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ABSTRACT

In order to reduce the potential for spurious actuation, thereby increasing plant availability,
a methed has been developed to enable testing of the Reactor Trip System (RTS) and the
Engineered Safety Features Actuation System (ESFAS) channels in the bypass condition as
opposed to the “tripped” condition. With a channel in the tripped condition, a second
comparator trip in a redundant channel caused by human error, spurious transient, or channel
failure will initiate a reactor trip or safeguards actuation. With the Bypass Test
Instrumentation (BTI), this spurious reactor trip or safeguards actuation will be avoided, and
plant availzbility will increase. A decrease in the number of reactor trips and safeguards
actuation will also reduce the challenges to the Reactor Protection System (RPS) and avoid
the transients associated with reactor trips and safeguards actuation. Bypass circuitry is
being provided for NIS reactor trip functions, 7300 Process Protection System (PPS) reactor
trip functions, ESF functions, turbine runback functions, and various field contact inputs to
the Solid State Protection System (SSPS) such as Reactor Coolant Pump (RCP) Undervoltage
(UV) and Underfrequency (UF) and turbine auto stop oil pressure.

Various aspects of the BTI installation are addressed in this report. These aspects include
a demonstration of the functionality of the BTI hardware, the design features which enable
the BTI 1o conform to prior Nuclear Regulatory Commission (NRC) guidance governing
testing in bypass, and the design features of the BTI that enable it to be in accordance with
licensing requirements. In addition, recommended administrative controls including changes
to the Technical Specifications (TS) is discussed.
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1.0 INTRODUCTION

The Reactor Trip System (RTS) and Engineered Safety Features Actuation System (ESFAS)
utilize one-out-of-two, two-out-of-three and two-out-of-four coincidence logic from redundant
channels to initiate protective actions. Within these systems, most analog channel
comparators, with the exception of the Nuclear Instrumentation System (NIS) one-out-of-two
functions, are placed in the "tripped” condition for channel testing or in response to a
channel being out of service. With this test methodology, a redundant channel cannot be
maintained or tested without an increase in the potential for an unnecessary reactor trip or
safeguards actuation due to a second comparator trip in a redundant channel caused by
human error, spurious transient, or channel failure. At Vogtle Units 1 & 2, these concerns
are applicable to the 7300 Process Protection System (PPS), the NIS, various field contact
inputs to the Solid State Protection System (SSPS) such as reactor coolant pump undervoltage
and underirequency, and Balance of Plant (BOP) functions such as the turbine auto stop oil
pressure.

The benefits that will be seen from the installation of the BTI at Vogtle are as follows:

. Analog channel on-line surveillance testing can be performed with the comparator
outputs bypassed, rather than tripped, thus reducing the potential for unnecessary
reactor trips or safeguards actuation due to a failure or transient in a redundant
channel.

. Surveillance testing can be easily performed on an active channel, in the presence
of an existing failure which caused a redundant channel to be declared inoperable,
thus reducing the likelihood of forced plant outages due to inoperable channels.
In this case the failed channe] could be placed in the bypass condition.

. Equipment can be easily repaired or replaced with a single channe! of a reactor trip
function bypassed.

. The BTI equipment is integral to the existing racks, thus eliminating the need for
portable test equipment.
This licensing report provides the licensing basis for the BTI for Georgia Power Company,
Vogtle Units 1 & 2. It is structured into five parts, as follows:

1. An introduction of the concept of the BTI and its purpose.

2. A brief background of the issue of bypass testing and prior regulatory
positions on this subject.

3. A detailed description of the design of each of the bypass panels with

1



figures to illustrate how the panels operate. |

]a, c

4. A discussion of how the BTI conforms to all of the applicable regulatory

criteria. These criteria include the General Design Criteria (GDC),
Regulatory Guides (RG), and Institute of Electrical and Electronics
Engineers Standards (IEEE).

5. A conclusion of the report.



2.0 BACKGROUND

In response to a concern over the impact on plant operations of the testing and maintenance
requirements in Technical Specifications (TS), the Westinghouse Owners Group (WOG)
initiated a program to develop a methodology to justify revising the TS, whereby optimum
surveillance and maintenance requirements could be established. In addressing these and
related concerns. WCAP-10271 and Sapplements 1 and 2, "Evaluation of Surveillance
Frequencies and Out of Service Times for the Reactor Protection Instrumentation System,”
established the following optimized RTS and ESFAS TS surveillance and maintenance

provisions:

® Increase in surveillance intervals for reactor trip and engineered safety features
analog channels from once a month to once a quarter.

® Increase the time for an inoperable channel to be in an untripped condition
from one to six hours.

® Increase the time for an inoperable channel to be bypassed to allow testing of
another channel of *he same function, from two to four hours.

® Routinely allow testing of analog RTS and ESFAS channels in a bypassed
condition instead of . tripped condition.

