7, 1985. The audit

was conducted with the assistance of a consultant from Lawrence

Livermore National Laboratory (LLNL). Enclosure I is LLNL's Technical

Evaluation Report (TER) on the audit. The staff's evaluation of the

Shearon Harris SPDS is based on our review of the applicant's safety

analysis and the results of our audit.
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A. SPDS DESCRIPTION

The applicant's safety analysis states that the SPDS is:

"... a subunit of the Shearon Harris Emergency Response

Facility Information System (ERFIS). Processing of plant

parameters by ERFIS is presented on two SPDS terminals within

the main control room.

"The important parameters for each function have been combined

in a logical array called a status tree. The combination of

parameters existing at any time define a unique path through

the trees, and also a unique status of the critical safety

function.

"Since there are a number of parameters of importance to each

function, the trees contain several branches and paths. The end

point of each path defines a unique set of plant conditions,

expressed as a combination of current values of the parameters.

Each set of conditions reflect how nearly adequate the critical
safety function is satisfied, and thus the priority of the required

response. In order to quickly inform the operator of the current

conditions, each path is color coded. The color tells the operator



imnediately if the critical safety function is challenged and tells

him the relative severity of the challenge."

During the design verification audit, the staff witnessed a

demonstration of the SPDS which allowed us to partially evaluate

the system.

B. PARAMETER SELECTION

Section 4.1.f of Supplement 1 to NUREG-0737 states that:

"The minimum information to be provided shall be sufficient to

provide information to plant operators about:

(i) 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 (CSFs).

Variable Selection

In the evaluation of the SPDS variables and in our recommendations,

we have considered the Westinghouse Owners Group's "Westinghouse

Emergency Response Guidelines (ERGs) Program," which was reviewed

and approved by the staff (Ref. 4), as a principal technical source

of variables important to safety. The SPDS variables selected by

the appl.icant and their coordination with guideline safety

functions are summarized in Table 1 (as compiled from Reference 2

information, grouping made by applicant). However, the guideline

safety functions identified by the applicant (Table I) do not

correlate with the safety functions specified in NUREG-0737,

Supplement 1. The staff requests the applicant submit a list which

coordinates the SPDS variables with those critical safety functions

specified in NUREG-0737, Supplement 1. In addition, the list
should contain information which identifies the display format (or

page) where the variable is presented to the user. While we find

that the variables selected comprise a general comprehensive list,
we note that the status of Containment Hydrogen Concentration may

not be available on the SPDS proposed for Shearon Harris.



Containment Hydrogen Concentration is a key parameter used in. the

emergency guidelines to monitor combustible gas control and to

indicate a compromise of the "Containment Conditions" safety

function. The staff recommends that Containment Hydrogen

Concentration be added to the SPDS, or its exclusion should be

justified by the applicant.

The SPDS status of the following variables is not identified in

Reference 2:

1. Source range neutron flux;

2. Intermediate range neutron flux;

3. RHR flow;

4. Steam Generator (or Steamline) radiation;

5. Sta'ck radiation;

6. Containment isolation.

Based on our .audit of the SPDS on March 6, 1985, it is our

understanding that these variables are available at the SPDS

console on alternate display formats which are not part of the

SPDS. The audit also revealed that hot leg temperature is

available on the Shearon Harris SPDS, although this is not

clearly identified in Reference 2.

The above variables do, for given scenarios, provide unique inputs

to determinations of status for their respective CSFs, which have
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not been discussed by the applicant as being satisfied by other

variables in the proposed Shearon Harris SPDS list. The applicant

should address this concern by: (1) adding the recommended

variables to the Shearon Harris SPDS, (2) providing alternate added

variables along with justifications that these alternates

accomplish the same safety functions for all scenarios,

(3) providing justification that variables currently on the Shearon

Harris SPDS do in fact accomplish the same safety functions for all

scenarios, or (4) identifying that these variables are in fact

available from the SPDS console. The staff requests that it be

informed on the results from this activity.

Additionally, for a rapid assessment of Radioactivity Control, the

applicant has not demonstrated how radiation in the secondary

system (steam generators and steamlines) is monitored by SPDS when

the steam generators and/or their steamlines are isolated. The

applicant should consider scenarios which require control room

operators to monitor radioactivity in isolated steam generators

during the verification and validation program.

