MMPR

ASSOCIATES 1NC.

4

I N E E R S

independent Review of Electrical isolation issues
Susquehanna Steam Electric Station

't

MPR '1504

June 1994

Principal Contributors
R.M. Carrltte
H. Estrada

~

Prepared for
1

Pennsylvania Power and Ught Company
Allentown, PA

e709<7OZ<7 97O9<X U
ADQCK 05000387i
PDR
P
320 KINS

PDRLC

STREET

ALEXANDR1A. VA 22314-3238

703-5

1'F

0200

FAX'03 5)0

0224

Q~MPR
asscciasss
s N

c

I

>ssc.
N ~ ~ R s

EXECUTD'E SUMMARY

SSES emergency diesel generator in 1986 propagated to
the field circuits of the other emergency diesels via a computer input/output card (the
purpose of the computer connection was to monitor and display the field currents). The
incident raised concerns at PP&L and with the regulator that this and other such
connections might permit unwanted interactions between safety related (e.g., diesel
generators) and nonsafety-related circuits (e.g., the computer). More specifically, faults
or other electrical malfunctions might cause simultaneous misoperation of redundant,
safety-related channels, by using the plant computer, the plant annunciator system, or
some other nonsafety-related "monitoring", system as a conduit. Such faults could
originate in either a safety-related or nonsafety-related system connected to the
"monitoring" system. Additionally, certain faults in the monitoring system itself, such as a

A fault in the field circuit of an

ground, might contribute to the disablement of more than one channel of safety-related
equipment; this occurred in the 1986 incident.

As a result of the 1986 emergency diesel generator incident, PP&L performed a number
of investigations to determine the extent of the potential problems and define
appropriate corrective measures. The investigations, analyses, and tests conducted by
PP&L are extensive and in some cases, technically innovative. These efforts required a
number of years,to complete.

A Safety Evaluation Report was issued by the NRC staff in June of 1991. The regulator
was in general agreement with PP&L's program. It should, however, be noted that a
resolution was not reached for an important set of potential interactions involving
equipment provided by the NSSS designer. The regulator acknowledged that these issues
are not unique to SSES and are generic to BWR plants of the same vintage. The
regulator agreed to defer consideration of remedial measures on this set of equipment
until these issues are resolved generically.
of the prolonged response to the original problem and because both the analysis
of the problem and the corrective measures are complex and in some cases debatable,
PP&L commissioned this independent review by MPR; The detailed results and
recommendations of our review are contained in Section 7. Our principal conclusions
Because

follow:
Disconnecting the computer input circuits from the shunts within the
generator field circuits eliminated'the possibility of a recurrence of the May

1.

emergency'iesel

-

2.

1986 sequence

of events.

The licensing basis for SSES states that the plant design will comply with the
requirements of IEEE 279-1971. This standard specifies isolation devices for the
interfaces between Class 1E and non-Class 1E circuits. Requirements for
isolation devices for all such interfaces were not part of the original plant design

i

s

for SSES. Subsequent to the 1986 incident, PP&L's evaluation of the impact of
not isolating some of the interfaces between Class IE and non-Class 1E circuits
was limited to the inputs to the plant computer and overhead annunciator
systems. The bases for limiting the scope of the PP&L efforts to the computer
and annun'ciator and not addressing other devices with multiple inputs derived
from redundant Class IE circuits without isolation werc not documented by

PP&L
We expect that most of the interfaces not analyzed do not constitute a serious
threat to plant safety and may not require detailed analysis or plant
modiQcations. What is needed, however, is a top level document which (a)
deQnes the total scope of the potential problem, (b) states clearly what has been
analyzed and what has not, (c) provides a road map to the detailed analyses that
have been performed and (d) provides a rationale for those aspects of the
problem that have not been analyzed. This top level document should serve two
purposes:
~

~

Provide PP&L collectively with an understanding of what has been'one
and why; and
Provide a basis for an understanding with the regulator of what has been
done and what has not.

3.

PP&L has performed extensive evaluations of the plant computer and
annunciator inputs to determine if postulated failures could prevent the Class IE
systems from meeting their mirumum performance requirements. As discussed in
Section 7, we consider that some additional ef'fort is warranted to resolve these
issues, fully. This includes demonstrating that the computer input cards can
withstand 120 VAC and 250 VDC and conducting tests to show that the
insulation syste'm in the current/voltage transducers used for certain input circuits
will not break down after 8 hours of exposure to high voltage pulses.

4)

There are a number of comput'r inputs that are derived from redundant Class
1E circuits without isolation and that share the same input card. This creates the
possibility that a single failure. (a fault which damages an input card or a ground)
will affect redundant Class IE circuits or will provide the operator with erroneous
information regarding redundant Class IE circuits. The effects of fault
propagation have been evaluated by PP&L; our conclusions concerning the
completeness of these evaluations are discussed in item 3 above. The impact of
failures providing erroneous information to the operator was not addressed by
the PP&L evaluations.
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Section

1

INXRODVCTION
1.1

PURPOSE

In May 1986, an open circuit in the generator field circuit for emergency diesel generator
''D" occurred at Susquehanna Steam Electric Station (SSES). The energy released from
the field caused a fault in the 'D" diesel generator Geld circuit that propagated through
the plant computer input/output circuitry to the Geld circuits of the other three
emergency diesel generators. The incident raised a concern that the potential for
common mode failures existed at SSES due to the lack of electric isolation between some
Class 1E and non-Class 1E interfaces. Over the intervening years PP&L has pe'rformed
engineering evaluations to address concerns raised by the diesel generator incident and
has identified some necessaty hardware modifications.
In February 1994, PP&L asked MPR Associates
taken to resolve this issue. The purpose
Management that a satisfactory technical
and to provide closure of the issue to the extent

to perform an independent review of the
of the MPR review was to assure PP&L
solution to, the issue has been reached
possible.

