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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20666-0001

December 15, 1993

MEMORANDUM FOR: Bruce A. Boger, Director
Division of Reactor Controls
and Human Factors

Jared S. Wermiel, Chief
Instrumentation and Controls Branch
Division of Reactor Controls

and Human Factors

SUBJECT: MEETING WITH THE BOILING WATER REACTOR OWNERS GROUP
RESPONSE TIME TESTING COMMITTEE

A meeting was held with members of the Boiling Water Reactor Owners Group
(BWROG) Response Time Testing (RTT) Committee at 1:00 PM on December 6, 1993,
to discuss the submission of Licensing Topical Report NEDO-32291, "System
Analyses for the Elimination of Selected Response Time Testing Requirements,"
and the future staff review of that report. In the topical report, the BWROG
proposes the elimination of RTT for selected components of safety-related
instrumentation and control systems. The BWROG Response Time Testing
Committee previously submitted a similar topical report on the elimination of
selected RTT requirements, NEDC-32013P. The previous report was the subject

of a staff Safety Evaluation Report (SER) dated August 19, 1993, and was not
accepted as written.

This meeting was also attended by members of the Westinghouse Owners Group.
Enclosure 1 is a list of attendees.

A presentation was made by the BWROG explaining the differences between NEDO-
32291 and NEDC-32013P, and how the issues raised during the October 5, 1993
meeting with the staff were addressed. This presentation included a handout
explaining where the various staff questions and comments on the previous
topical report were addressed by the BWROG in the new topical report. This
handout is Enclosure 2 to this memo.

A draft copy of the Licensing Topical Report NEDO-32291 was provided, and a
brief explanation of the organization and contents of the draft was made. It
was noted that the disclaimer on the topical report has been modified since
the last submission. The BWROG said they performed an analysis which compared
the Chapter 15 design basis accident analysis assumption for safety system
actuation time to actual response times of instrumentation loop components.
The BWROG showed that for design basis accidents analyzed on a realistic
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basis, the possible addition of 3-5 seconds in response time would have no
safety significance. The 3-5 second time came from a survey of instrument
technicians, in which 85% of the technicians stated that they would notice a 5
second delay in response time while calibrating the sensors. The BWROG also
stated that they had improved the Failure Modes and Effects Analysis. The
draft copy of the submittal is Enclosure 3 to this memo. The BWROG stated
they expected to formally submit the topical report in mid January 1994.

The Westinghouse Owners Group (WOG) also made a presentation on their future
submission of a similar topical report. Slides on this presentation are
provided as Enclosure 4. The WOG indicated they would be submitting their
topical report in January 1994.

The BWROG requested an expedited staff review of their topical report. It was
agreed that a preliminary review of the draft submittal would be done, and
discussed in a telephone call on December 9, 1993. The BWROG also stated they
would appreciate a one month review cycle of the topical report once it is
submitted in final format. The staff agreed to review the topical promptly
and to treat it as a cost-beneficial licensing action.

Original signed by Jerry L. Mauck for:
Jared S. Wermiel, Chief
Instrumentation and Controls Branch
Division of Reactor Controls

and Human Factors

cc: Meeting Attendees (with enclosure 1 only)

Enclosures:

1. List of Attendees

2. Response to Eight Topics

3. Draft Licensing Topical Report NEDO-32291, "System Analyses for the
Elimination of Selected Response Time Testing Requirements"

4. WOG Meeting Slides
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Enclosure 2
n Eigh cific Topics Listed in NRC SE
1 Purpose and goals of RTT ?

From Section 2. "The purpose of these tests is lo ensure that changes in response time
beyond acceptable limits assumed in safety analyses are detected. It is not necessary 1o
demonstrate that the response time design value is met."”

Appendix J provides a discussion of the response times (selected for elimination) assumed
in safety analyses for the limiting design basis events and an evaluation of their safety
sionificance including the sensitivity of response time delays in the order of 3 to 5 seconds.

2. Information gained from RTT ?

From Section 2. "The instrumentation response time tests provide measurement of
specific sensor, trip unit and/or loop response time."

3 How is information used ?

From Section 2. "The information is compared to Technical Specification requirements
1o demonstrate that the specified performance is met. Operational history has shown that
degradation of instrumentation response times beyond acceptable limits are being
detected during the performance of calibrations and other surveillance tests. The
performance of conventional response time tests has proven to be of little value in
assuring that instrumentation will perform as required. The majority of allowable
instrumentation response times are much longer than instrument circuits require for
signal processing jrom sensor input 1o final output signal. Additionally, the instrument
response time is insignificar: compared to safety system actuc.tion times."

4 If RTT is eliminated, what tests would replace ant still provide above
information?

Section S provides a description of selected response time tests to be eliminated.

Section 6 provides a discussion of the current instrumentation testing being performed, the
frequency at which the activity is presently performed and the advantages over
conventional response time testing No new tests are required.

5 How would information from (4) be used ?

As stated in Section 5 item (4) above, tests would verify that circuit performance is well
within allowable limits. If the response time should degrade to as much as 3 to 5 seconds,
this degradation would with reasonable assurance be detected during periodic surveillance
tests discussed in Section 6.



Response to Eight ifi ics Listed in NR
6 Frequency of replacement tests ?

The frequency of replacement tests is discussed in Section 6 and graphically shown in
Figure 6.1

7 Application of Maintenance Rule effect on maintenance and calibration
methodology ?

As stated in Section 2, "The proposed elimination of selected RTTs is consistent with the
current Maintenance Rule implementation. The Maintenance Rule is performance based
and permits specific instrumentation monitoring or calibration methodology to be set by
the licensee based on: 1) safety significance of the instrumentation; and 2) whether
performance or condition of instrumentation is effectively controlled by appropriate
preventive maintenance (PM). The report shows that response time changes beyond
acceptable limits for selected safety system actuation functions, including the detection of
maintenance preventable functional failures (MPFFSs), can be detected during other
periodic tests." These other periodic tests are described in Section 6.

8 Failure analysis expansion should include interaction between parts

The results from component failure modes aiz!yses of selected instrumentation is
discussed in Section 7 and Appendix K. The analyses are based on detailed engineering
evaluations using expert knowledge in equipment manufacturing, component design, and
industry experience Evaluations included interactions between parts that could affect
response times beyond acceptable limits. The review of industry experience (Appendix D)
includes many examples of failure modes that involve interaction between moving and
static parts

EPRI failures modes analyses of response time of sensors (transmitters/switches)
discussed in Section 7 and Appendix F provide documented bases for response time
sensitive sensor components using industry accepted methodology. EPRI ongoing
research in condition monitoring continues to evaluate failure modes and detectability.



GENERAL

Document number changed to NEDO-32291, DRF AOO-

05806. Change in document number required since

report classification changed from GE Proprietary
(Class III) to GE Non-Proprietary (Cleass I). New
date 1is January 1994.

Disclaimer of Responsibility/Proprietary Information
Notice

Disclaimer of Responsibility rewritten to reflect
latest version and Proprietary Information Notice

was deleted.

ABSTRACT

1.0

2.0

3.0

4.0

Abstract condensed ind statement added that this

document (NEDO-32zv1) supersedes and replaces
NEDC-32013P.

EXECUTIVE SUMMARY

This section was rewritten to reflect changes
made in response to NRC comments.

INTRODUCTION

This section was rewritten to reflect changes
made in response to NRC comments.

BENEFITS OF RESPONSE TIME TEST ELIMINATION
3.1 Safety Benefits
3.2 Cost Savings

This section was "Section 3.3 RTT climination
Benefits". Section was changed to highlight
benefits and new section on cost savings was
added.

APPROACH

This section was "Section 3.1 Approach" in the
original report. The second paragraph of old
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Section 3.1 was deleted. A new paragraph
referencing the plant-specific license change
request in Appendix I was added to the end of
this section.

Sections "3.2 Response Time Testing
Limitations”, "3.2.1 Typical RTT Requirements”,
and "3.2.2 Typical Testing Method" of the
original report were deleted.

DESCRIPTION AND TESTING OF SELECTED RESPONSE

TIME TESTS TO BE ELIMINATED

5.1 Introduction

5.2 Systems Requiring Response Time Testing

5.3 Response Time Tests Selected for Elimination
5.3.1 Reactor Protecticn System
5.3.2 1sclation Actuation Instrumentation
£.3.3 Emergency Core Coocling System (ECCS)

This section was "Section 4.0" in original
report. A discussion of the new evaluation of a
3 to 5 second delay in the response times of
actuation functions selected for elimination has
been added to this section. Reference is made
to the new Appendix J, "Evaluation of Delay in
Trip Functions Selected for Response Time
Elimination", Minor word changes have been made
for clarification.

Section "4.4 Response Time Test Phases" of
original report was moved to Appendix B, Section
§.9.8%

Section "4.5 Response Time Testing Summary
Description” of original report was deleted.

ROUTINE PERIODIC TESTS USED TO DETECT CHANGES
IN INSTRUMENT RESPONSE

This 1s a new section added to highlight the
periodic tests that detect changes in instrument
response.
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N ADE TO NEDC-32013

ANALYSES RESULTS

7.1 Lead Plant RTT Instrumentation Loop Component
Identification

7.2 Categorization of Major Components

7.3 Component Failure Modes Analyses

7.4 Failure Experience Review

7.5 Application of Results to Other Plants

7.6 Future Maintenance and Design Modifications

This section was "Section 5.0" in the original
report. The section has been shortened by
summarizing the component failure modes analyses
results (Section 7.3) and moving the details to
a new Appendix K. Minor word changes have been
made for clarification.

CONCLUSIONS

This section replaces "Section 6.0 Summary and
Conclusions" in the original report. The
general conclusions have been updated to reflect
the changes to this revised report. Minor word
changes has been made to the remaining
conclusions given in the original report for
clarification.

REFERENCES

The section number 1s changed from "Section 7.0"
in the original report.

References 5, 6, and 14 have been added.

Supplement 1 to NRC Bulletin 80-01 has been
added (Reference 7).

Remaining reference numbers have been changed to
reflect references which have been added.
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CHANGES MADE TO NEDC-32013P

APPENDICES

PARTICIPATING UTILITIES/PLANTS
NMPC added.

DESCRIPTIONS OF TECHNICAL SPECIFICATION
SURVEILLANCE TESTING AND OTHER TECHNIQUES
Section B.5 of original report was deleted and a
new section was added which describes current
response time tests.

LEAD PLANT RTT INSTRUMENTATION LOOP COMPONENTS
C.1 Fermi-2
C.2 River Bend

No change.

RTT FAILURE EXPERIENCE REVIEW FROM INDUSTRY DATA
BASES

Mincr word changes to address NRC concerns that
we only locked at some of the avallable data.

RESPONSE TIME TEST FAILURE EXPERIENCE FROM PLANT
SURVEY
No Change.

EPRI PRESSURE TRANSMITTER/SWITCHES RESPONSE TIME
ANALYSIS

Changes made to reflect revisions to EPRI
analysis.

PLANT-SPECIFIC RTT VERIFICATION REPORTS
No ~nange.

PLANT-SPECIFIC TECHNICAL SPECIFICATION MARKUP
TABLES
No change.

EXAMPLE LICENSE CHANGE REQUEST
This Appendix was changed to reflect revisions
rade to original report.

EVALUATION OF DELAY IN TRIP FUNCTIONS SELECTED
FOR RESPONSE TIME TEST ELIMINATION

This is a new Appendix to reflect the new safety
margins analysis.
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CHANGES MADE TO NEDC-32013P

APPENDICES (Cont.)

RTT COMPONENT FAILURE MODES ANALYSE!
This 1s a new Appendix that conta. ns information
that was in the body of the origiral report.

TABLES
Title
Table 3-1 in original report wa:s deleted.

Fermi-2 RTT Requirements Selected for
Analyses
Orly change 1s table number (was Table 3-2).

River Bend RTT Requirements Selected for
Analyses
Only change is table number (was Table 3-3).

BWR Instrumentation Response Time Test
Requirements
Only change is table number (was Table 4-1).

Vendor Models for Component Groups
Only change 1s table number (was Table 5-1).

Response Tir - Test Requirements in BWR
Technical Specifications Isclation Actuation
No change.

RTT Testing Broken Down by Testing Phases
Only change 1s table number (was Table 4-2).

Fermi-2 RTT Measurement Data and Re=sulis
Only change 1is table number (was iable 4-3)

Sumnary of Response Time Failure Experience
from Plant Survey
No change.

Application of the Types of Damping Filters
by the Participating BWRs
No Change.
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G-1

G-10

G-11

CHANGYS MADE TO NEDC-32013P

(Cont.) Title

Brunswick Plant Specific Verification anud
Component Report
No change.

Clinton Plant Specific Verification and
Component Report
No change.

Fermi-2 Plant Specific Verification and
Component Report
No change.

Grand Gulf Plant Specific Verificaticn and
Component Report
No change.

WNP-2 Plant Specific Verification and
Component Report
No change.

Hope Creek Plant Specific Verification and
Component Report
No change.

Hatch Plant Specific Verification and
Component Report
No change.

LaSalle Plint Specific Verification and
Component Feport
No change.

Limerick Plant Specific Verification and
Component Report
No change.

Perry Plant Specific Verification and
Component Report
No change.

River Bend Plant Specific Verification and
Component Report
No change.
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Table (Cont.) Title

G-12

Figure

Susquehanna Plant Specific Verification and
Component. Report
No change.

RTT Technical Specification Markup Notes
No change.

ILLUSTRATIONS
Title

Response Time Testing Elimination Analysis
Flow Process

Mi.or word change and figure number change
(was Figure 3-1).