These modifications to the TS surveillance requirements will result in a reduction in the
number of inadvertent reactor trips and safeguards actuations which occur during testing.
Testing in bypass eliminates the partial trip condition that would have been present for all
reactor trip and ESFAS functions.

The Safety Evaluation Reports (SERs), issued in February 1985 (Reactor Protection System)
and in February 1989 (Engineered Safety Features), on WCAP-10271 impose the conditions
that the use of temporary jumpers or the lifting of leads is unacceptable in performing a
bypass of a channel for routine surveillance.

Following NRC acceptance of this concept for the RTS, WCAP-11368, "Generic Methods
and Circuit Designs for Testing Analog Protection Channels in Bypass,” was issued to the
WOG in January 1987. [

]!,C



3.0 DETAILED DESIGN DESCRIPTION

3.1 NIS Bypass Panel




3.2 7300 NSSS Bypass Panel
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3.3 RCP Bypass Panel

3.4 7300 BOP Bypass Panel

a, cC
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3.5 Fault Conditions

A fault condition can be described as an overcurrent or overvoltage condition that could
possibly damage the BTI panels and prevent them from working or disrupt the protection
circuits downstream. Any possible overvoltage or overcurrent condition will be protected
by a breaker to prevent circuit board damage. The breaker status is monitored by the same
LED that indicates that the bypass panel is enabled. This LED will not light if the breaker
is tripped. Since this LED is also the indication that the panel is enabled, if this LED is not
lit, due to a lack of power to the bypass panel, the bypass panel will not allow any function
to go into bypass. This will prevent a channel being placed into bypass with no bypass
signal available.

Another concern is that a fault in the bypass panel could propagate downstream and damage
other protection circuitry. Each bypass panel is separated by protection set and, therefore,
a single fault in a bypass panel would not cause a problem in redundant channels. The par
of the BTI panels that are non-Class 1E are isolated from Class 1E circuit® Oy qualified
isolators. Therefore, there is no possibility that a control system fault could propagate to all
the bypass panels and simultaneously adversely affect all protection sets. Section 423
discusses the isolation and separation of the Class 1E and non-Class 1E equipment in the
bypass panels. The bypass panel is protected by a circuit breaker 1o prevent damage to the
panel.

All parts used in bypassing are mechanical or electro-mechanical and will perform for at
least 50,000 operations (based on manufacturers’ reports) under normal operating conditions.



1.6 Failure Detection
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Annunciation

-

.10 Operator Actions




3.11 Equipment Qualification







4.0 LICENSING CONFORMANCI

Protection From Natural Phenomena




4.1.2 GDC 19 - Control Room

Protection System Functions

System Keliability and Testability
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4.1.5 GDC 22 - Protection System I

4.1.6 GDC 23 - Protection System Failure Modes
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[EEE 338-1975 - IEEE Standard Criteria for the Periodic Testir
Power Generatung Station Class 1E Power and Protection Systems

[EEE 323-1974 - [EEE Standard for Qualifying Class 1E Equipment for Nuclear

Power Generating Stations

4.3.1 IEEE Std 279-1971

[EEE Std. 279-1971 has several sections which are applicable to the BTI installatior

Vogtle. The sections that are applicable are as follows

Section 4.2 - Single Failure Criterion

This section requires that any single failure in the protection sysiem shall not prevent proper
protective acuon at the system level when required. A discussion of possible fault conditions
and failure detection of the BTI are presented in Sections 3.5 and 3.6, respectively
Any postulated failure in the bypass panels that would inadvertently cause the channe! in
yypass to trip are failures in a safe direction and will not be discussed here. Failures in the

4
bypass panels that need to be addressed are those that could possibly

Cause a channel to go into the bypass condition inadvertently

Cause a channel to fail to come out of the bypass condition
indicating that it has

for more than one redundant protection set to be in bypass at the same time. For example
for a two-out-of-three logic circuit, with two channels bypassed, a reactor trip will not be
generated. For a channel to go into bypass inadvertently, the contact that is associated witt
the keylock switch would have to spuriously close. For a channel to fail to come out of
bypass while indicating that it has returned to normal, one contact would have to stick closed
in the relay as™~ciated with the keylock switch. These failures would all be detected by the
Technical Specification Channel Calibration which cannot be performed entirely in bypass

All of these types of failures could cause the same result. That is, the possibility could exist

Thus. there is no credible single failure of the BT that could result in the protection system
being degraded to the point of being unable to perform its intended safety function




~
~

Section 4.3 - Quality of Components

'S section requires that components and modules be of a high quality. The
1 in the BTI are of a quality consistent with minimum maintenance requirements
fature rates. The quality of components used in the BTI will be
ymponents used in the protection system. All of the components are mechanic:
hanical and are reliable through 2t least 50,000 operations (based

reports) under normal operating conditions

2¢cuon 4.4 - Equipment Qualificatior

This section requires that type test data or reasonable engineering extrapolation based on test
jata be avaable to verify that protection system equipment shall meet the performance
requirements. An engineering test was conducted to verify that the bypass panels that are