MPR was asked to:
o

Review the history of the issue;

~

Interview the principal engineers working, on the issue and assure all relevant
items have been-captured in the appropriate documentation;

~

~

~

~

'

Perform a review of the actions «aken to date.and those planned and advise PP&L
if any items have not been sufficiently considered;
Perform a review of a forthcoming revision to the Electrical Separation
Specification for SSES to ensure it incorporates the lessons learned from the
incident and subsequent engineering evaluations.
Provide PP&L VP- - Engineering with an oral report. This report will represent
an independent evaluation of actions taken and those remaining open; and
Provide PP&L with a written report documenting MPR's review, including any
items not currently being addressed, and MPR's recommendations for
supplementary or different corrective actions.

This report documents the MPR review. It also forms the basis for the oral report to the
PP&L Vice President of Engineering. 'MPR's review of the Revision to the Electrical
1-1

'ctions

'enior

Separation Specification for SSES is not covered by this report. The revision is
scheduled to be completed by PP&L in the fourth quarter of 1994. MPR's review of the
revised specification will be documented in a separate letter report.

12

REPORT ORGANIZATION

Section 2 of this report contains a description of the May 1986 incident involving the
open circuit in the diesel generator Geld circuit. A summary of the PP&L and NRC
actions following the open circuit incident is provided in Section 3. The methodology
used by MPR to perform this independent review is provided in Section 4. The concerns
raised by the sequence of events following the. open circuit are delineated in Section 5 of
this report. Section 6 discusses the industry codes and standards applicable to this review
of electrical isolation for SSES. Section 7 contains the results and recommendations of
MPR's review. Section 8 contains a list of references used during the review.

1-2
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Section 2

DESCRIPTION OF INCIDENT

This section provides a description of the sequence of events associated with the May
1986 incident and summarizes the Qndings of the initial PP&L investigations.
2.1

SEQUENCE OF EVENTS

1986, an open circuit occurred in the field circuit for the "D" emergency diesel
generator at SSES during a test of the engine-generator. The open Geld circuit was
caused by a loose termination lug in the Geld circuit. The open circuit produced an
inductive surge in the Class 1E Geld circuit. The inductive surge was transmitted to the

'In May

non-Class 1E plant computer via a non-Class 1E circuit which was designed to monitor.
the field current through.a shunt connected to the Class 1E Geld circuit.
II

The computer input card associated with the Geld current monitoring circuit was severely
damaged by the surge and a minor Gre was caused by the surge energy. The fire was
extinguished by blowing out the fiames. Before it was extinguished, the fire affected
input cards on the chassis and a number of computer points were lost due to
the damage.
'djacent

The field circuit for each of the four emergency diesel gerierators installed at SSES at the
time of the incident has a field ground detection circuit. The voltage'surge'caused a field
ground alarm on the "D" diesel generator. Although the other diesel generators were not
operating at the time of the event (and, therefore, no current should have been present
in their field circuits), field ground alarms were also received on the "A", "B", and
generators. The alarms cleared when the operator reset them.
"C'iesel

Subsequently, surveillance tests were initiated on the "A", "B", and "C'iesel generators.
Upon starting the "A" diesel generator, ground fault alarms were'received on the "A" and
"B" diesel generators. In response, the "A" diesel generator was shutdown manually
by
the operator. The "B" diesel generator was not running at the time. The computer input
card damaged by the initial fault,was disconnected, the alarms were cleared, and the "A"
diesel generator was restarted without further alarms. The "C'iesel generator was then
started but a ground fault, alarm occurred on the "C'iesel generator and it was

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

2-1

manually stopped by the operator. While maintenance personnel were attempting to
locate the source of the ground, the alarm cleared. The "C'nd "B" diesel generators
were then tested successfully. The actual cause of the ground associated with the
generator during the surveillance tests was not identified.
"C'iesel

22

INITIALPP8cL FINDINGS

The interfaces between the Class 1E field circuits and the non-Class 1E computer circuits
involved in the May 1986 incident were not isolated electrically by design. PP&L
investigations of the event found that the non-Class 1E computer input circuits associated
with the four diesel generator field circuits shared the same computer input card. As a
result, the failed input card provided a common connection between the redundant Class
1E diesel generators.