Frequercy (Typical) of Instrumentation
Surveillance Required by BWR Technical
Specifications

New figure.

BWROG Survey of Instrument Technicians Tire
to Detect Instrument Sluggish Response
New figure.
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=T pRAFT

BWROG-94001
January 14, 1994

U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Washington, DC 20555

Attention: William T. Russell, Associate Director
for Technical Review and Inspection

Subject: BWR OWNERS' GROUP LICENSING TOPICAL REPORT "SYSTEM
ANALYSES FOR ELIMINATION OF SELECTED RESPONSL TIME
TESTING REQUIREMENTS" (GENERAL ELECTRIC REPORT
NEDO-32291)

The subject BWR Owners' Group (BWROG) Licensing Topical Report has been revised
in response to NRC questions and to more clearly demonstrate that the elimination of
selected response time tests is of no safety significance. While the BWRQG has enhanced
the approach to justify the elimination of specific response time testing, the FMEA results
remain valid and these analyses of instrumentation failure modes confirm with reasonable
assurance that failures which affect response times can be detected during other
surveillance tests required by current Technical Specifications. Because this licensing
change improves plant safety and reduces plant operation and maintenance csis, the
proposed change qualifies as a Cost Beneficial Licensing Action (CBLA) and should be
reviewed by the NRC on a priority basis. Based on a conservative reduction of 1500 man-
hours per outage and the potential reduction in outage length, cost savings are estimated
to range from $50,000 to $100,000 per unit per year.

The report concludes that response times are maintained with the current practices and
that response time testing is unnecessary based on plant operating history and experience.
The other existing Technical Specification required surveillance tests (calibration tests,
functional tests, and logic system functional tests) ensure instrumentation health Results
of this BWROG evaluation confirm that response time tests are of no safety significance,
cause unnecessary personnel exposure, reduce availability of safety systems during
shutdown, and are a significant burden to utility resource.



W.T. Russell, NRC

BWROG-94001 FT
January 14, 1994 DR A

Page 2

This letter has been endorsed by a substantial number of the members of the BWR
Owners' Group, however, it should not be interpreted as a commitment of any individual
member to a specific course of action. Each member must formally endorse the BWROG
position in order for that position to become the member's position.

If you desire to discuss this report in more detail, please contact me at your convenience.

Very truly yours,

L. A England, Chairman
BWR Owners' Group

EXEC6T/LAE/TAG/n

cc:  BWROG Primary Representatives
BWROG Executive Oversight Committee
BWROG Response Time Testing Committee
RA Pinelli, BWROG Vice Chairman
RC Jones, NRC
PJ Loeser, NRC
JL. Mauch, NRC
IS Wermiel, NRC
AC Thadani, NRC
A Marion, NUMARC
RC Torok, EPRI
LS Gifford, GE/RCK
NRC Document Management Branch
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BWR OWNERS' GROUP
LICENSING TOPICAL REPORT

SYSTEM ANALYSES FOR THE ELIMINATION OF
SELECTED RESPONSE TIME TESTING REQUIREMENTS

T. A. Green
M. I. Khan

W. P, Sullivan

Approved:

S. J. Stark, Manager
BWR Owners' Group Projects

Work Performed for the BWR Owners' Group
Response Time Testing Committee

NEDO-32291
DRF A00-05806
Class 1
January 19%4
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pRAFT

DISCLAIMER OF RESPONSIBIIITY

Important Notice Regarding Contents o)y this Report

PLEASE READ CAREFULLY

The information contained in this document is furnished for the purpose
of providing the members of the BWR OWNERS' GROUP with bases and metheds for
the system analyses for the elimination of the selected response time testing
requirements. The only undertakings of General Electric Company respecting
information in this document are contained in the contract between the Boiling
Water Reactor Owners' Group and General Electric Company (i.e., the Standing
Purchase Orders for the participating utilities in effect at the time this
report is issued) and nothi g contained in this document shall be construed as
changing the contract. The use of this information by anyone other than that
for which it is intended, is not authorized: and with respect to any
unauthorized use, General Electric Company makes no representation or
warranty, and assumes no liability as to the completeness, accuracy, or
usefulness of the information contained in this document.

-ii~
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NEDO-32291

ABSTRACT

This document supersedes and replaces NEDC-32013F, "System Analyses for
Elimination of Selected Response Time Testing Requirements”, dated March 1992.
This document provides the technical justification for the elimination of
selected response time tests in : (1) Reactor Protection System (RPS)
instrumentation, (2) Isclation System Actuation instrumentation, and (3)
Emergency Core Cooling System (ECCS) instrumentation. The document has been
revised to address NRC comments and to provide more information on the safety
significance of the proposed improvement.

-vii/viii-



NEDO-32291 é
1.0 EXECUTIVE SUMMARY

The BWR Owners' Group (BWROG) has proposed the elimination of the
requirements for performance of response time tests (RTTs) of selected
instrumentation in the Reactor Protection System (RPS), Emergency Core
Cooling System (ECCS), and Isolation System. Because this licensing
change improves plant safety and reduces plant operation and maintenance
costs, the proposed change qualifies as a Cost Beneficial lLicensing
Action (CBLA) and should be reviewed by the NRC on a priority basis.
Based on a conservative reduction of 1500 man-hours per outage and the
potential reduction in outage length, cost savings are estimated to
range from $50,000 to $100,000 per unit per year.

This generic Licensing Topical Report has been revised in response
to NRC questions and to more clearly demonstrate that the elimination of
selected response time tests is of no safety significance. While the
BWROG has enhanced the approach to justify the elimination of specific
response time testing, the FMEX results remain valid and these analyses
of instrumentation failure modes confirm with reasonable assurance that
failures which affect response times can be detected during other
surveillance tests required by current Technical Specifications. Note
that the EPRI report (Reference 1) which justifies the elimination of
sensor response time testing has been updated to respond to questions
from instrument vendors, GE, Westinghouse, and the NRC. The plant-
specific data from the previous submittal are unchanged.

The report concludes that response times are maintained with the
current practices and that response time testing is unnecessary based on
plant operating history and experience. The other existing Technical
Specification required surveillance tests (calibration tests, functional
tests, and logic system functional tests) ensure instrumentation health.
Results of this BWROG evaluation confirm that response time tests are of
no safety significance, cause unnecessary personnel exposure, reduce
availability of safety systems during shutdown, and are a significant
burden to utility resource.

aw 4

As a supp%zé:::—to the above evaluations, participants will update
test procedures Y(if required) to assure that the instrument technicians

recognize response time delays in instrumentation. A BWROG survey has
concluded that instrument response time delays of 3 to 5 seconds can be
reasonably detected by instrument technicians. A safety evaluation has

TAG33/RTT-1 =1
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confirmed that delays of individual specific trip functions of a few
seconds have very low safety significance. This realistic bases
evaluation showed that a good deal of margin exists in the licensing
analysis. Within a trip function, redundancy exists in individual
instrument channels (e.g., 1 out of 2 twice) and diversity exists in
most safety trip functions (e.g., neutron flux, water level, drywell
pressure). Also, for most of these instruments the response times are

insignificant compared to the safety system actuation times.

o

TAG33/RTT-1
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2.0 INTRODUCTION “!ﬁ?\"‘

Current S5tandard Technical Specifications reguire certain BWR
plants to periodically perform response time tests, as defined in ISA
Standard 67.06, (Reference 4), for instrument channels in the RPS,
Isclation Actuation System and ECCS. The purpose of these tests is to
ensure that changes in response time beyond acceptable limits assumed in
safety analyses are detected. It is not necessary to demonstrate that
the response time design value is met. The instrumentation response
time tests provide measurement of specific sensor, trip unit and/or loop
response time. The information obtained from these tests is compared to
Technical Specification requirements to demonstrate that the specified
performance is met. Operational history has shown that degradation of
instrumentation response times beyond acceptable limits are being
detected during the performance of calibrations and other surveillance
tests. The performance of conventional response time tests has proven
to be of little value in assuring that instrumentation will perform as
required or for determining the health of the instrument. The majority
of allowable instrumentation response times are ruch longer than
instrument circuits require for signal processing from sensor input to
final output signal. Additionally, the instrument response time is
insignificant compared to safety system actuation times. Therefore, the
continued performance of instrument time testing may actually detract
from safety by: 1) increasing the time when safety systems are
unavailable to perform their safety function, 2) increasing the
potential for inadvertent safety system actuations, 3) adding to refuel
outage complexity thereby increasing the shutdown risk, 4) increasing
the exposure cf plant personnel to radiation, and 5) diverting resources
from other tasks which are important to safety. Based on the akove five
attributes, it has been determined that the elimination of response time
testing is a Cost Beneficial Licensing Action. A discussion of the
safety benefits is provided in Section 3.0.

The proposed elimination of selected RTTs has also been identified
as a line-item Technical Specification improvement in NRC Generic Letter
93-05 (Reference 5). This line-item improvement was part of a NRC study
that included a comprehensive examination of surveillance regquirements
which is documented in NUREG-1366 (Reference 6).

The proposed elimination of selected RTTs is also consistent with
the current Maintenance Rule implementation. The Maintenance Rule is
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performance based and permits specific instrumentation monitoring or
calibration methodology to be set by the licensee based on: 1) safety
significance of the instrumentation; and 2) whether performance or
condition of instrumentation is effectively controlled by appropriate
preventive maintenance (PM). This report will show that response time
changes beyond acceptable limits, including the detection of maintenance
preventable functicnal failures (MPFFs), can be detected during other
periodic tests.

The BWR Owners' Group formed a Response Time Testing Committee in
late 1990. The principal objective of this BWROG program was to
eliminate unnecessary Technical Specification zesponse time testing
requirements that could potentially degrade pleant safety. This
objective was accomplished by conducting failure mode analyses to show
with reasonable assurance that there is no failure mode which affects
response time or, when a response time failure mode exists, show it can
be detected during surveillances or other testing before the response of
the instrument degrades beyond acceptable limits. Section 4.0 provides
a more detailed discussion of the analysis approach.

Most of the instrumentation response time testing targeted for
elimination involves tests where the instrumentation loop response time
is a small fraction of the total allowable system response time
requirement. This typically occurs when the total allowable system
response time is equal to or greater than ten seconds. In addition,
selected pressure and differential pressure sensor response time testing
can be eliminated on the basis of work done by EPRI (References 1 and 9)
and supplemented by the BWR Owners' Group.

On this basis, the following response time tests were considered
for elimination:

{1) All ECCS actuation instrument loops (entire channel).

(2) All Isclation System actuation instrument loops (entire
channel) except for Main Steam Isolation Valves (MSIVs).

(3) Sensors only, for selected RPS actuation.

(4) Sensors only, for selected MSIV closure actuation.

TAG33/RTT-1 2~2
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Section 5 provides a complete listing of the selected response
times considered in this study.

Two representative BWR plants were chosen for detailed analysis:
Fermi-2 (BWR 4) and River Bend (BWR 6). The response time requirements
for the other BWR plants participating in this study were verified
against the analyses of the two lead plants. The overall approach used
to justify the elimination of the selected response time surveillance
requirements was based on the analysis of the failure modes of the
components in the instrumentation loop. Failure modes that can affect
instrumentation loop response time were further analyzed to determine
what other surveillance or other technigues would reasonably ensure
detection of response time failure beyond acceptable limits. Section 6
provides a discussion of the routine periodic tests that are used to
detect changes in instrument response.

Section 7 describes the results from the analysis of the two lead
plants and their application to the other BWR participating plants.
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3.0 BENEFITS OF RESPONSE TIME TEST ELIMINATION

By the elimination of response time testing, safety benefit is
gained while still maintaining the capability to detect degradation
prior to the time when instrument performance degrades beyond acceptable
limits. This section describes the improvement in plant safety which
can be gained by the elimination of response time testing where
calibrations and other surveillances can adegquately detect response time
degradation. 1In addition to the safety benefits, significant cost
savings are realized due to reductions in manpower and outage days which
makes the RTT elimination a Cost Beneficial Licensing Action.

3.1 SAFETY BENE.ITS

Elimination of response time tests will result in significant
improvement in plant safety by:

(1) Minimizing the Time When Safety Systems are Out of Service or
Otherwise Incapable of Responding to a Degraded Plant

Condition. Performance of response time testing requires the
instruments being tested to be isolated and thus unable to
provide an automatic actuation signal to the affected system.
Therefore, the affected system is considered Inoperable in
accordance with Standard Technical Specification Definitions of
Operability. According to a BWR survey, the time required to
conduct these RTTs ranges from one to three days per division.
Elimination of unnecessary response time tests will improve
plant safety by reducing the time safety systems are out of
service for testing.

(2) Reducing the Potential for Inadvertent Essential Safety
Function (ESF) Actuations. A significant number of ESF
actuations occur due 0 response time activities. A high
potential for error iu present during the installation and
removal of temporary circuit alterations required to realign
plant safety systems to a configuration which will allow
response time testing. Therefore, elimination of unnecessary
RTTs reduces the potential of plant transients caused by ESF
actuations.
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(3) Reducing the Complexity of Refuel Outages and thus Reduce
Shutdown Risk. This concern deals with the extension of ECCS
inoperability windows and the complexity of having more than
one safety system incapable of performing its safety function.
In general, each ECCS divisional window is extended by one to
three days to accommodate response time testing. This
increases the total time that ECCS makeup capabilities to the
reactor or fuel pools are not available. For a plant with
three ECCS divisions, this time could add three to nine days to
an outage. During refuel activities, the ECCS and major piping
are realigned fregquently to support a wide variety of
maintenance tasks, leading to some increased probability of
draindown events. Although Technical Specifications centain
specific minimum requirements for makeup capabilities which
must always be met, it is now widely accepted that outage
activities affect the core damage frequency (shutdown risk).
Elimination of unnecessary response time testing activities
reduces the shutdown risk due to the unavailability of safety
systems.