Class 1E instrument cabinets will not go into one of the failure modes identified
thr;ng a seismuc event. This test was run to show structural integrity and electrical isolation
A complete discussion of the equipment qualification and conformance to this standard of the
BTI 1s found in Section 3.11

Section 4.7 - Control and Protection System Interaction

This section covers the topic of control and protecuon system interaction. There are twi
sources of possible control and protectuon interacton. One is the interface between the

bypass panels and the control grade annunciators. The second is the Class 1E and non Clas:
IE in the NIS cabinets

The other concemn is that a fauit in the bypass pancl could propagate downstream and damage
other protection circuitry. Each bypass pane! is separated by protection set and, therefore
a single fault in a bypass panel would not cause a problem in redundant channels. The par
f the BTI panels that are non-Class 1E are isclated from Class 1E circuits by qualifie
olators. Therefore, there is no possibility that a control system fault could propagate to al

3

= bypass panels and simultaneously adversely affect all protection sets

\cparamm requirements are maintamned in the NIS bypass panels through physical se eparatior
n the bottom lid of the bypass panel of 6 inches between safety and non-safety 118 VA(
Tn: circult board maintains this required separation by placing a ground layer between the
safety and non-safety 118 VAC circuits. Separation is not required in the other bypass

panels because there is either all safety or all non-safety circuits in the other panels




Section 4.11 - Channel Bypass or Removal from Operation

The implementation of the BTI for testing at Vogtle will not affect the compliance of the
protection system to this section. When one channel is bypassed for test, there will still be
sufficient channels available to trip the reactor or initiate safeguards. The protection system
will continue to conform to this section.

Section 4.13 - Indication of Bypasses

This section requires that for a protective function that has been deliberately bypassed,
indication/annunciation of this fact must be continuously displayed in the control room. The
design of the BTI at Vogtle provides an annunciator in the control room when the bypass
panel is energized, i.e. the keylock switch is turned from "NORMAL" to "BYPASS
ENABLE". There are available contacts for these annunciators for each bypass panel (i.e
each protection set) as part of this upgrade.

Section 4.14 - Access to Means for Bypassing

This section requires that the BTI design shall permit administrative control of the means for
bypassing channels or protective functions. The design of the BT installed at Vogtle permits
putting a channel in bypass only with the keylock switch. By asserting proper administrative
control over the distribution of the keys, administrative control can be effective with the BTI.

Section 4.20 - Information Read-out

This section requires that the protection system be designed to provide the operator with
information pertaining to its own status and the status of the plant. Section 3.9 discusses the
annunciator features of the BTI and conformance to this section.

4.3.2 - IEEE Std 379-1972

IEEE Std 379-1972 describes the application of the single failure Criterion to the protection
system. The most limiting single failure would be one that would cause a channel to remain
in bypass while indicating to the technician and the control room operator that the channel
has been removed from bypass. Another redundant channel could then be placed in bypass
and there would be two redundant channels in bypass simultancously. A failure of any
component on the bypass panels that accidentally causes the channel to trip is a failure in the
conservative direction and would not be a degradation to nuclear safety. There is no single
failure that could accidentally put a channel of the protection system into the bypass
condition. Power is provided to the bypass panel only when the circuit breaker is closed and
the keylock switch is turned from "NORMAL" to "BYPASS ENABLE". No single failure

20



could inadvertently provide power to the bypass panel. See Section 4.2 for further
discussion of compliance to this standard.

4.3.3 - IEEE Std 384-1974

IEEE Std 384-1974 describes the separation requirements for Class 1E circuits and
equipment. These separation requirements are for instances where Class 1E and non-Class
1E equipment is located within close proximity to one another. The information provided
in this standard and in Regulatory Guide 1.75 are similar and also support separation
requirements found in IEEE Std 279-1971 and ar- discussed in Section 4.3.1.

4.2.4 - IEEE Std 344-1975
IEEE Std 344-1975 describes the recommended practices for performing seismic qualification
of Class 1E equipment. The BTI, since it is being installed in Class 1E instrument racks,

must be shown to be seismically qualified. Section 3.11 discusses in detail the seismic
qualification and conformance of the BTI for Vogtle.

4.3.5 - IEEE Std 323-1974
IEEE Std 323-1974 describes the requirements for qualifying Class 1E equipment for nuclear

power plants. All components being used in the BTI has been previously qualified. Section
3.11 discusses in detail the equipment qualification and conformance of the BTI.

