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SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REMLATION

FOR THE SAFETY PARAMETER DISPLAY SYSTEM

PII."-RIM NUCLEAR POWER STATION

1.0 INTRODUCTION

All holders of operating licenses issued by the Nuclear Regulatory Commission
(licensees) and applicants for an operating license (Oli must provide a,

Safety Parameter Display System (SPDS) in the control room of their plants.
The Connission-approved reouirements 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 reliably
determining the safety status of the plant. NUREG-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*

must 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. Supplement I
requires that the safety analysis and the implementation plan be submitted
to the NRC for staff review. Prompt implementation of the SPDS in operating
reactors is a design goal of prime importance. The staff's review of SPDS

: documentation for operating reactors is, therefore, 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
preimplementation 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 or ifi

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 to assure that the data displayed are valid, (c)
confirming that the licensee has committed to a human factors program Ii

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

comprehended so as not to mislead the operator, and (d) confirming that the iSPDS will be suitably isolcted from electrical and electronic interference ;
with equipment and sensors that are used in safety systems. If, based on |

this review, the staff identifies a serious safety question or seriously l
inadequate analysis, the Director of IE or the Director of NRR may require or
direct the licensee to cease implementation.

2.0 EVALUATION

The Boston Edison Company submitted for staff review a Safety Analysis
Report (SAR) and an Implementation Plan (References 1, 2, and 3) on the SPDS
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for the Pilgrim Fuclear Power Station (PNPS). These documents describe
the display system, provide the design bases for the system, discuss the
selection of process variables and display formats, describe the human
factors engineering used in the design, define the Verification and Validetion
Plan used in the design, and present an Implementation Plan. Boston Edison
states (Reference 4) that the SPDS will be completed by December 31, 1986.

The results from the staff's review of the licensee's SAR are presented
below:

A. SPDS Description

The Pilgrim Nuclear Power Station Emergency and Plant Information Computer
(EPIC) is a centralized, int'egrated system which performs the process
monitoring and calculations defined as being necessary for the effective
evaluation of normal and emergency power plant operation. The EPIC acquires
and records process data and system data including temperatures, pressure,
flows, and status of systems. The EPIC provides real-time color graphic
displays for the SPDS requirements of NUREG-0737 Supplement 1.

The PNPS SPDS for the control room consists of a graphic display console
(GDC) which contains a display screen (CRT), standard alphanumeric keys, and
function keys. The library of display formats available from the GDC contain
data and information on:

a. Reactor Pressure Vessel (RPV) control
b. Containment Control
c. Critical plant variables
d. .Two-dimensional (20) plots
e. Trend plots, and
f. Validation status displays.;

Upon review of References 1-3, the staff noted that the basis for the Pilgrim
SPDS is the General Electric GESSAR II SPDS.

| 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:

fil Reactivity control
-(ii) Reactor _ core cooling and heat removal from the primary system
(iii) Reactor coolant system ~ integrity

| (iv) Radioactivity control
| (v) Containment conditions."

For review purposes, these five items have been designated as Critical
Safety Functions (CSF).i

|

|
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The selection of process variables for displav was made by the licensee and
GEbasedontheBWRgenericEPGs(Reference 5). We have confirmed that the
variables selected are consistent with approved BWR EPGs (Revision 2).

The process variables and their relationship to the CSFs are summarized in
the attached Table 1. These function-based sets of process variables were
made by the staff based on inspection of the first level SPDS display fornat
(Reference 2, Figure 4-5). The licensee had grouped the individual variable
identification to coordinate with the generic EPGs identified under the
general concepts of Reactor Pressure Vessel Control and Containment Control.
These individual groupings are used for additional display formats on the
Pilgrim SPDS. The displays include a " RAD NORMAL" status light to alert
the operator to off-normal radioactivity control. We find this acceptable;
however, . insufficient infonnation is provided to evaluate the adequacy of~'

the input variables to this status light. The licensee should identify
these inputs. We also recommend the monitoring of Containment Radiation
for conditions in which the containment is isolated.

. Neutron flux is a fundamental variable for monitoring the status of the..

Reactivity Control CSF. An indication of reactivity control should be
provided for all power ranges. The Pilgrim SPDS provides monitoring of the
power level by Average Power Range Monitors (APRMs) during power operation.
For conditions below the APRM range, the Pilgrim SPDS does not monitor power
level, but does provide scram status. It is our understanding based on
discussions with GE that following a reactor scram and a core-wide
verification of rods-in status, the scram status indicatur on the SPDS will'

display " RODS-IN." This displayed message will not change unless a rod is
withdrawn or drifting, in which case the display changes to an alarm (red)
indication .