Based on this review of the applicant's supporting analyses, and

our observations that the selected variables appear to be

consistent with the Westinghouse Owners Group ERGs, we find the

proposed list of key variables to be generally acceptable, with

the exceptions noted above.
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Finally, design flexibility should be provided for possible future
'xpansionof the SPDS. For example, with consideration of the

Westinghouse Owners Group ERGs and with possible amendments to

the ERGs, other key variables may be identified to assess the

safety status of the CSFs.

Our review did not consider the range and type of display

associated with the variables, differentiation between top level

and lower level displays, display format, trend requirements, or

instrument location. Also, secondary functions such as analysis

and diagnosis to assist the operator in monitoring system

performance were not considered.

Desi n Validation o'f the SPDS Variables

During the NRC audit, the applicant described a program for
verification and validation of the SPDS, including the SPDS

variables. The discussion of this program identified activities
such as design walkthroughs, step-by-step comparisons between.EOPs

and ERGS, and use of the plant simulator. These efforts emphasize

a coordination of SPDS with EOPs and control room design. However,

this description has not been documented and the staff requests

that these activities be described and submitted for review in the

Validation Test Plan.



Also, it is not clear that the scope of the applicant's validation

program considers scenarios which could place demands on the

monitoring capability of the SPDS to assess radiation conditions

in an isolated steam generator, or to adequately assess

post-accident neutron flux behavior of the reactor (e.g., steam

generator tube rupture with simultaneous loss of offsite power,

large steamline breaks, and boron dilution events). The applicant

should review its validation program for variables displayed in the

SPDS to assure that it considers and addresses these concerns. We

request the applicant submit a description of this program for
staff review.

C. DISPLAY DATA VALIDATION

The staff reviewed CP8L's safety analysis to determine that means

are provided in the display design to assure that the data

displayed are valid. We also reviewed the data validation

methods used in the design during our design verification audit.

Our review of the data validation methods concluded that:

1. A method existed for validating data prior to the display

of the data for operator use and was acceptable.

2. The process used to code and display the results after

data validation was acceptable.
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Additional discussion on data validation is presented in the

enclosed TER.

D. HUMAN FACTORS PROGRAM

The staff's review of this program consisted of an evaluation of

the applicant's SAR, an audit of the design process used to

develop the display, and an audit of selected display formats

within the library of the system. Our review concluded:

1. The design process used to develop the SPDS did not

incorporate human factors engineering principles in a

structured, disciplined manner. We base this conclusion on

the lack of a formal detailed design specification for the

display formats and on the number of human engineering

discrepancies we identified in our audit of selected display

formats.

We recommend that the human-factors specialist on the Shearon

Harris'etailed Control Room Design Review (DCRDR) evaluate

all of the display formats for HEDs. Our audit noted several

potential HEDs which are presented in the enclosed TER. We

recommend that the review of all SPDS display formats utilize

the human-factors guidelines adopted for the control room

display systems. All identified HEDs from the SPDS should be

assessed and resolved within the DCRDR effort and the results



of the assessment reported in the DCRDR Summary Report which

is to be submitted for staff review.

2. Our audit of the display system did find several positive

features:

a. The status trees are dynamic and reflect the current

real-time state of the critical safety function

displayed. This should serve as a cognitive aid to

operators in evaluating status.

b. The current path within the status tree was easily

defined as the path was color and shape coded. The

comparison type decisions (measured process variable

versus symptom) were made by the computer, thus relieving

this workload from the human operator.

c. The display format for each critical safety function was

easily accessed by a user. Also, the display formats

were correlated by means of function status boxes which

were color coded and located at the bottom of each display

format. This provides the operator with the status of

each critical safety function while viewing data on a

specific critical safety function.
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E. ELECTRICAL AND ELECTRONIC ISOLATION

NUREG-0737 Supplement 1 requires that the SPDS be suitably isolated

from Class lE systems so that electrical interference and faults

cannot propagate back to the safety systems. CP8L is taking credit

for the fiber optic cable on the output of a Class 1E Multiplexer

card as the isolation device between Class 1E and non-Class 1E

systems.

This fiber optic cable which transmits digital information using

light instead of electric current is a unique isolator which

possesses inherent characteristics that eliminate ground loops and

common ground shifts in electronic circuits and provides complete

electrical ground isolation between transmitter and receiver.

Fiber optic cables present no fire hazards when their fibers are

damaged. In addition, no local secondary damages can occur because

fiber optics neither produce sparks nor dissipate heat. The

construction .of the fiber optic cable is such that the cable

contains no electrically conductive material. The voltage

break-down rating of a typical fiber-optic cable is on the order

of 250 KV per meter.