At SSES, the performance monitoring system computer and its

.

associated input circuits
are'classified as non-Class 1E. There are approximately 2700 input circuits to the
computer; roughly 1200 are analog and 1500 are digital (derived from contact devices).
Approximately 30 percent of the inputs are derived from Class 1E circuits. The original
plant design specified no requirement for isolation of these computer inputs, although
electrical isolation was provided for only some of these inputs.
'I

Prior to the May 1986 incident, electrical isolation between most of the Class 1E and
non-1E interfaces used to derive computer inputs was not considered a design
requirement. The computer was considered a low energy source which was not capable
of adversely affecting the Class 1E circuits with which it interfaced. The possibility that
the computer could act as a conduit for a fault in one circuit to propagate to another
apparently did not occur to the designers.
PP&L's review of the computer inputs found that the non-1E computer inputs for diesel
generator field monitoring circuits were the only inputs derived from shunt circuits
without interposing transducers (without interposition, the shunt circuit provides a direct
connection between the monitored circuit and the monitoring circuit). All other
power monitoring circuits were found to contain an interposing transducer. Therefore,
the other monitoring circuits were considered to pose a lower risk of fault propagation to
the computer. As a result, the computer input circuits associated with the diesel
generator field circuits were disconnected from the shunts.
'lectrical

2-2
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Section 3

PP&L AND NRC FOLLOW-UP ACTIONS

In response to the electrical separation issues raised by the May 1986 incident, PP&L
performed an initial reassessment of the potential for common mode failures between
redundant Class 1E circuits at SSES due to high energy faults into the computer (see
non-conformance report NCR 87-0021). In January 19SS, the NRC staK issued a letter
(Reference 2) to PP&L which concluded:

1.,
2.

"All Class 1E/non-Class 1E instrumentation and control interfaces, where
qualified isolation devices do not exist, should be identiQed and qualiQed
isolation devices installed.

"During qualiQcation testing of an isolation device, the maximum credible
fault voltage/current to which the isolation device is exposed should be that
which is available on both the input as well as the output of the isolation
device.

'3.

"QualiQed isolation between neutron monitoring system interfaces and nonsafety related plant equipment should be provided. The staff is currently
pursuing this issue with General Electric on several BWR plants and the
resolution of this item will be applicable to Susquehanna Steam Electric

'tation."

PP&L's letter to the NRC, dated February 22, 1988 (Reference 3), responded to the
NRC staff's letter of January 14, 1988. The PP&L response consisted of an action plan
to review interfaces between non-class 1E instrumentation and control circuits and Class
1E circuits. Table 3-1 is a summary of the PP&L action plan, included as an attachment
to PP&L's February 22, 1988 letter. The results of the majority of PP&L's engineering
evaluations were submitted to the NRC in December of 1989 (Reference 4). In June of
1990 PP&L issued to the NRC a letter (Reference 5) that forwarded results of the
additional engineering evaluations necessary to complete the action plan. In June 1991,
the NRC staff issued a Safety Evaluation Report (SER) on PP&L's actions to resolve the

isolation issues.

In the SER the NRC staff identified some minor exceptions to the PP&L evaluations and
some followup actions, including the need to issue a revision,to the FSAR. In its
evaluation, the NRC also concluded that "the conformance of the GE NSSS scope of
equipment to the requirements of IEEE 279-1971 has not been adequately
demonstrated" and that "the equipment involved has extensive operating experience
without signiTicant problems in this area [electrical isolation]...." As a result of these
3-1

0

~

,

~

.,

conclusions, the staff acknowledged that this issue was not unique to SSES and was
generic to BWR plants of the same vintage. The NRC agreed to defer taking action at
SSES until the issue is resolved generically. Based on conversation with PP&L licensing
the generic issue concerning the isolation of Class 1E/nonpersonnel
Class 1E interfaces with the GE NSSS scope of equipment remains open. In a letter
dated August 19, 1991 (Reference 8), PP&L submitted to the NRC staff a revision to the
FSAR to reQect the current design with respect to electrical isolation. The revision
affected FSAR Sections 3, 7, and 8. In addition, PP&L has resolved the minor.
exceptions taken by the NRC by revising the applicable engineering evaluation "reports.

With regard to how computer and annunciator circuits would be handled in the future at
SSES, PP&L made the following commitments to the NRC staff:

If new computer or annunciator circuits containing Class 1E/non-Class 1E
interfaces are added to the Plant, qualified isolators will be installed to
isolate the Class 1E portion from the non-Class 1E portion.
~

If the

existing Class 1E/non-Class 1E interface device is modified, qualified
isolators will be installed in the circuit

In a letter to the NRC'staff, dated June 10, 1993 (Reference 9) PP&L clarified these .
commitments and defined the types of modifications which do not require the installation
of isolators. PP&L has received no response from the NRC on this position.

3-2

Table 3-1

PP&L Separation Review Action Plan
Submitted to NRC February 22, 19881.
.

Review computer inputs for direct connections to shunt circuits and remove those
inputs from the computer.

2.

Analyze CT and PT circuits [associated with the plant computer] and produce a
justification for safe operation.

3.

Review manufacturer's specifications for analog isolation devices used in
instrumentation loops.

4.

Review Unit

5.

Complete open-circuit testing on CI s and transducers.
determine if plant modifications are required.

1. computer

analog inputs.

Evaluate test results and
t

6.

Complete the review of the Unit I computer digital inputs. Provide a disposition
for resistive and buffer inputs for both analog and digital inputs.

7.

Review Unit

8,

Obtain and evaluate information from GE on separation.

9.

Obtain and'review manufacturers'est data on Bailey, TEC, Validyne and
Symonds Precision isolation devices and determine if additional'testing is required.

10.

Issue'a revision to Chapters 7 and 8 clarifying separation analysis.

11.

Provide a summary of Action Plan results to the NRC.

1

annunciator inputs and disposition any low dielectric inputs.

Page 1
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Section 4

MI:THODOLOGYFOR MPR REVIEW

After reviewing background documentation including the NRC SER (Reference 6) and
discussing the issue with cogniz'mt PP&L personnel, MPR developed a methodology for
the independent review. The following list of questions were developed to help focus the
review.
1.