(4) Reducing Personnel Radiation Exposure (ALARA). Complex

respense time testing requires stationing personnel at the
location of instrument sensors which are often in radiation
areas. The BWROG survey results show an estimated dose
reduction of 0.5 to 3.0 man-rem per outage.

(5) Allow Critical Personnel To Be Used For More Significant Tasks.
A survey performed by the BWROG showea that the elimination of
response time testing on select systems will result in a
savings of 1500 to 2600 manhours per outage. This estimate
does not include additional manhours needed for support
personnel such as health physics, engineering and outage
planning personnel. These personnel can be utilized to perform
other tasks which have a greater impact on plant safety.

Based on the above, the elimination of response time testing for
the selected instrumentation listed in this submittal provides
significant benefits in the availability and operation of safety systems
as well as providing the oppertunity to reduce dose and utilize plant
resources more effectively. Therefore, it can be concluded that
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response time testing should be eliminated as a Cost Beneficial
Licensing Action.

3.2 COST SAVINGS

Based on the BWROG survey, the savings in manhours are 1500 to 2600
per outage. This represents at least $50,000/year/plant savings in
manpower alone. This is a very conservative estimate since additional
cost savings will be realized in reduced personnel radiation exposure
and the potential reduction in outage days which contribute to the loss
of power generation. This estimated savings could be conservatively
increased by a factor of two when these additional factors are
considered {(i.e., $100,000/year/plant).
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4.0 APPROACH

The fundamental approach developed in this study is consistent with
Regulatory Guide 1.118, Revision 2 (Reference 2), which endorses IEEE
338~1977 (Reference 3), and is stated as follows:

"Response time testing of all rafety-related equipment, per se,

is not required if, in lieu of response time testing, the
response time of the safety eguinment is verified by functional
testing, calibration checks or other tests, or both. This is
acceptable if it can be demonstrated that changes in response
time beyond acc~_table limits ace accompanied by changes in
perfo— ..ce characteristics which are detectable during routine
periodic tests."

The analysis flow process is presented in Figure 4-1. Fermi-2 and
River Bend were selected as lead plants ' » represent a typical 3WR/4 and
a BWR/6 plant, respectively. Technical Specification response time
testing requiremnents ("RTT Trip Functions®) for these lead plants are
listed in Tables 4-1 and 4-2, respectively.

After the Technical Specification trip functions were identified
for the lead plants, a detailecd listing of specific loop components was
compiled for each locp. Typically, there are 20 to 24 trip functions
per plant. All components in the affected instrumentation loops which
could potentially affect the loop response time were identified. These
components include transmitters, relays, trip units, switches, indicator
trip units (radiation), trip auxiliary units (radiation), lcg rad
monitors (radiation); and Bailey/GMAC alarm units, summers, and square
roct extractors.

Detailed failure mode evaluations were then conducted for all
instrumentation loop comr~nents in order to determine whether failures
could affect response time. When it was determined that failure modes
could affect instrument loop response times, the consequences of such
failure were evaluated. An analysis was then made to determine whether
other surveillance testing would identify these potential response time
degradations. As part of the failure mode evaluations, component
experts and vendors were contacted to assist with and verify the
analysis.
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A review of component failure experience was performed by
conducting BWR-specific surveys, and by researching the Nuclear Plant
Reliability Data System (NPRDS), NRC Bulletins, NRC Information Notices,
and GE Service Information Letters (SILS). This review was used to
determine if actual RTT failures could be reasonably detected by
surveillance testing other than RTT.

The BWR Owners' Group RTT program also takes advantage of the work
performed by EPRI (Reference 1) which evaluated failure modes and
effects analyses (FMEAs) for most of the sensors employed in the
applicable BWR instrumentation loops. The EPRI report covered both
field data and macroscopic FMEAs. Approximately 4200 RTT data points
from 39 utilities were analyzed. This document was reviewed and in a
few cases supplemental evaluations were conducted to include the
analyses of sensors not covered in the EPRI study.

Following completion of the lead plant baseline response time
testing analyses, a plant-specific verification was performed for each
of the other participating plants. Component and instrumentation loop
differences were identified and dispositioned either by showing that the
paseline analyses adequately covers the differences or by conducting
additional failure mode and effects analy-ss. Response time tests of
individual components within instrumen® loops were identified for
elimination based on the above analvses. Individual plant Technical
Specifications were marked-up to eflect the proposed elimination of
response time tests.

Following NRC approval of this generic BWR Owners' Group Licensing

Topical Report, each participating utility will prepare a plant-specific
license change reguest using the guidance provided in Appendix I.

TAG33/RTT-1 §4-2
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FERMI-2 RTT REQUIREMENTS SELECTED FOR ANALYSES

Tech. Spec. Response Time
Fermi-2 RTT Trip Functions Table Number (sec) (e)

Reactor Protection System Response Times:

3 Reactor Vessel Steam Dome Pressure - High 3.3.1-2 < 0.55
4, Reactor Vessel Water level - low level 3 3.3.1-2 < 1.05
A Primary Containment Isclation:
a.1 Reactor Vessel Low Water Level - Levei 3 3.3.2-3 < 13.0(a)
a.2 Reactor Vessel lLow Water Level - Level 2 3.3.2-3 < 13.0(a)(d)
a.3 Reactor Vessel Low Water level - level 1 3.3.2-3 <€ 1.0(e)

< 13.0(a)(d)
b. Drywell Pressure - High 3.3.2-3 < 13.0(a)
A, Maip Steap Line:
c.1 Main Steam Line Radiation - High 3.3.2-3 < 13.0(a)(b)(d)
¢.2 Main Steam Line Pressure - lLow 3.3.2-3 < 13.0(a)(d)
€.3 Main Steam Line Flow - High 3.3.2-3 < 13.0(a)(d)

z_.__ ".i.’ﬁigz H‘;g: cljm ﬁx‘;‘l hgl‘;j,m:
e. Reactor Vessel Water Level - level 2 3.3.2-3 < 13.0(a)
2. Reactor Core Isolation Cooling Systew Isolation:

a. RCIC Steam Line Flow - High
b. RCIC Steam Supply Pressure - Low

4. High Pressure Coolant Injection System Isolation:

3.3.2-3 < 13.0(a)
3.3.2-3 < 13.0(a)

w W

8. HPCI Steam Flow - High 3.3.2-3 < 13.0(a)

b. HPCI Steam Supply Pressure - Low 3.3.2-3 € 13.0(s)

£. _Secondary Containment lsolation:

&, Reactor Vessel Low Water Level - Level 2 3.3.2-3 <€ 13.0(a)

b. Drywell Pressure - High 3.3.2-3 < 13.0(a)

c. Fuel Pool Venti{lation Exhaust Radiation - 3.3.2-3 < 13.0(a)(b)
Kigh

Emergency Coxe Cooling System (ECCS):

A._Core Spray System:

a. Reactor Vessel Low Water Level - Level 1 3.3.3-3 < 30.0

b. Drywell Pressure - High 3.3.3-3 < 30.0
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Table 4-1
FERMI-2 RTT REQUIREMENTS SELECTED FOR ANALYSES
(Continued)
Tech. Spec. Response Time
Fermi-2 RTT Trip Functions Table Number (sec)
2. lew Pressure Coolant Injection Mode of RHR System:
a. Reactor Vessel lov Water Level - level 1 3.3.3-3 € 55.0
b. Drywell Fressure - Righ 35.3.3-3 < 55.0
4. High Pressure Coolant Injection System:
a. Reactor Vessel Low Water Level - level 2 3.3.3-3 < 30.0

NOTES

(a) Isolation System instrumentation response time shall be measured and
recorded as part of the ISOLATION SYSTEM RESPONSE TIME. Isolation
system instrumentation response time specified includes diesel generator
starting and sequence loading delays.

(b) Radiation detectors are exempt from response time testing. Response
time shall be measured from detector output or the input of the first
electronic component in the chamnel.

(e) Isolation System instrumentation response time for MSIVs only. No
diesel generator delays assumed for MSIVs.

(d) Isolation System instrumentation response time for associated valves
except MSIVs.

(e) Isclation System instrumentition response time specified for the Trip
Function actuation of sach valve group shall be added to isolation time
shown in Tables 3.6.3-1 and 3.6 5.2-1 for valves in each valve group to
obtain ISOLATION SYSTEM RESPONSE TIME for each valve (applies to Table
3.3.2-3 trip functions only).
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Table 4-2

o

RIVER BEND RTT REQUIREMENTS SELECTED FOR ANALYSES

B

Tech. Spec. Response Time
River Bend RTT Trip Functions Table Number (sec) (4)
Reactor Protection System Response Times:
B Reactor Vessel Steam Dome Pressure - High 3.3.1-2 < 0.35
2; Reactor Vessel Water Level - Low, Level 3 3.3.1-2 <€ 1.05
2. Reactor Ves-21 Water Level - High, 3.3.1-32 < 1.05
Level B8
. _Primary Containment Isolatioun:
8. Reactor Vessel Water Level - level 2 3.3.2-3 < 10.0(a)
b. Drywell Pressure - High 3.3.2-3 < 10.0(a)
Zo..Main Steam Line lsolation:
a. Reactor Vessel Water level - Level 1 3.3.2-3 € 1.0(b)/
< 10.0(a)(e)
b. Main Steam Line Radiation - High 3.3.2-3 € 1.0(b)/
< 10.0(a)(e)
c. Main Steam Line Pressure - Low 3.3.2-3 < 1.0(b)/
< 10.0(a)(c)
d. Main Steam Line Flow - High 3.3.2-3 < 0.5(b)/
€ 10.0(a)(e)
2. Secondary Contaimment Isolation:
&. Reactor Vessel Water level - Level 2 3.3.2-3 < 10.0(a)
b. Drywell Pressure - High 3.3.2-3 € 10.0(a)
4. Reactor Water Cleanup System lsolation:
a. Delta Flow - High 3.3.2-3 < 10.0(a)(e)
e. Reactor Vessel Water Level - level 2 3.3.2-3 < 10.0(a)
2...Reactor Core Isolation Cooling System Isolatiop:
a. RCIC Steam Line Flow - High 3.3.2-3 < 10.0(a)(f)
b. RCIC Steam Supply Pressure - Low 3.3.2-3 € 10.0(a)
6. _RHR System lsolation:
c Reactor Vessel Vater level - level 3 3.3.2-3 < 10.0(a)
d. Reactor Vessel Water Level - level 1 3.3.2-3 < 10.0(a)
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Table 4-2
RIVER BEND RTT REQUIREMENTS SELECTED FOR ANALYSES
(Continued)
Tech. Spec. Response Time
River Bend RTT Trip Functions Table Number (sec)

Emergency Coxe Cooling System (ECCS):
1. Low Pressure Core Spray System (LPCS) 3.3.3-3 <€ 37.0
Low Pressure Coolant Injection Mode of

RHR System

a. Pumps A and B 3.3.3-3 < 37.0

b. Pump C 3.3.3-3 < 37.0
3. High Pressure Core Spray System (HPCI) 3.3.3-3 < 27.0

(a) Isolation System instrumentation response time specified includes the
diesel generator starting and sequence loading delays.

(b) Isolation System instrumentation response time for MSIVs omly. No
diesel generator delays assumed.

(e) Isolation System instrumentation response time for associated valves
except MSIVs.

(d) 1solation System instrumentation response time specified for the Trip
Function actuation of each valve group shall be added to isolation time
shown in Tables 3.6.4-1 and 3.6.5.3-1 for valves in each valve group to
obtain ISOLATION SYSTEM RESPONSE TIME for each valve (applies to Table
3.3.2-3 trip functions only).

(e) Time delay of 45-47 seconds.

(f) Time delay of 3-13 seconds.
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5.0 DESCRIPTION AND L'STYNG OF SELECTED RESPONSE TIME TESTS TO 8E
ELIMINAYED

5.1 INTRODUCTION

This sectira provides overall background information concerning the
current response time test (RTT) reguirements. It provides insights
into the basis for selecting certain RTT requirements for elimination
and identifies the margins available in affected systems. Analyses have
determined that a small increase in instrumentation response will not
adver-ely affect system safety functions. A small increase in response
time on the order ol 3 to 5 seconds can be reasonably detected during
periodic ~.irveillance tests.

£.2 £YSTEMS REQUIRING RESPONSE TIME TESTING

The response time testing (RTT) Technical Specification tables for
the participating plants are provided in Appendix B. The two BWR
product lines (BWR 4s and BWR 6s) have been grouped separately. These
tables reveal that the RTT Technical Specification requirements fall
into three systems: (1) Reactor Protaction System (RPS), (2) Isclation
Actuation Instrumentation, and (3) Emergency Core Cooling system (£CCS).