In the reactor startup mode of operation, a reactor scram occurs if the
signals from the Intermediate Range Monitors (IRMs) of neutron flux exceed
the high-high trip setpoint (less than or equal to 120/175 of full scale).
In.the reactor shutdown mode of operation,.such as the performance of core
alterations, a reactor scram occurs if the signals from the Source Range
Monitors of neutron flux exceed the high-high trip setpoint. In each case,
upcn a successful scram, the scram status indicator in the SPDS displays
" RODS-IN." The staff concludes that the combination of the APRMs and scram
status indicator provides adequate monitoring of the Reactivity Control CSF.
The staff also recognizes that, during periods of startup and heatup, a portion
of the plant operations staff would have attention focused on the neutron
instrumentation in the control room.

We understand that the Pilgrim SPDS desian includes sufficient capacity)forexpandability that additional variables (such as hydrogen concentration
may be added as a result of future revisions to the generic EPGs.
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Our review of the process variables in the SPDS did not consider the range
or type of display associated with the variables, display format, trend
requirements, instrument locations or validation of the SPDS. Also,
secondary functions such as analysis and diagnosis to assist the operator
in monitoring system performance stere not considered.

The staff finds that the process variables selected for the Pilgrim SPDS
would be acceptable with the addition of a Containment Radiation Monitor to
identify the status of the Radioactivity Control Safety Function during
periods when the containment is isolated. In addition, the staff reauests
the licensee to submit for confirmatory review ientification of all specific
radiation monitors used by the SPDS in monitoring the Radioactivity Control
Safety Function.

C. Display Data Validation
d

The staff reviewed Boston Edison's SAR to determine that means are provided
in the display's design to assure that the data displayed are valid. In
assessing the data validation technique used in the Pilgrim SPDS, the staff
noted that these techniques were similar to those used in the GESSAR II SPDS.
We confirmed this observation in a phone conference with General Electric on
December 4, 1984. The staff's review and acceptance of the GESSAR II SPDS
data validation methods is reported in References 6 and 7.

Based on the information obtained from our review of the licensee's safety
analysis and the information obtained from General Electric, the staff
confirms that means are provided in the SPDS design to assure that the data
displayed are validated.

D. Human' Factors Program
:

The staff also evaluated Boston Edison's SAR for a commitment to a Human
| Factors Progran in the development of the SPDS. This effort consisted of
| evaluating the Human Factors Engineering Implementation Plan, evaluating how

the data and information for the display formats were developed, evaluatina
'

specific display formats, and evaluating the Verification and Validation
Program.

. Our review of the-licensee's safety analysis concluded that the Human Factors
| Engineering Implementation Plan, the data and information for the display

formats, the specific display formats, and the Verification and Validation
Program were in most cases carbon copies of the GESSAR II SPDS. Based on
the similarity to the GESSAR II SPDS (see Reference 71, the staff confirmsi

i that the licensee did commit to a Human Factors Program in the development
of the SPDS. However, our review did note some potential human engineering
discrepancies and these are presented next.

In general, most display formats illustrated in the SAR appeared to be
uncluttered and easy to comprehend. In addition, the structure of the
display formats were similar to those in the GESSAR II SPDS. However, we

. . --
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did note that several graphic primitives within display formats were modified
when compared to the similar GESSAR II display format. -,

The staff did conduct a specific review of the RPV CONTROL display format
and the CONTAINMENT CONTROL display format as our previous review of these
display formats (GESSAR II SPDS1 resulted in staff concerns (References 6
and 7). The licensee's SAR contained black and white copies of these
display formats. Thus, we were unable to evaluate the use of color within
the display formats.

The RPV CONTROL and the CONTAINMENT CONTROL display formats each contained
sets of data consisting of system status data, event targets, process
variable trend plots, and limit tags. 'The system status data set provides
the operator information on systems which are necessary to perform certain
actions within the PNPS E0Ps. The event target data set provides information
on " events," such as group isolation, Safety Relief Valve (SRV), Main Steam
Isolation Valve (MSIV1, Scram, etc. The process variable trend plots provide
a time history data plot, bar graph, and digital read out. A trend plot is
provided for each process variable associated with the control function.
Also, limit tags are provided for each process variable. Each limit tao

! corresponds to a process limit identified in the PNPS E0Ps.

Our evaluation of the display formats concluded that the data on the
operational status of systems which supply water to the core integrate
logically with the process variable trend plots displayed, such as reactor
water level. Further, the limit tags displayed for the trend plots
facilitate the operator's tasks of evaluating margins to process limits
based on the E0Ps. These are good examples of cognitive coding of data
within the. display format. However, from a syntatic point of view, the data
in the RPV CONTROL display format is cluttered. The synte in the system
status data set is very dense. Also, the individual dat sets in the displaya
format are not labeled. In time of stress, this coul/ prove difficult for
the operator in locating, comprehending, and using t'..e information within
the display format and thus may result in operator errors.