What are the Class 1E/non-Class 1E interfaces at Susquehanna, where are they
documented, and how were they identiQed?

2.

What are the criteria for determniing the need for isolation between Class
1E/non-Class 1E interfaces and iti what design document are these criteria
maintained?

3.

Where are isolation devices required, what are the functional requirements for the
isolation devices and in. what design documents are these requirements
maintained?

4.

Where isolation devices are not provided for Class 1E/non-Class 1E interfaces,
what is the basis for not providing isolation?

5.

Are computer or annunciators inputs configured such that a postulated failure
could provide the operator with misinformation or erroneous information
regarding redundant safety-related equipment?
f

6.

What changes to plant design and licensing information are necessary to close this
issue?

MPR used these questions as a guide for gathering the documentation, analyses and data
which were utilized by PP&L to address the electrical isolation issue. The methodology
for MPR's review consisted of:
1.

=Reviewing the history of the isolation issue, including the sequence
the May 1986 incident involving the emergency diesel generators;

of events of

2.

Contacting cognizant PP&L personnel;

3.

Defining MPR's concerns (relative to electrical isolation) with the sequence of
events of May 1986 (see Section 5);

4.

Reviewing applicable industr'y,codes and standards (see Section 6);

5.

Reviewing the documentation related to the PP&L follow-up evaluations of the
May 1966 incident, and
r

6.

Documenting the results and recommendations of our review (see Section 7).

'were held March
Discussions with Key PP&L personnel
8, 1994 at PP&L's ofBce in Allentown, PA. Pollowup telephone conversations were held

wit
The documentation reviewed by MPR included the PP&LJNRC correspondence listed in
Section 8, the PP&L engineering evaluation reports listed in Tables 7-1 and 7-2 of
Section 7, several PP&L Document Review forms pertairung to the PP&L reports
.
(received from
the revised FSAR, Chapter 50 of the Design Description
Manual, and the current revision of the Electrical Separation Specification E-1012.
I
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Section 5
CONCERTOS RAISED

SY THE INCIDENT

Prior to reviewing the PPZcL engineering evaluations prepared as part of the resolution.
of the isolation issue, MPR reviewed the sequence of events of the May 1986 incident.
The purpose of this review was to acquire our own perspective on the significance of the
incident with respect to the adequacy of the isolation. The following summarizes MPR's
concerns:

The shunt used in the diesel generator field circuit provided a path for
propagation of electrical faults or surges into the computer that exceed the
voltage/current withstand capabilities of the computer input cards (hereafter,
referred to as a fault). This raises the concern that the other input circuits may be
vulnerable to fault energies which exceed the design capabilities of the computer
input cards.
2.

Redundant non-Class 1E circuits that derive their inputs from redundant Class 1E
circuits without isolation share the same computer input card. This arrangement
provides for the possibility that faults generated outside the computer in either
Class 1E or non-Class 1E circuits may propagate to redundant Class 1E circuits
via a fault damaged computer input card.

3.

The arrangement described in 2 above also creates a situation in which the
operator can be provided with erroneous information concerning redundant
Class 1E circuits due to a single failure. It is unreasonable to expect the operator
not to react to such misinformation, and the consequences of this response are
impossible to foresee.

4.

Application of a fault to a single computer input can cause sufficient damage to
propagate the fault to the other circuits sharing the affected input card.

5.

Application of a fault to a single computer input can also damage other input
cards within the same chassis or cabinet.

6.

The analyses of the impact of not isolating some of the interfaces between
Class 1E and non-Class'1E circuits that were performed as part of the original
plant design may not have been sufficiently comprehensive. In particular, thereare other non-Class 1E devices (such as the annunciator system and multi-input
meters and recorders) that interface with Class 1E circuits and may be vulnerable
to the propagation of faults to redundant Class 1E circuits.
5-1

0

1h

MPR's evaluation of these concerns is covered in the discussion of results,
recommendations, and conclusions found in Section 7 of this report.

~

~
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Section 6

APPLICABLE CODES AND STANDARDS

Section 50.55a of 10CFR50 requires that protection systems (Class 1E systems) meet the
requirements set forth in IEEE Standard 279-1971. These requirements include
independence of redundant Class 1E electrical systems (power, and instrumentation and
control). Independence of Class 1E systems consists of physical separation and electrical
.isolation between redundant IE systems and between 1E and non 1E systems. NRC
Regulatory Guide 1.75 describes a method acceptable to the NRC staff for complying
with. the requirements of IEEE Standard 279-1971 for independence of Class 1E systems.
Revision 1 of Regulatory Guide 1.75 (dated January 1975) endorses, with certain
exceptions, the requirements of IEEE Standard 384-1974. SSES compliance to these
standards is addressed in Sections 3.13, 7, and 8.1.6 of the FSAR.