5.3 RESPONSE TIME TESTS SELECTION FOR ELIMINRATION

The RTT requirements for Isolation Actuation and ECCS
instrumentation, are proposed to be eliminated for the entire
instrumentation loops. These changes are consistent with the
recommendations of Generic Letter 93-05 (Reference 5). For RPS and MSIV
Actuation instrumentation, justification is provided for only the sensor
+n the loop based on the EPRI report for sensor RTT elimination
{Reference 1). The response times for the Isolation Actuation and ECCS
instrumentation are a small fraction of the total system response time
roquirements (Isolation Actuation 10 to 13 sec., and ECCS 27 to 64
#ec.;. Instrumentation components that may experience response time
degracation will continue to respond in the microsecond-to-millisecond
range prior to complete failure. Therefore, such response time
degradation would have no significant adverse effect and the
instrumentation would countinue to meet the overall system reguirements.
If the response time s.aould degrade to as much as 3 to 5 seconds, this
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degradation woul< with .easonable assurance be detected during periodic
surveillance tests (functivnal tests, calibrations, and channel checks).

Conversely, in RPS and MSIV actuation instrumentation loops the
overall Technical Specification response time roquirements are much
shorter (0.35 to 1.05 sec.). For the same component, the response time
degradation before failure can be significant in relation to the overall
system response time requirement. As a result, changes in
instrumentation response time beyond acceptable limits given in
Technical Specifications may not be readily detected for all components
during other surveillance tests. Analyses of selected instrumentation
sensors performed by EPRI (Reference 1) indicate that failure modes that
affect sensor response times beyond acceptable limits can be detected
during calibrations or other surveillance tests. The BWR Owners' Group
decided to use these analyses as a basis for elimination o =elected
sensor RTTs but not to extend the analyses tc the remaining
instrumentation components (trip units, relays, etc.) for RPS and MSIV
Actuation loops. Therefore, only the selected sensor RTTs are proposad
for elimination in the RPS and MSIV Actuation instrumentation loops.

Table 5-1 shows the range of participating BWR instrumentation RTT
requirements for (1) RPS, (2) Isolation Actuation Instrumentation, and
(3) ECCS. The following is a discussion of the individual trip
functions where RTTs are propcosed to be eliminated. The discussion
includes an assessment of the effect of a 3 to 5 second delay in
instrumentation response time beyond the normally acceptable Technical
Spscification response time value (see Appendix J for detailed
ditcussion). This assessment provides added assurance that there is
sufticient time within existing safety margins for an I&C technician to
reasonably detect a failure or degradation ii the instrumentation
response time. The 3 to 5 second delay was chiusen based on a survey of
14C technicians from participating BWR plants.

5.3.1 Reactor Protection System

The three selected tiip functions in the RPS area considered for
elimination of response time testing are:

- Reactor Vessel Steam Dome Pressure - High

. Reactor Vessel Water level - Low, level 3
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° Reactor Vessel Water Level - Hi th, Level 8

The typical instrumentation response time requirements for these
RPS trip functions range from 0.35 to 1.05 seconds. These RPS circuits
have more restrictive response time regquirements than the Isclation
Actuation System and ECCS. Therefore, for the RPS, only the sensors
analyzed by EPRI were considered for response time testing elimination
(Reference 1).

A 3 to 5 second delay in the sensors for the above RPS trip
functions was determined to have no significant impact on plant safety.
For the level 3 sensors, a slight delay in the scram actuation would not
affect plant thermal limits or fuel integrity and the core cocling
function. A delay in the Level £ scram sensors would cause a slight
increase in reactor water level but woulZ not result in cold water
intrusion into the main steam lines. A delay in the rsactor high steam
dome pressure sensors would not atfect the integrity of the reactor
vessel or core thermal limits. A detailed discussion of the effect of a
delay in these RPS trip functions is provided in Appendix J.

5.3.2 1Isolation Actuation Instrumentation

The Isolation Actuation System instrumentation response time
requirements given in typical plant specifications are in the range of <
10 sec. to < 13 sec. (MSIV actuation instrumentation response time
requirements are typically between < 0.5 to < 1.0 sec.). The actual
instrumentation circuits typically operate in a fraction of a second.

The following Isolation Actuation instrumentation Technical
Specification response time requirements were considered for
elimination:

Main Steam Isolation Valve [MSIV) (losure
- Reactor Water Level | or 2

¢ MSL Radiation High

. MSL Low Pressure

Remaining Isclation Actuation

® Reactor Core Isolation Cooling (RCIC) System
- High Pressure Coolant Injectien (HPCI) System
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. High Pressure Coclant Spray (HPCS) System

. Reactor Water Cleanup (RWCU) System

- Primary Containment

. Secondary Containment

¢ Residual Heat Removal (RHR) Shutdown Cooling/Head Spray

Because the Isolation Actuation instrumentation logic functions are
in parallel with the startup of the diesel generators, the response time
requirements (< 10 sec. to < 13 sec.) are not critical for the majority
of the isolation circuits. This is consistent with the recommendations
of Generic Letter 93-05 (Reference 5). The main steam isolation valves
(0.5 sec. to 1.0 sec.) are an exception. Hence, elimination of response
time testing for the MSIV actuation circuits covers only the sensors.

A 3 to 5 second delay in the sensors that initiate MSIV closure
(Reactor Water Level 1 or 2, Main Steam Line (MSL) Radiacion High and
MSL Low Pressure) will not significantly affect plant safety. The only
purpese of the MSIV closure for low reactor water level events is to
limit the potential increase in the offsite dose. No fuel damage would
occur even if there is a slight delay (3 to 5 seconds) in the MSIV
closure under these conditions.

The MSIV closure on high radiation level is reguired when fuel
failure has occurred. An increase in reactivity due to a delay in high
radiation sensors will not significantly affect offsite release.

MSIV closure on low MSL pressure is provided to protect the reactor
system during normal power generation against transients that could
cavse uncontrolled depressurization. A 3 to 5 second delay in this
se sor trip would not affect vessel integrity or plant safety since the
reactor vessel is designed tc accommodate even more rapid
depressurizations than for this event.

A 3 to 5 second delay in the sensors that isclate the remaining
systems listed above does not have any effect on the plant safety. This
delay is a small fracticn of the required 10 to 13 seconds actuation
time assumed in the safety analysis.

A more detailed discussion of the isclation actuation
instrumentation delays is provided in Appendix J.
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5.3.3 Emergency Core Cocling System (ECCS)

Response time testing requirements for the following systems were
considered for elimination:

¢ Low Pressure Core Spray (27 to 40 sec.)
. Low Pressure Coolant Injection (37 t. 64 sec.)
e High Pressure Core Injection/Spray (27 to 35 sec.)

Unlike the isolation system; fcr ECCS the diesel generator,
emergency cooling pumps, and the injection valves response times are in
series with the instrumentation response time., For these loops, only
the instrumentation will be eliminated from response time testing. The
overall ECCS system response time requirement, which includes diesel
generator, injection valves, pumps, and other components, still applies.
Furthermore, the diesel generator and the injection valve Technical
Specification response time requirements are not eliminated. The
instrumentation response time requirements are a very small fraction of
the total ECCS actuation times.

A 3 to 5 second delay in ECCS sensor actuation does not affect
plant safety. This is supported by GE analyses performed for various
design basis events. A more detailed discussion of the effect of a
delay in ECCS instrumentation is provided in Appendix J.
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Table 5-1
BWR INSTRUMENTATION RESPONSE TIME TEST EEQEZR!H!NTS

Reactor Protection System

0.35 to 1.05 sec.
Isolation Actuation/Instrumentation

MSIV Closure - 0.5 to 1.0 sec.
Remaining - 10 to 13 sec.

ECCS Actuation Instrumentation

LPCS - 27 to 43 sec.
LPCI - 30 to 64 sec.
HPCI/HPCS -~ 27 to 35 sec.

TAG33/RTT~1 5-6
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6.0 ROUTINE PERIODIC TESTS USED TO DETECT CEANGES IN INSTRUMENT
RESPONSE

BWROG Analysis has determined that changes in instrument response
are detectable prior to the response degradation beyond acceptable
limits without the performance of conventional response time testing.
Therefore, no additional testing or surveillances are required. This
section discusses the current testing being performed, the frequency at
which the activity is presently performed and the advantages over
conventional response time testing.

Current testing which is presently required by Technical
Specifications includes calibrations, functional testing, logic system
functional testing and channel checks. A description of each test,
including Standard Technical Specification definitions and the relative
advantages of each method appears in Appendix B to this report. It can
be concluded from analyses summarized in this report that response time
degradation is detected by other surveillance technigues prior to the
instrument response degrading beyond acceptable limits. Figure 6-1
shows a typical example of the relative frequency at which each activity
is performed. From this figure it can be determined that performance of
response time testing of individual instrument channels results in the
longest time interval (36 months) between performance of surveillance
activities. Response time degradation is more likely to be detected
during calibrations, functional tests, or channel checks which are
performed at the same or more frequent surveillance intervals (18
months, quarterly or monthly, and once/shift respectively) than RTTs.
Therefore, the BWROG has concluded that the performance of response time
testing is not necessary to detect degradation in instrumentation
response,

In addition to testing currently being performed to satisfy
Technical Specification requirements, other means are available to
evaluate instrument performance. The following is a discussion of two
supplementary methods:

(1) Assessment of as found calibration data. This method utilizes
data obtained during instrument calibrations and compares a
trend of as found calibration data to establish a trend of
instrument drift. This technique has been used in the past to
detect degradation of Rosemount transmitters due to a loss of

TAG33/RTT-1 L §



NEDO-32291 o“hﬂ

£fill o0il. Because this failure mode may not be detected during
response time testing.

(2) Operator and technician awareness. Awareness of the potential
for degradation is the first line of defense in monitoring the
health of instruments or any equipment. Although this method
is gualitative and does not provide any documented data, this
type of monitoring is a significant contributer to maintaining
instrument health. Operators monitor plant parameters
routinely and are the first line of defense in determining if
instrumentation does not perform as expected. Additionally,
instrument technicians work with instruments during the
performance of calibrations and functional testing and are
immediately aware of any degradation. The BWROG has surveyed
instrumentation departments at participating plants and
selected PWR plants and has determii..2d that a techniclian can
typically qualitatively detect an instrument with a sluggish
response prior to the time the response time reaches 3 to 5
seronids. To assure that a degradation in response of this
magnitude will not affect the margin of safety of aZfected
s'stems, a realistic bases safety evaluation was nade assuming
a 5 second delay in sensing a degraded condition. The details
of this evaluation are included in Section 5.0 and Appendix J.
Participating utilities will make provisions to assure
operators and technicians are aware of the consequences of
instrument response degradation. Applicable procedures may
need to be revised by individual plants to assure that
technicians monitor for response time degradation during the
performance of calibrations and functional tests.

Industry activities are currently underway to extend the existing
18-month calibration interval to as long as 36 months. This proposed
change does not affect the basis for RTT elimination which relies on
calibration tests since the proposed longest calibration frequency
extension is identical to the existing channel RTT frequency (36
months) .

By the performance of the above methods, changes in instrument
performance can be detected prior to the point where system response
degrades beyond acceptable limits.
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7.0  ANALYSES RESULTS D“AF‘

This section summarizes the results of the two lead plant-specific
analyses and the application of these analyses tc other BWR plants
participating in this study. These results include plant-specific
analyses of all applicable trip functions identified in their respective
Technical Specifications.

7.2 LEAD PLANT RTT INSTROMENTATION LOOP COMPONENT IDENTIFICATION

A comprehensive instrumentation loop component identification was
performed for each of the selected trip functions in the Technical
Specifications listed in Tables 4-1 and 4-2. The identification included
a description of each component, its corresponding function and
model/Master Parts List (MPL) or Plant Identification System (PIS)
number. The plant drawing numbers and their latest revisions used in the
analyses were compiled. Loop devices not coverecd by lead plant analyses
were also addressed. Annunciators, seal-in circuits, recorder pens,
alarms etc. that are not required for response time testing were
excluded from this evaluation.

A comprehensive listing of loop compoaents for both Fermi~2 and
River Bend plants are contained in Appendices C.l1 and C.2, respectively.

7.2 CATEGORIZATION OF MAJOR COMPONENTS

Upon completion of the compilation of instrumentation loop
components, all the potential response time sensitive components were
grouped by component type. Some components (e.g., radiation detectors,
logic cards) are exempt from response time testing per Technical
Specifications. The response time components were categorized into the
following generic component groups:

. Trip Units

. Relays

. Time Delay Relays

. Signal Conditioning Devices (Summer, Square Root Extractor,
etc.)

. Radiation Devices (NUMAC, Auxiliary Trip Unit etc.)

. Transmitters/Switches

TAG33/RTT-1 T-1
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. Loop Devices (Capacitors for filtering, Alarm Units, power
supplies, optical isclators)

A comprehensive listing of vendor models for these component groups
is included in Table 7-1. From this extensive database, a generic
response time failure mode analysis was performed for each vendor model
of the above components.

7.3 COMPONENT FAILURE MODES ANALYSES

This section summarizes the results of the failure modes analyses
for the generic components that could potentially affect the
instrumentation loop response time. These analyses are based on detailed
engineering evaluations including vendor contacts, operating experience,
and design experience to investigate the potential failure modes of the
specific loop instrumentation. Several instrument vendors were
contacted during the component failure modes analyses, and these vendors
concurred with respect to the acceptability of eliminating conventional
response time testing. In addition, Rosemount has recently documented
their endorsement for the elimination of selected response time testing
as is being proposed by the BWR Owners' Group (Reference 14). A more
detailed discussion of the analysis results is provided in Appendix K.

Trip Units

The following can be concluded from the failure mode analyses of
the trip units:

(1) No failure modes were identified that could potentially
increase the response time above the millisecond range.

(2) No failure modes that delay the normal response time were
identified without also affecting calibration or causing
misoperation detected in functional tests.

(3) Failure modes (resistance increase) which can extend the

response time, can be detected by loss of DC performance and
misoperation during functional tests.