The results from our evaluation of the RPV CONTROL display forqat are similar
to the results we obtained in evaluating the GESSAR II SPDS (References 6
and 7). However, we found the CONTAINMENT CONTROL display format to be less
dense in syntax thin the corresponding display format we evaluated in the
GESSAR II SPDS. Thus, the staff's concern on clutter is with the RPV CONTPOL
display format.

Based on the infon'ation obtained during our review of Roston Eoison's SPDS,
the staff confirms that Boston Edison did commit to a Human Factors Program
in the design of the SPDS. A large majority of the display formats appeared
to be well designed, easy to read and comprehend. However, we noted that
the RPV CONTROL display formats were very dense with information. We request
that Boston Edison provide information which clearly demonstrates that use of
these cluttered display formats will not result in operator errors or to
redesign the display formats to eliminate the clutter.

i
!
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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 with equipment and sensors that are used in safety systems. The
staff, however, concludes that it is acceptable for the licensee to continue
implementino its SPDS Program provided that the SPDS be suitably isolated
from electrical and electronic interference with equipment and sensors used
for safety systems. However, the licensee should provide the following
information to the NRC for confirmatory review:

For each type of device used to accomplish electrical isolation,a.
describe the specific testing performed to demonstrate that the
device is acceptable for its application (s). This description
should include elementary diagrams when necessary to indicate the
test configuration 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.

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

Provide a commitment that the isolation devices comply with thee.
environmental qualifications (10 CFR 50.49) and with the seismic
qualifications which were the basis for plant licensing.

|
f. Provide a description of the measures taken to protect the safety;

systems from electrical interference (i.e., Electrostatic Coupling,
| EMI, Common Mode and Crosstalk) that may be generated by the SPDS.

3.0 CONCLUSIONS
,

| The NPC staff reviewed the Roston Edison Company's Safety Analysis tc confirm
the adecuacy of the parameters selected to be displayed to monitor critical

'

safety functions, to confirm that means are provided to assure that the data
displayed are valid, to confirm 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, and to confirm|

i that the SPDS is suitably isolated.
!

! Based on its review, the staff confirms that:

!
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Means are provided in the SPDS design to assure that the data displayed-

are valid.

However, the staff was unable to complete its review in the areas indicated
below:

We find that the process variables selected for display would be acceptable
provided that containment radiation data are also incorporated into the SPDS.
We request that Boston Edison define the specific radiation data used to
evaluate the Radioactivity Control Critical Safety Functions monitored by
the SPDS. In addition, we request that the licensee's safety analysis be
modified to define the rationale why the radiation variables selected for
display are adeopate to allow control room operators to evaluate the
Radioactivity Control Critical Safety Function for a wide scope of events.

Our review noted that the RPV CONTROL display formats were very dense with
information. We request that Boston Edison provide information which clearly
demonstrates that use of these display formats will not result in operator
errors due to clutter or to redesign of the display formats to eliminate
the clutter.

The staff was unable to evaluate if the SPDS was suitably isolated from
t

electrical and electronic interference with equipment and sensors that are
used in safety systems because of inadequate information in the licensee's
report. For confirmatory review, the staff requests the licensee to provide
information on the isolation devices.

The continued implementation of the SPDS by the licensee is conditional to
a satisfactory confirmatory review by the staff on the above requested
design information.

4.0 SUMMARY

Upon review of the licensee's Safety Analysis Report (SARI, the staff noted
that the basis for the Pilgrim SPDS is the General Electric GESSAR II SPDS.
The result from the staff's review and evaluation of the GESSAR II SPDS arepresented in References 6 and 7. Our review concluded that it was acceptable
for General Electric to continue implementing its SPDS Program, but the open
items identified in our SE must be resolved successfully.

| The staff's review of the licensee's safety analysis confirms that the
display's design responds to many of the flRC's requirements. However, our
review did identify concerns with the adequacy of the radiation data, displav

| format clutter, and the staff's need for additional information on the
isolation devices between the SPDS and the plants safety systems. Thesei_

concerns are similar to the ones which resulted from the staff's review of |

,

the GESSAR II SPDS.
! |

| |
|
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TABLE 1

SPDS PROCESS VARIABLES

PILGRIM P!LICLEAR POWER STATION
,

Critical Safety Function Process Variables

Reactivity Control APRM.,

Scram Status (All rods ini
Reactor Core Cooling Reactor Vessel Water Level -

and Heat Removal Reactor Vessel Pressure

Reactor Coolant System Integrity Reactor Vessel Pressure
-

SRV Status
Drywell Pressure

Containment Conditions Drywell Temperature
Drywell Pressure-
Suppression Pool Water level
Suppression Pool Water Temperature
Containment Isolation Status

R:d.ioactivity Control
Main Steam Line Radiation Monitors
Standby Gas Treatment System

Status *

:

(

:

|'

!'
i

* This variable provides input to a radiation event target status light on the
Critical Plant Variable Display.
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