The construction permits for SSES Units 1 and 2 were issued in November 1973. The
operating licenses were issued in July 1982 for Unit 1 and March 1984 for Unit 2. The
NRC's Safety Evaluation Report on the Final Safety Analysis Report (FSAR) for SSES is
contained in NUREG-0776 (April 1981). The construction permits for SSES,
Units 1 and 2 were granted prior to the publication of Regulatory Guide 1.75 (Revision 0
- Februaiy 1974) and IEEE Standard 384 (first issued in 1974). Therefore, with respect
to electrical. isolation of Class 1E and non-Class 1E interfaces, the licensing basis
requirements for SSES are contained in IEEE Standard 279-1971. NRC, in their
June 28, 1991 acknowledges this licensing position.
SER,'ated

Section 4.7 of IEEE Standard 279-1971 defines requirements for control systems
(non-Class 1E) and protection systems (Class 1E) interactions. Section 4.7.2, "Isolation
Devices", states:

''The transmission of signals from protection system equipment for control system
use shall be through isolation devices'which shall be classified as part of the
protection system and shall meet all the requirements of this document. No
credible failure at the output of an isolation device shall prevent the associated
protection system channel from meeting the minimum performance requirements
specified in the design bases.
"Examples of credible failures include short circuits, open circuits, grounds, and
the application of the maximum credible ac or dc potential. A failure in an
isolation device is evaluated in the same manner as a failure of other equipment
in the protection system."

6-1
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Section 7

"

RESULTS AND RECOMMFM)ATIONS

Based on our review of the FSAR, the interfaces between Class 1E and non-Class 1E
circuits at SSES result from:
1.

Non-Class 1E control, instrumentation; and monitoring circuits connected to
Class 1E circuits supplied with the NSSS contract;

2'.

Non-Class 1E control, instrumentation, and monitoring circuits connected to
Class 1E circuits not supplied with the NSSS contract; and

3.

Non-Class 1E circuits fed from Class

IE power

supplies.

The focus of the PP&L engineering evaluations of the electrical isolation issues raised by
the May 1986 incident were centered on the plant computer and annunciator systems
(see Figure 7-1). Table 7-1 contains a list of the engineering evaluation reports prepared
to address the plant computer inputs. Table 7-2 contains a list of the engineering
evaluation reports prepared to address the annunciator inputs. The following subsections
discuss the Qndings and recommendations of MPR's review of these reports and other
relevant documentation.
7.1

Scope

of PPSL Review

In its letter dated January 14, 1988, the NRC stated that PP&L should identify "All Class
1E/Non-Class 1E instrumentation and control interfaces, where qualified isolation devices
do not exist, ...." and install "qualified isolation devices". The PP&L action plan
submitted to the NRC staff via PP&L letter dated February 22, 1988 stated that PP&L
would identify "Class 1E to low energy Non-Class 1E interfaces", review "the plant design
against the present FSAR analysis", and, where necessary, take additional actions "to
provide additional conGdence and documentation of an adequate margin of safety".
Figure 7-1 illustrates the types of-the Class 1E/non-Class 1E interfaces with the potential
for common mode failures. Based on our review, it appears that the PP&L review was
to only the Class 1E/non-Class 1E interfaces associated with the plant computer
and annunciator systems. It appears that other non-Class 1E low voltage instrumentation
and control circuits which interface with Class 1E circuits without isolation have not been
formally reviewed. These interfaces include meters, recorders and other devices which
provide the operator with information on redundant analog inputs from Class 1E systems.
The risks of failures in such devices affecting multiple Class 1E channels may be
acceptably low. However, PP&L should reach this conclusion formally, with appropriate
'imited

7-1

documentation.

MPR recommends that PP&L prepare=a summary report of the Class 1E/non-Class lE
review. This report should deQne clearly the scope of the review, provide the bases for
excluding from the review some of the Class 1E/non-Class 1E interfaces found at SSES,
identify the interfaces addressed by the review, and provide a "road map" to the various
engineering studies and evaluations prepared as part of the review.
7.2

Updated Final Safety Analysis Report

PP&L forwarded to the NRC a revision to the FSAR
which reQects the current plant design and licensing position regarding the isolation of
interfaces between Class 1E circuits and non-Class 1E circuits. Section 7 of the FSAR
addresses, in part, compliance of the safety systems supplied with the nuclear steam
supply system (NSSS) to the requirements of IEEE 279, IEEE 384, and NRC Regulatory
Guide 1.75. Sections 3.12 and 8.1.6 address; in part, compliance of the safety systems not,
supplied with the NSSS to the requirements of IEEE 384 and NRC Regulatory Guide
In its letter. dated August

19, 1991,

1.75.

,

Section 3.12 of the SSES FSAR describes the criteria used for separation of Class 1E
systems which are not part of the NSSS scope of safety systems. With regard to isolationof interfaces between Class 1E and non-Class 1E circuits, Section 3.12 addresses Main
Control Room and Relay Room Panels only. MPR recommends that PP&L revise
Section 3.12 to address isolation of the other Class 1E/non-Class 1E interfaces that exist
in the plant, for example at the remote shutdown station, diesel generator local control
panels, etc.

For the Main Control Room and Relay Panels, Sections 3.12.3.4.2.b items

3 and 4

(Rev. 44, 8/91) state:

Item

3

"All requirements for connection of control circuits between
separated divisions are accomplished with MDR relays to
provide positive isolation of the circuits.

Item

4,

"All the annunciator and computer digital inputs are

classiGed

as non-Class 1E'circuits. These circuits are not separated
f'rom the Class 1E circuits within the Class .1E panels in which
the non-Class 1E input is derived. The interface devices used
in the Class 1E circuits to develop the annunciator and
computer digital inputs are listed in Table 3.12-3. An. analysis
for each circuit in which these devices are used has shown
that a failure mode which prevents the Class 1E circuits from
meeting their minimum performance requirements does not
exist. This is based upon the application/function of the
interface devices in each individual circuit."