A fault at either end of the data link might destroy the modem but

will not propagate over the fiber-optic cable. For example, one of

the tests that must be performed to qualify an isolator is the
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application of the maximum credible fault (voltage, current) .to the

output of the device to verify that the fault does not propagate or

degrade the input (Class lE) side. This postulated failure does

not affect fiber-optic cable, as stated above, the optical fibers

are totally dielectric (i.e., the electrical energy resulting from

the fault will not propagate through the optical fiber). Another

characteristic of the optical fiber cable is its nonsusceptibility

to the coupling of cross-talk and electromagnetic interference

(EMI).

The staff finds the fiber optic cable acceptable as an interface

device between Class 1E and non-Class lE systems.

During the audit the staff noted that the Class lE multiplexer card

on the front end of the ERFIS was powered from non-Class lE power

source. It is the staff's position that the Class lE multiplexer

cards within their associated divisions be powered from the Class

1E power within that division. This modification shall be

completed prior to declaring the safety systems operational for the

plant. Documentation to support this modification should be

submitted to NRC for confirmatory review.

F. SYSTEM AVAILABILITY

CP8L provides a redundant computer configuration to achieve a high

availability goal of 99 percent. The methodology and technique
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used to achieve this goal is the ratio of Mean Time Between Failure

(MTBF) to Mean Time Between Failure (MTBF) plus Mean Time To Repair

(MTTR). Failure criteria for this analysis is any hardware

malfunction which causes a system or subsystem non-operable status

and creates a requirement for unscheduled maintenance. It is

assumed the preventive maintenance will be conducted on a

non-interference basis, i.e., during scheduled shutdowns or during

an operating mode without placing the equipment in a non-operable

condition. The staff finds this methodology acceptable.

Science Applications, Inc. (SAI) is in the process of performing a

reliability analysis and anticipates that the CP8L goal of 99

percent for ERFIS/SPDS is achievable. The results of the analysis

were not available at the time of the audit. Therefore, the staff

requires that CP8L submit a summary report on the results of the

analysis for confirmatory review.

G. VERIFICATION AND VALIDATION PLAN

During the design verification audit, the NRC audit team was

presented with an overview of the Verification and Validation (V8V)

Program. This overview described the scope, procedures, schedules,

and deliverables for the program. The deliverable items from the

Verification and Validation Contractor to Shearon Harris consisted

of a V8V Plan, Verification Reports, a System Validation Test Plan,

a, System Validation Report, etc. The Verification and Validation

Contractor is Science Application International, Inc.
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In our audit, we reviewed the V&V Plan. Our preliminary evaluation

of the plan found the structure and activities within the plan were

similar to those of NSAC-39 (Ref. 3). We request that the V8V Plan

be docketed as it would serve as a useful reference point for the

staff in evaluating results from the program.

At the time of the design verification audit, only the first steps

of the V8V Plan had been executed and no data was available for
audit. We also noted that the human factors acceptance criteria
for validation tests and for evaluating the use of the SPDS during

the integrated tests of the NUREG-0737 related emergency response

initiatives on the Shearon Harris simulator had not been generated.

These acceptance criteria should be defined and described in the

Validation Test Plan. We request that this test plan be submitted

for staff review. Upon completion of the Validation Tests, we

request the System Validation Report also be submitted for staff

review. Our review of these documents will determine the need for

a design validation audit. The final results from our review will

be presented in a future SER. Additional details and comments on

the applicant's Verification and Validation activities are

presented in the enclosed TER.
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H. IMPLEMENTATION PLAN

During the design verification audit, the NRC audit team reassessed

Shearon Harris'mplementation Plan for the SPDS. We noted that

many of the activities currently planned in the SPDS development

program were not in the Plan and that the activities defined in the

Plan were not in phase with current activities. We request that

the Implementation Plan be revised and updated to reflect currently

planned activities and schedules for the design, completion,

resolution of findings from Verification and Validation activities,

control room installation, and operation of the SPDS. The revised

Implementation Plan is then to be submitted to the staff. The

staff will use the revised Implementation Plan to schedule future

review activities.

I. PROCEDURES AND TRAINING

During the design verification audit, the NRC team was unable to

determine if an operator's training program in the use of the

SPDS existed. NUREG-0737, Supplement I states:

"Procedures which describe the timely and correct safety

status assessment when the SPDS is and is not available, will

be developed by the licensee in parallel with the SPDS.

Furthermore, operators should be trained to respond to

accident conditions both with and without the SPDS available."
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We request that CPEL provide a commitment to meet these requirements

and to define a schedule for these activities within the revised

Implementation Plan.