TAG33/RTT~1 -2
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Relay failure modes normally result in a functional failure of the
relay or a gross degradation in relay performance. Either of these
conditions is readily detectable through functional testing, inspection
or observations of abnormalities during routine operation before the
response time exceeds required operational limits (2 10 seconds).

Time Delay Relays

Time delay relays require calibration for response verification
and to assure setpoint accuracy. The time delay relays are also tested
as part of Logic System Functional Tests in most BWRs.

Signal Conditioning Devices

Any response time degradation beyond acceptable limits can readily
be detected by other surveillance tests.

Radiation Devices

Trip Auxiliary Unit response time failures can be detected during
functional tests similar to the relay devices discussed above.
Component failures that affect response time in the NUMAC lLog Rod
Monitor would be in the microsecond range and therefore would not
significantly affect the required response time. For the Log Radiation
Monitor (238 x 660 Series), the potential failure modes which could
change response time is difficult to justify without extensive testing.
For this reason the elimination of response time testings for this
device was not recommended.

Transmitter/Switches

Transmitters and switches can be eliminated from response tims: testing
based on analyses performed by EPRI (Reference 1) and :x2:.'i*.onal BWROG
Analyses for sensors not included in the EPRI analysis.

(1) Transmitters/Switches Included in EPRI Analysis
Only two failure modes and two manufacturing/handling defects were

identified in Reference 1 as affecting response time without
concurrently affecting sensor output. These failure modes and

TAG33/RTT-1 7=3



NEDO-32291

<”°Q&‘<‘

defects apply only to sensors utilizing a fill fluid to transfer
the process pressure to the sensing eiement. Rosemount sensore are
the only sensors of this type identified for plants participating
in this BWROG study. The two failure modes affecting response time
are the slow loss of fill fluid during pressurized operations and
variable damping potentiometer misadjustments during maintenance,
For sensors that are susceptible to the slow loss of fill-oil,
Drift Analysis is the preferred method to detect the change in
instrument performance. Other diagnostic techniques such as
sluggish response and process noise analysis may be used to
supplement Drift Analysis. When enough fluid (Reference 10-13) is
lost to cause a significant response time degradation, the sluggish
response of the leaking sensor will be detected during transmitter
calibration.

For transmitters with variable damping, measures must be taken to
ensure that the potentiometer is at the required setting at the
time of installation and after major maintenance.

The two manufacturing and handling defects are low sensor fill
fluid during manufacturing and crimped fill capillaries due to
manufacturing or mishandling during installation/maintenance.

Since November 1989, vendor testing has been implemented to ensure
acceptable fill and capillaries. 1In addition, when low fill fluid
or crimped capillaries affect response time, the degradation can be
detected during pre-installation calibration.

(2) Transmitters/Switches Not Included in EPRI Analysis
Two switch models used in BWR plants were not part of the EPRI
report. The analysis of the failure modes that could potentially
affect the response time of these components indicate that response

time testing is not reguired.

Loop Devices

The analysis of several other components used in the
instrumentation loops of participating BWR plants indicate either
response time is not affected or the degradation in response time beyond
acceptable limits would be detected by other surveillance tests.
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A review of industry failure experience provides valuable insight
to potential failure modes. The sources of this database search
affecting instrumentation response times include:

7.4 FAILURE EXPERIENCE REVIEW

* EPRI

*GE SILs (Service Information Letters)
* NPRDS

*NRC Bulletins

*NRC Information Notices

* Plant Surveys

A representative listing of the response time sensitive component
failure experience, along with the Technical Specification surveillance
testing that would have also identified the failure mode, is shown in
Appendices D and E. Appendix D provides the results from a review of
generic BWR experience. Appendix E provides the results of experience as
reported in plant surveys.

FAILURE EXPERIENCE DATABASE SUMMARY:

. End-of-life component failures (approximately 15%, 9 of 70
events)

. Material property defects, which have been improved over the
years by using better materials (approximately 20%, 16 of 70
events) .

. Improper installations or not properly following procedures
(approximately 15%, 10 of 70 events).

° Many manufacturers' defects, inadequate tolerances, and
inappropriate design deficiencies have been addressed by new

designs (approximately 35%, 25 of 70 events).

. Improper operation of the device, and other miscellaneous
failures (approximately 15%, 10 of 70 events).

FAILURE EXPERIENCE REVIEW CONCLUSIONS:

. Function is normally lost when response time is affected.
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. Failures affecting response time could have been identified by
other tests and/or technigues.

. There are relatively few response time unique failures.
7.5  APPLICATION OF RESULTS TO OTHER PLANTS

The two lead plants analyses, (Fermi-2 representing BWR4s and River
Bend representing BWREs), provide the technical framework for the
verification of the other participating BWRs. The majority of the
components were identified as part of the lead plant analyses.

Those components that were not covered by the lead plant analyses
were analyzed separately. Most of these components are in the RPS,
radiation iscolation instrumentation area and Reactor Water Cleanup
(RWCU) Systems. Some of the components, such as radiation detectors and
solid-state logic cards that have a self-test feature, are already
exempt from response time testing. Components and devices such as
annunciators, seal-in devices, recorder pens, alarms and lights that
have no bearing on response time were excluded from these analyses.

A summary of the individual plant-specific verifications for the
participating BWRs is provided in Appendix G. As a first step, all RTT
components were grouped and listed for each plant. Appendix G alsc
identifies the type of component and whether it is a unigue RPS or
radiation component. This classification was necessary for reasons
detailed in Section 5 (i.e., only the RPS sensor is exempt from response
time testing even though other components within that channel may also
qualify for exemption). Radiation channels also employ unigue
components, and the failure modes evaluation for the radiation channels
with Log Rad Monitors (238X660 Series) revealed failures that do not
allow elimination of response time testing. Similarly, time delay relays
will require calibration to assure setp-int sccuracy.

The lead plants analyses were supplemented by .ndividual component
failure mode analysis, failure experience .eviews, and identification of
other tests and/or techniques that can detect response time failure
modes. The application of lead plant results, along with additional
supporting analyses representing the unique components, justifies the
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elimination of plant specific RTT requirements identified and documented
in Appendix H.

7.6 FUTURE MAINTENANCE AND DESIGN MODIFICATIONS

Plants that implement the recommendations justified in this LTR may
need to revise plant procedures and/or provide training to ensure that
required testing is performed properly. Although RTT is not required
for the majority of the components at the time of "like for like"
replacement, acceptance testing is performed as required to ensure
critical design requirements are maintained.

TAG33/RTT-1 =7



NEDO~-32291

o"“’?‘

Table 7-1
VENDOR MODELS FOR COMPONENT GROUPS

(a) Trip Units

. Rosemount 510DU
. Rosemount 710DU
. GE Trip Unit Series G100-G700

(b)

E

GE HFA

GE HMA

GE HGA

Bourns

Agastat GP/EGP Family
ASEA RXMH2

GE SAT6004

GE Type CR105

GE Type CR205

GE Type CR305

GE Type CR120A

Potter Brumfield MOR
Potter Brumfield MDR
Potter Brumfield KH4650

® % 8 8 5 8 & s s s 0

(c) Time Delay Relays (Require Calibration)

Agastat TR/ETR

GE Type CR2820
Eagle Signal HPS
Agastat 7000/E7000

(d) Flow Devices (Bailey/GEMAC Modules)

. 752 Summer
. 750 Square Root Extractor
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Table 7~1

VENDOR MODELS FOR COMPONENT GROUPS
(Continued)

(e) Radiation Devices

Radiation Detector

-~ Sensor/Converter 194X927 (Exempt from RTT)
- Gamma Ion Chambes 237X731 (Exempt from RTT)

Trip Auxiliary Unit (238X6€57 Series)
Indicator Trip Unit (129B2802 Series)
NUMAC Log Rad Monitor (304A3700 Series)
Log Radiation Monitor (238X660 Series)
{(Not Eliminated from RTT)

(f) BWR Pressure Sensors Included in the EPRI Analysis

Barton 288 and 289 Differential Pressure Indicating

Switches

Barton 763 Gauge Electronic Pressure Transmitter

Barton 764 Differential Pressure Electronic
Rosemount Differential Pressure Transmitter
1152

Rosemount Differential Pressure Transmitter
1154

Rosemount Pressure Transmitter Models 1151,
Rosemount Pressure Transmitter Models 1153,
SOR Differential Pressure Switch

SOR Pressure Switch

(¢) Sensors Included in BWROG Analysis

.

(h) External

Barton 760
Barksdale TC9622-3
Barksdale BIT-M12S55-GE

Devices

.

TAG33/RTT-1

560 Alarm Unit

745 Alarm Unit

Rosemount/GE Trip Unit Noise Suppression
Filter Capacitors

- Cornell Dublier WBR 2000~50

- Sprague 500D~35

Transmitter
Models 1151,

Models 1153,

1152
1154
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Table 7-1

VENDOR MODELS FOR COMPONENT GROUPS
(Continued)

(1) Miscellanecus Devices

Power Supply

Hi Current lsolatcr 133D9547
Optical Isclator 204B6186AA
Optical I=clator 204B6188AA
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The BWR Owners' Group has determined selected response time tests
required by Technical Specifications can be eliminated as a Cost
Beneficial Licensing Action bared on improved plant safety and reduced
plant operation and maintenance costs. This conclusion is consistent
with the findings of NUREG-1366 and the recommendations of Generic
Letter 93-05. The following is a summary of the general conclusions
that support the BWROG proposed changes as a Cost Beneficial Licensing
Action:

8.0 CONCLUSIONS

(1) Response time test elimination provides an improvement to plant
safety and operation by:

Reducing the time safety systems are unavailable
e Reducing safety system actuations

. Reducing shutdown risk

. Limiting radiation exposure to plant personnel

. Eliminating the diversion of key personnel to conduct
unnecessary testing

(2) Plant operating history and experience clearly show that
response times &are maintained with the current practices.

(3) Existing surveillance tests (calibration tests, functional
tests, channel checks, and logic system function tests) ensure
instrument health based on the following:

. Analysis of instrumentation failure modes confirm with
reasonable assurance that failures which affect response
times can be detected during other surveillance tests
required by current Technical Specifications.

. Instrument response time delays on the order of 3 to 5
seconds can be reasonably detected by instrument
technicians. Test procedures will be revised (if
necessary) as part of RTT elimination to provide

TAG33/RTT~-1 B3
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additional assurance that the instrument technician
recognizes response time delays in instrumentation.

(4) Individual instrument channel response time delays for specific
trip functions and components (on the order of milliseconds)
are a small fraction of response times assumed in safety
analyses. Analyses of design basis events indicate that a 3 to
5 second delay in the frstest required response times in RPS
and MSIV closure (0.35 to 1.05 seconds) would have no
significant safety impact. This 3 to 5 second time delay would
with reascnable assurance he detected by an instrument
technician.

In addition, the following are specific conclusions resulting from
the BWROG evaluations:

(1) The response time components can be categorized in*o the
following generic component groups: (1) trip units, (2) relays,
(3) time delay relays, (4) RWCU unique flow devices; (5)
radiation devices, (6) transmitters and switches, and (7) loop
devices. For a majority of these components, failure modes do
not affect response times. For components where response time
was affected, any significant response time degradation beyond
acceptable limits can be readily detected by surveillance
tests, except as described below:

. Log Rad Monitors (238X660 Series) have potential failure
modes which could change response time. Elimination of
response time tests for these components is difficult to
justify without extensive testing and therefore cannot be
eliminated based on analyses performed by the BWROG to
date.

. Time delay relays will rvquire celibrations to assure
setpoint accuracy.

. For transmitters with variable damping, measures must be
taken to ensure that the potentiometer is at the required
setting at time of installation and after major
maintenance.
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* EPRI Report NP-7243 (Reference 1) identified cases where
response time tests did not detect the slow loss of fill-
0il. However, Drift Analysis and other techniques are
available to detect the resulting change in instrument
performance. This testing will be implemented per the
guidelines of NRC Bulletin %0-01 and the associated
supplement (Reference 7) to detect the change in
instrument performance caused by slow oil loss.

(2) Components such as radiation detectors are exempt from response
time testing in the Technical Specifications. Similarly, logic
cards with a self-test feature used in solid-state plants are

exempt .

(3) RTTs of instrumentation loops for the following trip functions
in the Isoclation Actuation System instrumentation and ECCS
instrumentation can be eliminated based on other Technical
Specification surveillance of the instrumentation loops and/or
other techniques as reguired:

- All ECCS actuation instrument loops
- All Isolation System Actuation instrumentation loops
except for Main Steam Isolation Valves (MSIVs) sensors

{4) RTTs of sensors for the following trip functions in the RPS and
MSIV isclation surveillance requirements can be eliminated
based on other required Technical Specification surveillance
tests:

- Reactor Water Level 3 (RPS)

- Reactor Water Level 8 (RPS)

- Reactor High Steam Dome Pressure (RPS)

- Reactor Water Level 1 (MSIV Closure)

- Main Steam Line Radiation - High (MSIV Closure)
- Main Steam Line Pressure - Low (MSIV Closure)

- Main Steam Line Flow - High (MSIV Closure)

TAG33/RTT-1 8-3
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LIST OF UTILITIES/PLANTS PARTICIPATING IN THIS EVALUATION

UTILITY NAME

Carclina Power & Light Company
Cleveland Electric Illuminating Co.
Commonwealth Edison Company
Detroit Edison Company

Entergy Operations Inc.