The Item 4 description of the Class 1E/non-Class 1E.interfaces associated with the
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computer inputs addresses digital inputs only. MPR recommends that PP&L revise
Section 3.12 to acknowledge the analog computer inputs and identify where they are
addressed within the FSAR.
7.3

Withstand Capabilities of Computer Input Cards

MPR believes that the voltage withstand capabilities of the computer input cards arid the
potential for a fault on one computer input to propagate to the circuits of adjacent cards
are important elements of the analyses of non-Class 1E computer inputs derived from
Class 1E circuits without isolation. Based on the documentation reviewed, we believe
that this aspect of the PP&L review was not addressed suKciently.
Page 8 of the justiQcation for continued operation (JCO) prepared by PP&L following
the diesel generator open Geld incident, states:

"Based on various GE specs., the analog inputs have a common mode maximum
voltage of 250 V, DC to 60Hz and a Operating Mode voltage range of -0.9 to 6.0
V. The Operating Mode limit is due to the polarized, electrolytic, 6 V capacitor
in the input circuit. Per discussion with D. Kelly and D. Woods of the Computer
Group, application of high voltage/current to a single computer input could
propagate and feed back to other inputs on the same card (as was the case with
the diesel fault) as well to inputs on the other computer cards within the same
chassis and cabinet."

Attachment 4 of the JCO is a schematic diagram of the signal conditioning input circuit
for the analog input cards. For the PP&L analyses, the maximum theoretical faultvoltages were assumed equal to 250 VDC and 120'VAC. The power rating of the
resistors and the maximum working voltage of the capacitor shown on the Attachment 4
of the JCO are insufficient to withstand these voltages. Therefore, postulated faults
could cause failure of the computer input card and propagate to input circuits which
share the card. We recommend that PP&L document the withstand capabilities of the
computer input cards; any differences between the analog input cards and the digital
input cards should be delineated. We consider that the effects of postulated faults
involving 120 VAC; 125 VDC and 250 VDC have not been addressed adequately by

PP&L
7A

Arrangement of Computer Inputs

PP&L investigations of the diesel generator incident found that the non-Class 1E
computer input circuits associated with the four diesel generator Geld circuits shared the
same computer input card. As a result, the failed input card provided a common
connection between the redundant Class 1E diesel generators. MPR believes that having
computer inputs that are derived from redundant Class 1E circuits without isolation and
share the same input cards represents poor design practice because it provides a
common point from which faults can propagate to redundant Class 1E circuits. We also
believe that it creates the possibility for a single failure (a fault which damages an input
card) to provide the operator with'erroneous information regarding redundant Class 1E
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circuits. We recommend that a review of the arrangement of these computer inputs be
made as part of the computer replacement project. The goal for this review would be to
develop a cost effective plan for rearranging the inputs in such a way that the likelihood
of a fault at one input card to affect input from redundant Class 1E circuits is minimized.
7.5

Computer Analog Inputs Derived From CTs

Engineering evaluation report SEA-EE-181 (Revision 1, Januaxy 2, 1990) addresses
analog inputs derived from current transformers (CI's). Two types of technical
justifications are used in SEA-EE-181 to demonstrate that an open CI'econdary voltage
will not affect the functions performed by Class 1E circuits with inputs to the computer.
These technical justiQcations are discussed below.

The Qrst type of technical justiQcation applies to circuits with a combination of
Westinghouse RCI'-5, RCI'-15, or GE 18,000/5 CI"s with GE type 4701 and 4722
series transducers. The rationale is that the transducers will not fail, that the open
CT secondary voltage will, therefore, not be applied to the computer input card
and the other circuits connected to the same computer card or chassis will not be
affected by the fault. The statement that the transducers will not fail is based on
the assessment that the total dielectric strength of the insulation separating the
conductors of the primary and secondary windings of the transducers should
theoretically still exceed 3700 Vpeak after 8 hours of exposure to high AC voltage
pulses. This theoretical dielectric strength of the transducer has not been
demonstrated by tests.
The test data available indicate a voltage withstand capability greater than
1500
and 2600
over one minute for the 4722 and 4701 transducers,
respectively (manufacturer tests), and a voltage withstand capability greater than
3700 Vpeak over several seconds for a 4722 transducer (PP&L tests). The several
seconds of PP&L test data were compiled by utilizing the same transducer in
several tests, each lasting only ten 60Hz cycles. We believe these data (the test
data plus the experimental data) collectively are insufficient to demonstrate that
the transducers will withstand a continuous sequence of 3700 V pulses over an 8 .
hour period. In addition, no mention is made in the PP&L report of the GE 4723
and 4724 transducers used in some circuits with the Westinghouse CI's.

V~

V~

It is recommended that PP&L perform additional

tests on a representative sample

of 4701, 4722, 4723, and 4724 transducers to support the conclusion that the
transducers will actually prevent the open secondary CI'oltages from being.
applied to the computer input cards. The applied test voltages should preferably
be high voltage pulses rather than sine waves to account for the energy differences
between the two types of conditions.
2.