IV. CONCLUSIONS

The NRC staff's evaluation of the Shearon Harris SPDS consisted of a

review of a SAR and a design verification audit. Based on its review,

the staff concludes:

l. An acceptable method to validate data and display the quality

status of the data is being used in the design.

2. The displayed status trees are dynamic; they reflect the current
I

real-time status of the critical safety functions, and should serve.

as cognitive aids to the operators.

3. An acceptable Verification and Validation Plan exists for the

design and development of the SPDS.

4. We find the proposed list of key variables to be generally

acceptable, with the exceptions noted below.

Based on its review of the Safety Parameter Display System, the staff

requires the applicant to:
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1. Modify the display's design such that the Class lE multiplexer

cards be powered from Class 1E power within their division. This

modification shall be completed prior to declaring the safety

systems operational for the plant. Documentation to support this

modification should be submitted to NRC for confirmatory review.

2. Provide the following:

a. A report on the SPDS's design availability analysis for

confirmatory staff review.

b. A commitment that procedures which describe the timely and

corrrect safety status assessment when the SPDS is and is

not available will be developed and that operators be trained

to respond to accident conditions both with and without the

SPDS available.

c ~ Information on how new displays created by users from the

keyboard will not be confused with the standard set of

displays within the SPDS; For details on this concern, see

the enclosed TER.
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d. A list which coordinates the SPDS variables with the cri.tical

safety functions specified in NUREG-0737, Supplement 1. In

addition, the list should contain information which identifies

the display format (or page) where the variable is presented

to the user.

e. Data which demonstrates that the SPDS adequately monitors

the Radioactivity Control Function under plant conditions with

isolated steam generators.

f. A description of how the design validation of the SPDS

variables will be achieved as part of the Validation Test

Plan.

g. A Validation Test Plan which includes human factors acceptance

criteria for evaluating the use of the SPDS.

h. A Validation Test Report which describes test results and

plans for resolution of problems identified during the Test

Program.

3. Conduct a review of all SPDS display formats for human engineering

discrepancies (HEDs). All identified HEDs from the review should

be assessed and resolved within the DCRDR effort and the results

of the assessment reported in the DCRDR Summary Report which is

submitted for staff review.
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4. Address the following variables which are not included in the SPDS

by:

i) Adding these variables to the Shearon Harris SPDS, or ii)
Providing alternate added variables along with justifications that

these alternates accomplish the same safety function for all

scenarios, or iii) Providing justification that variables currently

on the Shearon Harris SPDS do in fact accomplish the same safety

functions for all scenarios, or iv) Identifying that these

variables are in fact available from the SPDS console:

a. Source range neutron flux;

b. Intermediate range neutron flux;

c. RHR flow;

d. Steam generator (or Steamline) radiation;

e. Stack radiation;

f. Containment isolation status;

g. Containment hydrogen concentration.

5. Submit the Verification and Validation Program Plan for docketing.

6. Provide revised Implementation Plan to reflect currently planned

activities and schedules for the design completion, control room

installation, and operation of the SPDS.
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The results from the staff 's review of the above material will be reported in

a future supplement to this SER.
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TABLE 1: SAFETY FUNCTION VARIABLES

~ff F

1. Subcriticality

2. Core Cooling

3. RCS Integrity

Variable

Power Range Neutron Flux
Intermediate Range Startup Rate
Source Range Startup Rate
Source Range Energized

Core Exit Temperature
RCS Subcooling
RCS Level
Reactor Coolant Pump Status

Cold Leg Temperature
RCS Pressure
Cooldown Rate

4. Heat Sink Steam Generator Level
Steam Generator Pressure
Feedwater Flow

5. Containment

6. RCS Inventory

Containment Pressure
Containment Sump Level
Containment Radiation

Pressurizer Level
RCS Level



HFEB SALP INPUT

SHEARON HARRIS

SAFETY PARAMETER DISPLAY SYSTEM

1. Management involvement and control in assuring quality.

Our audit concluded that a higher degree of quality control was needed
to assure the uniform application of human factors guidelines within the
design.

Rating: Category 2

2. Approach to resolution of technical issues from a safety standpoint.

The applicant has integrated common elements between the SPDS and the
Emergency Operations Procedures. However, the staff has suggested
several modifications to the SPDS to ensure compliance of the final
design with NRC requirements.

Rating: Category 2

3. Responses to NRC initiatives.

The applicant's Verification and Validation Plan was a reasonable one
- for the development of a SPDS.

Rating: Category 2
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