Georgia Power Company

Gulf States Utilities Company
Illinois Power Company

Niagara Mohawk Power Corporation
Pennsylvania Power & Light Company
Philadelphia Electric Company

Public Service Electric and Gas

PLANT NAME
Brunswick 162
Perry
Lasalle 1l&2
Fermi 2
Grand Gulf
Hatch 2
River Bend
Clinten
Nine Mile Point 2
Susguehanna 1&2

Limerick 1l&2

Hope Creek

Washington Public Power Supply System WNP 2

A-1/A-2
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DESCRIPTIONS OF TECHNICAL SPECIFICATION SURVEILLANCE TESTING AND OTHER
TECHNIQUES

This Appendix provides descriptions of Technical Specification
surveillance ‘esting and includes the response time Technical Specifica-
tion requirements selected for elimination for the participating BWRs.
The BWR 4/5 plant Technical Specification requirement tables hav: been
separated from the BWR 6 tables. The response time testing Technical
Specification requirements have been categorized separately for RPS,
Isclation Actuation instrumentation and ECCS.

B.1 Channel Calibration
B.1.1 Standard Technical Specification Definitaion

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of
the channel ocutput such that it responds with necessary range and
accuracy to known values of the parameter which the channel monitor:.
The CHANNEL CALIBRATION shall encompass the entire channel, including
the sensor and alarm and/or trip functions and shall include the CHANNEL
FUNCTIONAL TEST. The CHANNEL CALIBRATION may be performed by any series
of sequential, overlapping or total channel steps such that the entire
channel is calibrated.

B.1.2 standard Channel Calibration Description

Channel calibrations are typically conducted once every eighteen
months, although calibrations may be performed more or less frequently
in some applications/olants. Channel calibrations contain more
instruments/device. ..an those requir~:@ 7ar Technical Specification
operability and normally will conti. s all instruments/devices in the
loop. Engineering design calcevlations are the source of input values,
as found (leave alone) and a: left tolerances, required limit v.luss and
test equipment accuracy. Ca.ibrations are performed by a technician
removing the instrument £roin service and applying a know: input. Output
is compared to the input at several (typically 9) points over the
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B.2 Channel Chec’s
B 2.1 Stardara Techaical Specification Definition

A CHANNEL CHEUK shall be the qualitative asseusmwent of channel
behavior during operation by observation. The deterrination shall
include, where possiple, comparisons of channel indization and/or status
with other indicsations and/or status derived fr.m independent instrument
channels measuring the same parameter.

B.2.2 Standard Channel Check Description

Channel checks are routinely conducted once per shift or daily.
Channel checks are qualitative assessments of channe) behavior during
operation by observation and comparison of the channel indiczations
and/or status from independent instrumentation channels measuring the
same parameter. Redundant channel readings are compared to each other
and to the acceptance criteria; hence, a channel check is a judgment as
to whether an instrument properly reflects the conditions it is
monitoring rather than a simple comparison of readings. The operator
performing the channel check must determine if the instrument being
checked is acceptable or unacceptable based on plant conditions,
instrument behavior and/or past experience.

B.3 Channel Functicnal Test
B.3.. Standard Technical Specification Definition
A CHANNEL FUNCTIONAL TEST shall include:

e Analog Channels - the injection of simulated signal into the
channel as close to the primary sensor as practicable to verify
OPERABILITY including alarm and/or trip functions and channel
failure trips.

e Bistable Channels - the injection of a simulated signal into
the channel sensor to verify OPERABILITY including alarm and/or
trip functions.
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The Lhannel Functional Test may be performed by any series of
sequential, c«verlapping or total channel steps such that the entire
channel is tested.

B.3.2 Standard Channel Functional Test Description

Channel functional tests are normally performed once every month
or quarter. A signal above a trip setpoint will typically be applied
and the proper output functions will be verified. Functional test input
may be applied at the trip unit output in lieu of testing the sensor.
Thes? are qualitative tests which test instrument function but not
necessarily setpoints. A functional test will test as much of the
channel as possible without interfering unacceptably with the normal
plant operations. This test requires testing from the
sensor/transmitter to the point where a channel loses its identity. In
order to verify proper contact operation (whene.er possible), functional
tests will tahe credit for installed plant equipment such as lights,
alarms, etc. Where a direct indication of contact operation is not
availible, a voltage test is performed. For circuits which de-energize
to actuate logic or contacts OPEN to trip, a visual verification of
contact operation may be performed in lieu of a voltage check where the
gap between contacts is readily observable.

B.4 Logic System Functional Test
B.4.1 Standard Technical Specification

A LOGIC SYSTEM FUNCTIONAL TEST as defired in existing Standard
Technical Specifications is a test of all relay. =nd contacts of a logic
circuit, fror a sensor to actuated device, to ensure that components are
OPERABLE pe. design requirements.

A LOGIC JYSTEM FUNCTIONAL TEST as define< in the Improved Standard
Technical Specifications is a test of all logic components (i.e., all
relays and contacts, all trip units, solid-state logic elements, etc.)
of a logic uircuit, from as ~lose to the sensor as practicable up to,
but not including the actuated ucvice, to verify OPERABILITY. The LOGIC
SYSTEM FUNCTIONAL TEST may be performed by any series of sequential,

overlapping or total system steps such that the entire logic system is
tested.
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B.4.2 Logic System Functional Test Description

A logic system functional test is typically performed during the
outage when the plant is in a cold shutdown condition. A logic system
functional test will test the entire loop starting as close to the
sensor as practicable all the way to the actuating device. Unlike the
monthly/quarterly functional test which will test up to the point where
a channel loses its identity, the logic system functional test includes
the verification of the stroking of actuation devices.

The logic system functional test will ensure that all possible
logic combination paths for a trip signal are tested. Test bypasses are
also tests that ensure bypasses do not inhibit trip functions. Logic
system functional tests make extensive use of overlap testing. Credit
for testing may be taken from calibrations, functional, response time
testing, or operational surveillance procedures if they have an
appropriate testing frequency.

B.5 Responie Time Test
B.5.1 Standard Yechnical Specification

The REACTOR PROTECTION SYTEM (ISOLATION SYSTEM, ECCS) RESPONSE
TIME of each trip function shall be demonstrated to be within its limit
at least once per 18 months. Each test shall include at least one
channel per trip system such that all channels are tested at least once
every N times 18 months, where N is the total number of redundant
channels in a specific trip system.

B.5.2 Response Time Test Description

Response time tests are typically performed during the outage when
the plant is in a cold shutdown condition. The response time may be
measured by any series of sequential, overlapping or total steps such
that the entire response time is measured. The response time test
requirments in BWR Technical Specifications for the Iscolation Actuation,
RPS, and ECCS are pr~vided in Table B~1 for the participating plants.

Extensive review of the participating plant procedures reveals
that the majority of the plant response time testing is broken down into

TAG33/RTT-1 B~4
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three testing phases (Table B-2). The response time testing phases are
defined as follows:

Phase I
The sensor response time test is the most complex, resource
intensive and exposure dependent part of respoase time testing.

Phase II

In this phase, the trip unit (master trip unit and slave trip
unit), along with the trip unit output relay, is response time
tested.

Phase IIIX
This phase tests the remainder of the relay logic up to the
actuating device, but not including the actuating device.

Ehase IV

Clinton, which is a solid-state plant, employs four testing
phases. The testing phases are set up differently for Clinten
such that Pha.e III is defined as the logic delay time constant
and Phase IV as the relay logic to the actuating device.

In addition to the overall system or trip function response time
Technical Specification requirements, most plants implement administra-
tive limits for each corresponding test phase. The administrative
limits are more conservative ancd are summed to show that the overall
Technical Specification requirements are met.

The sensor response times range from as fast as 10 milliseconds to
as slow as 530 milliseconds. The response requirerent varies, depending
on the type of sensor. Trip units, on the other hand, operate in the 2
millisecond range or instantaneous. The design response times for
relays range from 15 to B85 milliseconds.

A sample of measured Fermi-2 response time testing results broken
down by phase is provided in Table B-3, It can be concluded from these
measurements that the instrumentation is a very small part of the
overall requirement. The instrumentation tencs to operate in the
milliserond range as opposed to pumps, valves and the overall system
requirenment,

TAG33/RTT-1 B-5
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Table B-2

S SO A SR e S T 0'94,47.

v 22
-~ k4 Grend 2 River
Srunewick®® | Ciinten fermi-2 | OQulf | Menford | Motch® | Creek | iaSelle | Lismerick | Perry**® | Bend | Susqueharres
Phase ! X X L = X X X X X X A ¥
Phase 11 ® X X | % X X X ! X X |
Phase 111 X R | X ~ L1 ¥ * x % kK X
Phese IV Ba X w2 = w3 L L) L Bt L1 “A wt (7Y
NOTES:
Phase I - Sensor

Phase II - Trip Unit and MTU output relay
Phase III - Relay logic to actuating device

*
‘e

L L

ene

BCC8 RTT has two phases.
*1inton has Phase IIY defined as logic delay time constant and Phase IV has relay logic to

actuating device.
Some trip functions in HPCI, MSL - Radiation Hi Puel Pool Ventilation, RWCU are

teated together.

RPS tasting is done in different combinations of Phases I and II.

Phissa IIT teating is rolled into these tests.

Although Perry does not specify testing phases, Phases I and II are combined to provide a loop
response. The results from this combined testing are incorporatad within select system performance
tests to completa the sntire responss time test.

Fermi -2 has one phass for ths radiation monitors.

Hope Creek and LaSalle perform Phasa I testing, but Phases II and III are combined into a single

phase of testing.

T62ZE~OQAN
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Table B-3

Dg4

FERMI-2 RTT MBASUREMENT DATA AND RESULTS (Continued)

*y

RYT Procedure
Sonaor Phass | Phase 11 Phase 111 Total
RIT Loops umier Husber Sevicion (msec) {msec) (maec) (msec)
PCI LEVEL-2 821081 & 44.020.011 2t 139 7 72.2 (RxL1) 259.2
RY VTR LEVEL-? 107.2 (*xl2) 2%6.2
L 44.020.012 2 70 10 6 (RxLY) 269.0
5 (Rxt2) ars.0
c 44.026.013 21 200 110 89 (mxil) 399.0
100 (®xl2) 410.9
[ 44.020.01¢ 21 220 s3 8.8 (mxLY) 351.6
85.6 (mxL2) 358.4
MR C%f HPCL
gcce S21IN0% € 44 .030.307 Pl 400 20 e & = srae
DRYMELL PRESS. ! 44.030.308 2% 420 7 $ S 8 532
e 44.030.309 20 350 t® 7 5% & 436
44.030.310 2t 530 16 &7 &7 & 613
DRYWELL PRE3S. Wi CTIN030 A 44.020.0%8 2 152 9.5 113 3145
44.020.01% 22 2r 61 t10.7 298.7
44.020.017 22 ] 55 155 295.0
o 44.020.018 2 100 53 108 258
RCIC FLOW Wi EAINOST A 44,020,281 2 32 20 2.9 sec 2.952 sec
& 44.020.262 28 2 2% 3.2 sec 3.241 sec

1622£-003N
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Table B-3

%4,

FERMI -2 RTT MEASUREMENT DATA AND RESULTS (Continued)

RIT Procedurs
Sesor Phese | Phase 11 Phase 111 Tote!
RTT Loops M aber Kuster fRevision (msec) (maec) (msec) (meec)
L FLOW W! B2180%88 A 44.020.043 21 24 ] 13 232.0
L] 44.020.044 4] &7 14 n 156.0
c 44,020,048 21 28 43 78 167.0
L] %4.020.048 2t 3 43 144 152.0
HSL FLOM M1 B21H089 A 44,020,043 21 s 100 13 238.¢
8 44.020.044 N r 8% T2 164.0
[ 4 44.025.04% 4] 23 b3 | 76 154.8
® 44,020,048 2 24 56 ” 157.9
N LPEl €5 NPCI
gccs 8215091 A 44.0%0.299 3 $0 23 %o 355 S8 213
LPCS i 44.030.260 23 70 19 120 &0 20 209
c 44.030.289 22 161 20 129 34 & 302
0 &4.030. 262 22 138 19 119 68 19 273
Phase 11
L idd A NS No. INS No. RY (oec)
| %4.020.019 22 DIINODGA | DIIKG03A 9.615 Kzin Steam Line Rediation
44.020.020 F4] D11u0063 0116038 0.64
£4.020.021 2 D1 1N006C o11x603C 0.4652
44.020.022 n 1180060 91126030 0.47
&4 .,0206.109 22 LI11RD10A D1IRSOPA 0.0333 fusl Pool Ventilation Exhsust Rediation
44.026.1%0 23 pitnot0R ARG ] 0.1
44,020,111 3 S1i5010C 211K609C 0.4
84,020,112 2 911x0%00D 911xs0%0 0.123

* ¢ imiting Veluss Corresponding to LPCI snd RNR.

1622€~OQaN
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LEAD PLANT RTT INSTRUMENTATION LOOP COMPONENTS

This Appendix details the Fermi~2 Lead Plant instrumentation loop

components, their corresponding functions in the respective loops, and their
model and MPL [Master Parte List/Plant Identification System (PIS)) numbers.
The top heading for each instrumentation loop identifies the trip function,
system description, table and item number, and the response time requirement.
The drawings used in the analyses, and their revision and sheet numbers are
listed at the bottom of each loop description. This comprehensive loop
analysis was conducted for each of the trip functions for both lead plants.

C.1.1 Bases and Assumptions for the RTT Instrumentation Loop Component
Identification (Fermi~2 and River Bend)

The following bases and assumptions were made in the RTT analyses:

Drawing numbers reflect the most current revisions identified and
verified by the plants.