21



FUNCTION

Loss of Flow Reactor Trip (each loop)
Overtemperature Delta-T Reactor Trip

Overpower Delta-T Reactor Trip

Overtemperature Delta-T Turbine Runback C-3

Overpower Delta-T Turbine Runback C-4
**] ow-Low T-Average (P-12)

Low T-Average Feedwater Isolation
Pressurizer Pressure - Low - Reactor Trip
Pressurizer Pressure - High - Reactor Trip
Pressurizer Pressure - Low - Safety Injection
Pressurizer Pressure - P-11

**Pressurizer Pressure - Low - PORV
Interlock

Pressurizer Level - High - Reactor Trip
Steam Generator Level - Low Low - Reactor
Trip and Auxiliary Feedwater Actuation
(each loop)

Steam Generator Level - High High -
Turbine Trip and Feedwater Isolation

(each loop) (P-14)

Steamline Pressure - Low - Safety Injection

22
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and Steamline Isolation (each loop)
TABLE 1 (CONT.)
7300 PPS COMPARATORS TO BE BYPASSED

PROTECTION SET

FUNCTION I 0 mw
Steamline Pressure Rate - Hizh - Steamline 4 4 2 2
Isolation (each loop)

Turbine Impulse Chamber Pressure 1 1 - -
(P-13) (input to P-7)

Containment Pressure - High-1 - Safety - 1 1 1
Injection

Containment Pressure - High-2 - -1 1 1
Steamline Isolation

RWST Level - Low Low - Interlock 1 1 1 1
and Alarm

**RWST Level - Low - Interlock Tt 1 1 1
and Alarm

Containment Pressure - High-3 - 1 1 1 1
Spray Actuation

*RCS Cold Overpressure 1 1 - -

* This function is not found in the Vogtle TS Table 4.3-1, but it is in Section
3/449 of the TS

** This function is not found in the Vogtle TS Table 4.3-1



TABLE 2

NIS COMPARATORS TO BE BYPASSED
PROTECTION SET
FUNCTION I 0 1w

Source Range - High Flux - Reactor Trip 1 1 - -
Source Range - High Flux - Block High 1 1 - -
Voltage

Source Range - High Flux - Trip Block 1 1 - -
High Flux at Shutdown Alarm 1 1 - -

Intermediate Range - High Flux - Reactor Tmp 1 1 - -

Intermediate Range - High Flux - TripBlock 1 1 - -

Intermediate Range - Rod Stop 1 1 - -

Intermediate Range - P-6 Permissive 11 - -

Power Range - High Flux Reactor Trip 1 1 1 1
(Low setpoint)

Power Range - High Flux Reactor Trip 1 1 1 1
(High setpoint)

Power Range - Overpower Rod Stop C-2 1 1 1 1

Power Range - P-10 Permissive 1 1 1 1
Power Range - P-8 Permissive 1 1 1 1
Power Range - P-9 Permissive 1 & 1 1
Positive Rate Reactor Trip 1 1 1 1

24



TABLE 3

SSPS FIELD CONTACTS/BOP FUNCTIONS TO BE BYPASSED

FUNCTION

Reactor Coolant Pump Undervoltage
Reactor Trip

Reactor Coolant Pump Underfrequency
Reactor Trip

Turbine Oil Pressure - Low
Reactor Trip

PROTECTION SET

1

o mIv
1 1 1
.+ .1
1 1 -



CONCLUSION

Various aspects of the Bypass Test Instrumentation (BTI) installation are addressed by this
report. These aspects include a demonstration of the functionality of the BTI hardware, the
design features which enable the BTI to conform to prior NRC rules governing Testing in
Bypass, and the design features of the BTI that enable it to operate in accordance with
licensing requirements.

This report has compared the design features of the BTI with the applicable
licensing/regulatory criteria and has shown how the BTI conforms to these criteria. The BTI
conforms to the applicable GDCs, Regulatory Guides, and IEEE Standards. The BTI can
be used to reduce the potential for spurious actuation of the RTS and ESFAS, thereby
increasing plant availability while still ensuring that the protection systems of the plant are
capable of performing their function in accordance with applicable licensing criteria.
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FIGURE 1

NIS BYPASS PANEL DIAGRAM
(DE—ENERGIZE TO TRIP CIRCUIT)



FIGURE 2 SHEET 1 OF 3

7300 NSSS/BOP PANEL DIAGRAM TYPE 1
(DE—ENERGIZE TO TRIP CIRCUIT)



FIGURE 2 SHEET 2 OF 3

7300 NSSS/BOP PANEL DIAGRAM TYPE 2
(ENERGIZE TO TRIP CIRCUIT)



FIGURE 2 SHEET 3 OF 3

7300 NSSS/BOP PANEL DIAGRAM TYPE 3
(118 VAC DE—ENERGIZE TO TRIP CIRCUIT)
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FIGURE 3
RCP SWITCHGEAR BYPASS DIAGRAM
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