For circuits with multi-ratio McGraw CI"s, SEA-EE-181 states that the open Cl
secondary voltages could exceed the dielectric strength of the transducers and that
this voltage could, therefore, be impressed on the computer input cards. For
these circuits, the rationale is essentially that, even if the open CT secondary
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voltage were to reach a computer input circuit derived from a Class lE circuit and
connected to the same input card or chassis as the circuit with the failed CT, the
functions of the Class 1E circuit would not be affected to the point that its
performance requirements could not be met. As long as the interface between
the Class 1E circuit and the computer card is through a CT or a PT, it is
reasonable to assume that the Class 1E circuit itself will not be degraded by the
open CI'econdary voltage. However, it is not clear, from the circuit descriptions
included in Appendix C of the report, that the control and monitoring functions
for the Class 1E circuit supported by the same CI"s or PT's would not be
affected. This is a concern since the May 1986 incident was the result of a fault
af'fecting control and monitoring functions. It is recommended, therefore, that
PP&L review the control functions supported by the CI'nd PT circuits connected
to the same computer input cards or chassis as the circuits with McGraw CI"s and
determine if postulated faults could have adverse effects on the Class 1E control
or monitoring functions of these circuits:

With regard to the GE 40,000/5 CI"s, PP&L concluded that an open secondary voltage
may exceed the insulation capabilities of the transducers used derive computer inputs.
As a result, PP&L decided to install Thyrite protective devices across the secondaries of
these CT's. We believe that the installation of CT circuit protection devices on the
circuits with GE 40,000/5 CT's should limit the open CI'econdary voltages on'these
circuits and address adequately the potential for these CT's to propagate high energy
fault to the computer.
7.6

Computer Analog Inputs Derived From PTs

The PP&L engineering evaluation report SEA-EE-182 (Revision 0, August 17, 1989)
addresses the possibility of high voltages due to the failure of potential transformers
(PTs) to propagate to the plant computer. Based on the physical characteristics of the
PTs, including the'electrical insulation system, PP&L concluded that the PTs will not fail
in a manner to produce high voltages on the secondary circuits of PTs (location of
transducers providing inputs to the plant computer)., We'onsider the PP&L analysis is
sound. We also believe that the conclusion could be further strengthened by
incorporating relevant operating experience of SSES and the industry.
7.7

Computer Analog Inputs - Main Turbine Generator Field

Engineering evaluation report SEA-EE-204 (Revision 0, October 31, 1989) addresses the
computer input circuits associated with the main turbine generator field circuit. The
report evaluates the potential for faults in the main turbine generator field circuit to
propagate to the plant computer. The computer input circuits associated with the main
turbine generator field are derived from transducers co'nnected to shunts in the field
circuit. Based on a review of the manufacturers'ocumentation for the transducer,
PP&L concluded that the transducers are designed to isolate the transducer output from
the exciter circuit input. We concur with this conclusion.
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7.8

Computer Inputs - NSSS

PP&L engineering evaluation report (SEA-EE-180, November 2, 1989) addresses the
computer inputs derived from Class 1E/non-Class 1E inputs interfaces associated with the
safety systems provided by General Electric along with the Nuclear Steam Supply System.
In its SER, the NRC staff concluded "that the analysis to demonstrate that the GE NSSS
scope of equipment addressed by SEA-EE-180 c'onforms to the requirements of IEEE
279-1971 is not acceptable." The NRC staff indicated-that it "is continuing to review the
GE generic program, has discussed the review with GE, and is preparing a Qnal position
for issue." The staff acknowledged that this issue is not unique to SSES and is generic to
BWR plants of the same vintage. The NRC agreed to defer taking action at SSES until
the issue is resolved generically. We believe that some of the options for resolving this
issue may require significant plant modiGcations. Therefore, we recommend that PP&L
play an active role in any NRC or BWR Owners'roup initiatives related to this issue.
7.9

Computer Analog Inputs - Other

Engineering evaluation report SEA-EE-221 (Revision 0, January 3, 1990) addresses
analog inputs derived from Class 1E circuits that were not addressed by other
engineering evaluation reports; speciQcally, inputs derived from current transformers
(SEA-EE-181), potential'transformers (SEA-EE-182), and the neutron monitoring system
and process radiation monitoring system (SEA-EE-180). SEA-EE-221 categorizes these
inputs into the following three groups.
1.

Computer inputs developed through one of the following electrical isolation
devices:
~

~
~

BaBey Type 740 MillivoltConvertor,'
TEC Model 156 Isolator,
Gam'ma-Metrics Isolator - PL000244-001, and
Action Isolator AP4300.

2.

Computer inputs derived from instruments which are part of the reactor coolant
system pressure boundary and whose only safety function is to maintain the
integrity of that pressure boundary;

3.

Computer inputs developed from Class 1E RTDs

Engineering evaluation report SEA-JNPE-150 addresses, in part, the isolation capabilities
of the Bailey Type 740 MillivoltConvertor and the TEC Model 156 Isolator. Gamma- .
.Metrics Isolator - PL000244-001 and the Action Isolator AP4300 devices are not covered
by SEA-JNPE-150. We believe that the reference to the documentation which supports
the adequacy of these devices should be provided.

With regard to the evaluation of the Class 1E RTDs, PP&L concluded that "impressed
voltages on the computer input elements could cause these PTD] elements to open" and
"impressed voltages on the computer input RTD elements do not prevent the other RTD
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elements from meeting their minimum performance requirements". PP&L should clarify
that the postulated failure of an RTD element will not prevent accomplishment of the
safety function with which it is associated.