RTT instrumentation trip functions specified in the technical
specifications have considerable overlap due to common
instrumentation branches. Therefore, each RTT trip function
separately identifies components reflecting only the most pertinent
branch under consideration.

One out of the four identical channels have been analyzed
(typically, Channel A).

Seal-ir. carcuits, annunciators, computer points, alarms/lights,
recorder pens etc. that have no sensitivity with respect to
response time have been excluded from the loop analyses.

All response time sensitive components starting from the sensor up
to the actuating device (but not including the actuating device)
have been identified. Actuating devices are excluded because they
are not considered part of instrumentation response time tests.
However, for some loops, actuating devices have been listed only for
identification purposes indicating the loop termination point.



In most cases, balance-cf-plant (BOP) components such as exhaust
fans, supply fans, etc. have not been considered. Components that
perform primary functions and can potentially affect response times
with respect to a given loop have been considered.

A list of Fermi-Z response time testing procedures that were
reviewed or referenced is provided in Table B-3 of Appendix B..

For River Bend, confirmation of GE drawings aga.nst the plant
drawings was conducted by the plant personnel and any modifications
or differances were resclved.

It is assumed that the complementing channel is in such a state as
to allow the analyzed channel to perform that action. For this
reason one~out~of-two twice and two-out-of-two logic has not been
noted in the loops.
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RTT TRIP FUNCTICN TABLE NO: 9.5.2-2 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: 3.0
SYSTEM DESCRIPTION . Reactor Protection System Response Times
TRIP FUNCTION DESCRIPTION : Rx Vessel Steam Dome Pressure High
T/8 RTT REQUIREMENT (Sec) : <= 0.55
DEVICE
DESCRIPTION OF COMPONENT FUNCTION P1S & MODEL #
Pressure Transmitter Senses excessive Dome Pressure. B21-NO78A
Rosemount 1153
Master Trip Unit Provides trip signal for RPS. B21-N678A
Rosemount 510DU
Testability Relay Opens on Reactor High Pressure. C71-K206A
Agastat GP
RP5 scram Relay De-energizes on High Dome Pressure C71A-K5A GE HFA

Trip Unit signal.

Scram Contactors De-energizes the Scram Solenoids. C71A-Kl4A, E CR105

Reference Drawing Numbers:-
61721-2155-16 Rev. 61721-2155-04 Rev. K
61721-2155-08 Rev.
61721-2155-15 Rev.
61721-2155-06 Rev.

Xx tm
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RTT TRIP FUNCTION TABLE NO: 3.3.1-2 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: 4.0
SYSTEM DESCRIPTION . Reactor Protection System Response Times
TRIP FUNCTION DESCRIPTION : Rx Vessel Lov Water Level - Level-3
T/8 RTT REQUIREMENT (Sec) : <= 1.05
DEVICE
RESCRIPTION OF COMPONENT FUNCTION EIS & MODEL ®
Level Transmitter Senses Water Level-3. B21-R0O80A
Rosemount 1153
Master Trip Unmit Provides trip signal for RPS. B21-N68B0A
Rosemount 510DU
Testability Relay Opens on Reactor Low Water Level-3. C71-K207A
Agastat GP
RPS scram Relay De-energizes on Level-3 Trip Unit C71A-K6A GE HFA
signal.
Scram Contactors De-energizes the Scram Solenoids. C71A-K14A E CR105

Reference Drawing Numbers: -
61721-2155-15 Rev. H 61721-2155-16 Rev. F

61721-2155-06 Rev. M 61721-2155-08 Rev. J
61721-2155-04 Rev. K

C-&



RTT TRIP FUNCTION TABLE NO: 3.3.2-3

NEDO-32291 DR AFT

Fermi-2___ (1 of 1)

RTT TRIF FUNCTION ITEM NO: l.a.l

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Reactor Vessel Low water Level- Level-3

: Primary Containmeut Isolation

T/S RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION BIS & MODEL #
level-3 Transmitter Senses level and provides analog B21-NOB0A

signal te the MTU.

Rosemount 1153

Master Trip Unit

Trips at preset level to de-eneregize
output Relay.

B21-N6B0OA
Rosemount 510DU

MTU Output Relay

Opens on Reactor Water Level below
Level-3.

C71-K207A
Agastat GP

Interfacing Relay

Opens contacts on Low Water Level-3.

C71A-K6A GE HFA

Interfacing Relay

Opens contacts on Low Water Level-3

A71B-K6A GE HFA

Initiation Relay

Permissive to close valve E11-FOl5A.

A71B-K17 CR120A

Interfacing Relay &
Initiating Relay

Closes valve G11-F019, G11-F003
Drywell Drain Outbd Isol valve and
TIP Ball valve isolation.

A71B-K59 CR120A

Interfacing Relay

Actuates RHR Inbd Solencid valve
Logic.

A71B-K76
Agastat GP

Initiation Relay

Closes valves E11-F009, El11-F022 &

RHR Shutdown Cooling & Head Spray Inbd

Isolation valves.

A71B-K29 CRL20A

Reference Drawing Numbers:-

61721-2155-16 Rev.
61721-2155-15 Rev.
61721-2155-06 Rev.
61721-2155-04 Rev.

61721-2095-14 Rev.
61721-2095-33 Rev.
61721-2201-15 Rev.
61721-2205-17 Rev.

xExm
o=

c-5



DR AFT NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 2)

RTT TRIP FUNCTION ITEM HO: l.a.2

SYSTEM DESCRIPTION ¢ Primary Containment Isolation

TRIF FUNCTION DESCRIPTION : Rx Vessel low Water Level - Level-2

T/8 RTT REQUIREMENT (Sec) : <= 13.0

DEVICE

PESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #

Level-2 Transmitter Senses level and provides analog B21-NOB1lA

signal to the Master Trip Unit,

Rosemount 1153

Master Trip Unit

Trips at preset level to de-energize
the MTU output Relay.

B21-N68lA
Rosemount 510DU

MTU Output Relay Opens below water Level-2. C71-K208A
Agastat GP
Interfacing Relay De-energizes to open contacts on A71B-K1A HFA

Low water Level-2.

Interfacing Relay

De-energizes on High Drywell Pressure
or Reactor water Level-2.

A71B-K37 CR120A

Initiation Relay Actuates Recirc Pump Seal inboard A71B-K101A
Isolation valve FOl4A. Agastat GP
Initiation Relay Actuates Recirc Pump Seal inboard A71B-K101B
Igolation valve FOl4B. Agastat GP

Initiation Relay

Actuates PCRMS valve T50-F450 and
T50-F451.

A71A-K900 CR120A

Initiation Relay Actuates valves T48-F455, T4B-F457, A71B-K103A
and T48-F&04, Agastat GP

Initiation Relay Actuates valves T4B-F601, T48-F602. A71B-K103B
Agastat GP

Initiation Relay Actuates valves T46-F400. A71B-K103C
Agastat GP

Reference Drawing Nos: -

61721-2155-22 Rev.
61721-2155-15 Rev.
61721-2095-14 Rev.
61721-2095-33 Rev.
61721-2105-14 Rev.

G e

61721-2611-10 Rev,
61721-2671-15 Rev.
61721-2451-04 Rev.
61721-2658-07 Rev.

C-6

"ZONw

61721-2155-06 Rev.
61721-2155-04 Rev.
61721-2451-04 Rev.
61721-2105-13 Rev.



RTT TRIP FUNCTION ITEM NO: l.a.2

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

NEDO-32291 DR AFT

RTT TRIF FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (2 of 2)

: Primary Containment Isolation

Ex Vessel Low Water Level - Level-2

T/S RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION RIS & MODEL #
Initiation Relay Actuates B31-F019, Reactor water A71B-K77
Sample valve. Agastat G?

Initiation Relay

Opens Permissive for system T49-F601
& F&465 Isolation valves Division-1.

T41M079 CR120A

Interfacing Relay

Primary containment isolation.

T41MO85 CR120A

Initiation Relay Actuates valves G51-F600 G51 -M4054
and G51-F602 Agastat EGPD

Initiation Relay Actuates valves G51-F604 G51-M4O5B
and G51-F606 Agastat EGPD

Reference Drawing

61721-2155-22
61721-2155-15
61721-2095-14
61721-2095-32
61721-2105-14

Nos: -

Rev.
Rev.
Rev,
Rev,

A

LEHXI-

617.1-26.1-10 Rev.
61/7.-2671.15 Rev.
61°21-2451-04 Rev.
61721-2658-07 Rev.

m=ZOY

c-7

6€1721-2155-06 Rev.
61721-2155-04 Rev.
61721-2451-04 Rev.
61721-2105-13 Rev.
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RTT TRIP FUNCTION TABLE RO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FURCTION ITEM RO: 1.a.3
SYSTEM DESCRIPTION . Primary Containment Isolation
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low water Level- Level-l
T/8 RTT REQUIREMENT (Sec) : <m 1. 0% & <= 13, 0w
DEVICE
DESCRIPTION OF COMPONENT FUNCTION BIS & MODEL #
Level-1 Transmitter Senses level and provides analog B21-NO81lA
signal to the MIU & STU. Rosemount 1153
Slave Trip Unit Receives analog signal from MIU & B21-N6B4A
trips at preset value to activate Rosemount 510 & 710DU
valve closure,
STU Output Relay Opens on Reactor Water Level below C71-K260A
Level-1 & closes RWCU & Drain valves. Agastat CP
Interfacing Relay De-energizes to activate the valve A71B-K7A GE HFA
closure.
Initiation Relay De-energizes to close Main Steam Line A71B-K56 CR120A
Drain valves B21-FO16.
Initiation Relay De-energizes to close Main Steam A71B-K52 GE HFA
Line.
Initiation Relay De-energizes to close Main Steam A71B-K14 GE HFA

Isolation valves.

Reference Drawing Numbers:-

61721-2095-15 Rev.
61721-2091-01 Rev.
61721-2095-17 Rev.
61721-2095-18 Rev.

€1721-2155-22 Rev.
61721-2155-15 Rev,
61721-2095-14 Rev.
61721-2095-33 Rev.

- ol ]
ZOoOwXx

Remarks:
* Isolation system instrumentation response times for MSIVs only.
** Jsolation system instrumentation response times for associated
valves except MSIVs.

c-8
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 2)

RTT TRIP FUNCTION ITEM NO: 1.b

SYSTEM DESCRIPTION : Primary Containment Isclation

TRIP FUNCTION DESCRIPTION : Drywell Pressure - High

T/S RTT REQUIREMENT (Sec) : <= 13.0

DEVICE

RESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Pressure Transmitter Senses Pressure and pfssiuct analog C71-NO50A

signal to the MTU. Rosemount 1153

Trips at preset level to dn-cnaro.‘zi C71-N650A
output Relay. Rosemount 510DU

Master Trip Unit

MTU OQutput Relay De-energizes when Drywell Pressure C71-K216A

is above setpoint. Agastat GP

Interfacing Relay Opens on Drywell Hi-Pressure. C71A-K4A GE HFA

Interfacing Relay De-energizes upon receiving signal A71B-K5A GE HFA

from Relay C71A-K4A.

Initiation Relay

Actuates Reactor Water Sample valve
B31-F019.

A71B-K77
Agastat GP

Initiation Relay

Actuates TIP Ball valves Permissive
for A71B-K40 and A71B-K42.

A71B-K59 CR120A

Interfacing Relay &

Initiating Relay

Actuates valve Gl1-F019, F003
Drywell Drain Outbd Isol valve.

A71B-K42 CR120A
A71B-K40 CR120A

Interfacing Relay

De-energizes upon receiving signal
from Relay A71B-KS5SA.

A71B-K37 GE HFA

Initiation Relay

Actuates Recirc Pump Seal inboard
isolation valve FOl4A.

A71B-K101A
Agastat GP

Initiation Relay

Actuates Recirc Pump Seal inboard
isolation valve FO14B.

A71B-K101B
Agastat GP

Reference Drawing Numbers:-

61721-2155-22 Rev.
61721-2155-15 Rev.
61721-2155-06 Rev.
61721-2155-04 Rev.

61721-2095-14 Rev.
61721-2095-33 Rev.
61721-2105-10 Rev.
61721-2205-17 Rev.

> XX e
[« 4 o




DRAFT

RTT TRIF FUNCTION TABLE RO: 3.3.2-3 Ferwi-2 (2 of 2)
RTT TRIP FUNCTION ITEM KO: 1.b
SYSTFY DES({ _IPTION : Primary Containment Isolatiom
TRIP FUNCTION DESCRIPTION : Drywell Pressure - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONENY RIS & MODEL »
Initiation Relay Actuates PCRMS valve T50-F450 and A71A-K900 CR120A
T50-F451.
Initiation Relay Actuates valves T4B-F455, T4B-F457 A71B-K103A
and Té48-F406. Agastat GP
Initiation Relay Actuates valves T48-F601 & T4B-F602. A71B-K103B
Agastat GP
Initiation Relay Actuates valve T&6-F400. A71B-K103C
Agastat GP
Initiation Relay Opens Permissive for system T49-F601 T41MO79 CR120A
and T49-Fb65.
Initiation Relay Actuates TWMS valves G51-F600, G51-M405A, B
C51-F60«, GS51-F604 and G51-F606. Agastat ECPD

Reference Drawing Numbers:-

61721-2095-14 Rev.
61721-2095-33 Rev.
61721-2105-10 Rev.
61721-2205-17 Rev.

61721-2155-22 Rev.
£71721-2155-15 Rev.
61721-2155-06 Rev.
61721-2155-04 Rev.