Computer Inputs - Digital

7.10

PP&L engineering reports SEA-EE-183 (Revision 2, September 13, 1991) and SEA-EE226 (Revision 1, May 3, 1990) address the digital inputs (contact device) into the
computer.
4

In its SER dated June 28, 1991, the NRC staff provides an evaluation of an earlier
revision to this document. The SER states:
"Appendix D of the analysis [SEA-EE-183] shows that for certain switches
(Westinghouse MOC auxiliary switches and NAMCO limit switches) that the cable
conductors connecting the contacts to the computer will melt open before the
contacts weld and therefore do not need to be considered. The staff discussed
this issue, with the licensee by telephone conference on February 8, 1991. The
licensee stated that it had reevaluated this position. The licensee will install
approximately 38 qualiQed isolation devices in lieu of relying upon cable melts to
maintain isolation. This commitment which was documented in a licensee letter
dated April 26, 1991, is acceptable to the stafL"
Revision 2 of SEA-EE-183 does not address the installation of the 38 qualiQed isolation
devices. In a letter to the NRC dated April 26, 1991, PP&L deQned the bases for
reevaluating its original position. PP&L also described the plant modiGcations which
would be made in lieu of installing isolation devices for all 38 switches. The revised
PP&L evaluation reports were forwarded to the NRC on November 14, 1991. We
consider that the differences between the resolution stated in the SER and the current
position are documented adequately to preclude any misunderstanding on this matte'r
between NRC staff and PP&L
7.11

Annunciator'nputs

May 3, 1990) and SEA-EE-231
(Revision 2, February 5, 1992) address the digital inputs (contact device) into the
annunciator system. The methodology used in this evaluation is similar to the
methodology used for evaluating the computer digital inputs. We concur with PP&L's
evaluation in this case.

PP&L engineering reports SEA-EE-184 (Revision

7.12

1,

Specification E1012

The purpose of PP&L Specification E-1012, Electrical Separation Criteria, is to describe
the electrical separation and isolation criteria for the electrical equipment and the
instrumentation and controls provided by Bechtel and General Electric (GE). The
speciQcation also covers the Bechtel-GE. interfaces. SpeciGcation Change Notice 3
incorporates the recommendations for isolation of computer and annunciator inputs
7-7

derived from Class 1E circuits included in the various "SEA" reports prepared as part of
the re-evaluation of the electrical isolation. We understand that PP&L intends to revise
this speciQcation in the fourth quarter of 1994. The purpose of this revision will be to
incorporate the results of the PP&L isolation evaluations and improve the organization
and clarity of the speciQcation. We recommend that PP&L deQne and adopt a rigorous
set of terminology for the revised speciQcation that distinguishes between electrical
isolation and physical separation.
7.13

Conclusions

In the course of performing this independent review, MPR reviewed the sequence of
events associated with the May 1986 emergency diesel generator incident, identiQed a list
of concerns related.to the adequacy of electrical isolation and the potential for common
mode failures, and reviewed the documentation related to PP&L's evaluation of the
isolation issue. With regard to MPR's concerns (listed in Section 5) and our'review. of
the documentation, MPR concludes that:
1)

Disconnection of the computer input circuits from the shunts within the
emergency diesel generator Qeld'.circuits eliminated the possibility of a recurrence
of the May 1986 sequence of events;

2)

The requirements of IEEE 279-1974 specify isolation devices for the interfaces
between Class 1E.and non-Class 1E circuits. Requirements for isolation devices
for all such interfaces were not part of the original plant design for SSES. PP&L's
evaluation of the impact of nest isolating some of the interfaces between Class 1E
and non-Class 1E circuits was limited to the inputs to the plant computer and
overhead annunciator systems. The bases for limiting the scope of the PP&L
efforts to the computer and annunciator and not addressing other devices with
multiple inputs derived from redundant Class 1E circuits without isolation were
not documented by PP&I„

3)

PP&L has performed extensive evaluations of the plant computer and annunciator
inputs to determine if postulated failures could prevent the Class 1E systems from
meeting their minimum performance requirements. As discussed in the preceding
subsections, we consider that some additional effort is warranted to resolve these
issues fully;

4)

The resolution for the computer inputs derived from Class 1E circuits supplied
with the nuclear steam supply system is an open issue. The NRC agrees with
PP&L that this issue is generic to BWR plants of the same vintage. The NRC
agreed to defer taking action at SSES until the issue is resolved generically;

5)

There are a number of computer inputs that are derived from redundant Class 1E
circuits without isolation and share the same computer input card. This creates
the possibility for a single failure (a fault which damages an input card or a
ground) to affect redundant Class 1E circuits or provide the operator with
erroneous information regarding redundant Class 1E circuits. The effects of fault
7-8

propagation have been evaluated by PP&L Our conclusions concerning the
completeness of these evaluations are discussed in item 3, above. The impact of
failures providing erroneous information to the operator was not addressed by the
PP&L evaluations.
6)

A summary report of the

Class 1E/non-Class 1E evaluations should be prepared
by PP&L This report should deQne clearly the scope of the review, provide the
bases for excluding from the review some of the Class IE/non-Class IE interfaces
found at SSES, identify the interfaces addressed by the review, and provide a

"road map" to the various engineering evaluations prepared as part of the review.
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Table 7-2

PP&L Reports That Address Annunciator Inputs

SEA-EE-184

"Evaluation of Unit 1 Annunciator Class 1E-non Class 1E
Interfaces"

SEA-EE-231

"Evaluation of Welded Contacts of Class 1E Circuit Breaker
Auxiliary Switches and Limit Switches used for Unit 2 and
Common Annunciator Inputs"
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Figure 7-1 Overview of Electrical Isolation Issue
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