9N X X
O tam

c-10
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RTT TRIP FUNCTION TABLE NO: _ 3.3.2-3 Fermi-2___ (1 of 1)
RTT TRIP FUNCTION ITEM NO: 3.0:4
SYSTEM DESCRIPTION : Primary Contaimment Isolation
TRIP FUNCTION DESCRIPTION : Main Steam Line radistion - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT 2IS & MODEL
Gamma Ion Chamber Steam Sens' Radiation level & activates D11-NOO6A
Line Detector Scram .. MSIV closure sequence. (237X7316001)
logarithmic Radiation Activates trip circuits upon signal D11-K603A
Monitor (NUMAC) from Gamma Ion Chamber. (304A3700G00S5)
Trip Auxiliary Unit Output Relays and Contacts to C51A-22A
activate MSIV Closure.
Interfacing Relay " De-energizes to actuate the Main C71A-K74 GE HFA
Steam Isolation Valve closure.
Interfacing Relay De-energizes to activate the Main A71B-K&b4h CE HFA
Steam Isolation Valves.
Initiation Relay De-energizes to activate the Main A71B-K7A GE HFA
Stean isolation Valves.
Initiation Relay Actuates B21-F01l6é Main Steam Line A71B-K56 CR120A
Drain valves.
Initiation Relay Actuates MSTV valves. A71B-K52 GE HFA
Initiation Relay Actuates MSIV valves. A71B-K14 GE HFA
Initiation Relay Actuates Reactor Water Sample A71B-K77
Isolation valve B31-FOl19, Agastat GP

Reference Drawing Numbers:-

61721-2185-03 Rev.
61721-2185-01 Rev.
61721-2155-06 Rev.
61721-2155-04 Rev.

61721-2095-14 Rev. L
61721-2105-10 Rev. J
61721-2095-17 Rev. ©
61721-2095-32 Rev. N

61721-2095-18 Rev. N

=TI
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3
RTT TRIP FUNCTION ITEM NO: 1.6.2
SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : Main Steam Line Pressure - .ow

NEDO-32291 DRAFT

Fermi-2 (1 of 1)

: Primary Containment Isolation

T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION EIS & MODEL ¢
Pressure Transmitter Senses pressure in MSL and provides B21-NO76A

analog signal to the MIU.

Rosemount 1151

Master Trip Unit

Trips at preset value to activate
MSIV Closure.

B21-N676A
Rosemount 510DU

MTU Output Relay

De-energizes when Steamline Pressure
is below setpoint.

C71-K205A
Agastat GP

Interfacing Relay

De-energizes to activate MSIV Drain
valve logic and Annunciator.

A71B-K4A GE HFa

Interfacing Relay

De-energizes to activate MSIVs.

A71B-K7A GE HFA

Initiation Relay

Actuates B21-F0l6 Main Steam Line
Drain valve.

A71B-K56 CR120A

Initiation Relay

Closes Outboard MSIV's.

A71B-K52 GE HFA

Initiation Relay

Closes Outboard MSIV's.

A718-K14 GE HFA

Reference Drawing Numbers: -

61721-2155-16 Rev. F 17

61721-2095-14 Rev. L 61721-2095-11 R

61721-2095-18 Rev. N 15
N

61721-2095- Rev. O
ev. J
61721-2155- Rev. H

61721-2095-33 Rev.
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NEDO-32291 DRAFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2___ (1 of 1)
RTT TRIP FUNCTIOE ITEM NO: I
SYSTEM DESCRIPTION : Primary Containment Isolation
TRIP FUNCTION DESCRIPTION : Main Steam Line Flow - High
T/8 RTT REQUIREMENT (Sce) <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION EIS & MODEL #
Differential Pressure Senses MSL Flow (Delta-P) and B21-NO86A, NOB7A,
Transmitter provides signal to the MIU. NOBSBA and NOB9A
Rosemount 1151
Master Trip Unit Trips at preset value to activate B21-N6BEA, N6BTA,
MSIV closure. N688BA and N6BJA
Rosemount 510DU
MTU Output Relay De-energizes to close MSIVs & Drain C71-K201, K202A,
valve logic, Annunciator & Computer K203A and K204A.
peint. Agastat GP
Interfacing Relay De-energizes to activate MSIV A71B-K3A GE HFA
closure.
Interfacing Relay De-energizes to activate MSIV A71B-K7A GE HFA
closure.
Initiation Relay Actuates B21-FOlé Main Steam Line A71B-K56 CR120A
Drain valve. :
Initiation Relay T TCloses Outboard MSIV's. A71B-K52 GE HFA
Initiation Relay Closes Outboard MSIV's. A71B-K14 GE HFA

Reference Drawing Numbers: -

61,21-2175-16 Rev. F 61721-2095-17 Rev. 0
©1721-2095-14 Rev. L €61721-2155-15 Rev. H
61721-2095-33 Rev. N 61721-2095-18 Rev. N




DRAFT

NEDO-322921
RTT TRIP FUNCTION TAKLE NO: 3.3.2-3 Fermi-2__ (i of 1)
RTT TRIP FURCTION ITEM BO: 2.e
SYSTEM DESCRIPTION : Reactor Water Cleanup isolation
TR(P FUNCTION DESCRIPTION : Reactor Vessel Low water Level - level-2
T § RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMFONENT EUNCTION PI1S & MODEL ¢
Level-2 Transmitter Senses level and provides analog B21-R081A
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level to de-eneregize B21-N681A
output Relay. Rosemount 510NU
MTU Output Relay Opens on Reactor Water lLevel below C71A-K208A
Level-2. Agastat GP
Interfacing Relay Opens contacts on Low Level-2 for A71B-K1A GE HFA
RWCU lIsolation valve.
Initiation Relay Actuates G33-F001 RWCU Isolation A71B-K26 CR120A
valve.

Reference Drawing Mumbers: -

61721-2155-22 Rev. 1
61721-2155-15 Rev. H
61721-2095-14 Rev. L
61721-2265-03 Rev. M

Cc-14



NEDO-32281 FbR AFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 2
RTT TRIP FUNCTION ITEM NO: 3.a
SYSTEM DESCRIPTION : RCIC System Isolation
TRIP FUNCTION DESCRIPTION : RCIC Steamline Flow - High
T/S RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DES'RIPTION OF COMPONENT FUNCTION PIS & MODEL #

Differential Pressure
Transmitter.

Sonses High Steam Flow (Delta-P) and
provides analog signal to trip Unit.

E51-NO57A
Rosemount 1151

Master Trip Unmit

Trips at preset Flow setpoint to
de-energize the output Relay.

E51-N657A
Rosemount 510DU

MTU Output Relay Closes cn High Steam Flow. E51-K202A
Agastat GP
Slave Trip Unit Tripr at preset High Steam Flow E51-N660A, B

value.

Rosemount 510DU

Interfacing Relay Closes on High Negative differential ES1-K203A
Pressure. Agastat GP

Time Delay Relay Time Delay pickup for RCIC Isolation. ES1A-K12
Agastat TR

Initiation Relay

Activates valve ES51-F00B.

E51A-K15 GE dFA

Refe-.once Drawing Nos: -

61721-2235-11 Rev. J
61721-2235-02 Rev. O
61721-2235-01 Rev. O
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NEDO-32291 DRAFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Permi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: 3.b
SYSTEM DESCRIPTION : RCIC System Isclatiom
TEIP FUNCTION DESCRIPTION : RCIC Staamline Pressure - Low
T/8 RTT REQUIREMENT (fec) : <= 13.0
DEVICE
DESCRIPTION OF COXPON!NT FURCTIOR P18 & MODEL #
Pressure Transamitter Senses Low Steamline Pressure. E51-NO58A
Rosenount 1151
Master Tr x‘.;; Unit Trips at preset Flow setpoint to E5.-N6SBA
de-energize the output Relay. 2ssemount 510DV
NTU Ouv~put Relay Closes when Steam Pressure is below ES1-K204A
set point for vaccuum breaker, steam Agastat GP

Interracing Rel '

line Outboard isclation valve.

Steamline Outboard Isclation valve
Logic.

ES1A-K58 GE HMA

Interfacing Relay

‘teanline Outboard Isclatiom valve
Logice.

ES1A-K59 CR120A

Tiitiation Relay

Opens vzive E51-FOO0B

E51A-K15 GE HFA

Tnitiation Relay

Opens valve E51-F062

E51A-K63 GE HFA

Reference Drawing Nos:-

61721-2235-11 Rev. J 61721-2235-01 Rev. O
61721-2235-10 Rev. B 61721-2235-3 Rev. R
61721-2235-2 Rev. O
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NEDO-32291

DRAFT

RTT TRIP FUNCTION TABLE NO: _3.3.2-3 Fermi-2 (1 of 1)

RTT TRIP FUNCTION ITEM NO: _ 4.8

SYSTEM DESCRIPTION : Bigh pressure Coolant Injection System Isolation.
TRIP FUNCTION DESCRIPTION : HPCI Steam Flow - High

T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL
Differential Pressure Senses Hi differential press on Hi E41-NO57A

Transmitter. Stm flow & provides analog signal. Rosemount 1153

E41-ClA CDE
WBR 2000-50 MFD

Circuit Noise suppression filter
rared at 2000 Micro-Farads.

External Input Capacitor

Master Trip Unit Trips at preset High Steam Flow E41-N657A
value. Rosemount 510DU
Slave }rzy Unit Trips at preset High steam Flow E41-N660A
value. Rosemount 510DU
Interf=_ing Relay Closes on High Steam Flow. E41-K202A
Agastat GP
Interfacing Relay fluses on High Negative differential E41-KR203A
Pressure. Agastat GP
Time Delay Relay Opens after a specified time delay E41A-K43
Agastat TR

Close Stm supply line Inbd lso .a.ve E41A-K44 GE HFA
E41-F002, Supp Pool Inbd valve E41-F042.

Initiation Relay

Initiating Relay Inhibits opening of Steam supply line E41A-K36 GE HMA
Inbd Iso valve, Suppression Pool

Inboard Isolation valves E41-FO02 & FO42.

Reference Drawing Nos: -

6€1721-2225-09 Rev. B
61721-2221-08 Rev. R
61721-2225-12 Rev. K

61721-2221-04 Rev. U
61721-2225-04 Rev. N
€1721-2221-09 Rev. M
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NEDO-32291

RTT TRI¥ FURCTION T.. E
RTT TRIF¥ FUNCTION ITEM NO:

3.3.2-3

4.b

Fermi-2

DRAFT

(1 of 1)

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : HPCI Steam Supply Pressure - low

: High pressure Coolant Injection System Isolatiom.

T/8 RTT REQUIREMENT (Sec) : _ <= 13.0
DEVICE

RESCRIPTION OF COMPONENT FUNCTION PIS & MODEL ¢
Pressure Transmitter Sensey Low Pressure in the steam E41-NOSBA

Line. Rosemount 1153
Master Trip Unit Trips at preset Low Steam Pressure E4]1-N65BA

value. Rosemount 510DU
MTU Output Relay Closes on low Steam Line pressure. E41-K201A

Agastat GP

Interfacing Relay Energizes for HPCI Auto Isolation
vaccuum Breaker Isolation valve and

Annunciator.

E41A-K4B GE HFA

Initiation Relay Inhibits opening of the valves

E21-F002 and E21-FO4Z.

E4lA-K36 GE HMA

Interfacing Relay Permissive to energize E41A-K79

E11A-K10A GE HFA

Initiation Relay Energizes to actuate valves

E41-FO02 and E41-F042.

E41A-K&4 GE HFA

Initiation Relay Energizes to activate valve

E41-7075.

E4LA-K79 GE HMA

Reference Drawing Nos:-

61721-2221-04 Rev.
61721-2221-09
61721-2225-12

61721-2225-09 Rev. B U
61721-2221-08 Rev. R Rev. M
61721-2225-04 Rev. N Rev. K
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NEDO-32291 DR AF"‘

RTT TRIP FUNCTION TABLE NO: 3,3.2-3 __Fermi-2 (1 of 1)
ETT TRIP FUNCTION ITEM NO: 6.8
SYSTEM DESCRIPTION : Secondary Containment Isolation
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low water Level- Level-2
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION RIS & MODEL
Level-2 Transmitter Senses level and provides analog B21-NOB1lA
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level to de-eneregize B21-N6BlA
output Relay. Rosemount 510DU
MTU Output Relay Opens on Reactor Water Level below C71A-K208A
level-2. Agastat GP
Interfacing Relay De-energizes upon receiving signal A71B-KIA GE HFA
from the Master Trip Unit.
Interfacing Relay De-energizes on Hi Drywell Pressure A71B-K37 CR120A
and Reactor water Level-2.
Interfacing Relay Reactor Building Secondary T41-M085 CR120A
containment isolation.
Initiation Relay Actuates Secondary containment T41-M11A CR120A
inboard isclation valve T41-F009
Initiation Relay Actuates Secondary containment T41-M11B CR120A

inboard isolation valve T41-F011

Reference Drawing Mumbers:-

61721-2155-22 Rev.
61721-2155-15 Rev.
67721-2095-14 Rev.
61721-2611-10 Rev.

61721-2095-33 Rev. N
61721-2611-08 Rev. N
61721-2611-04 Rev. O

o Bl o

c-19



RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNC..ON ITEX NO: 6.b
SYSTEM DESCRIPTION : Secondary Containment Isolatiom
TRIP FUNCTION DESCRIPTION : Drywell Pressure - High
T/8 RTT REQUIRNMERT {sec) : <= 13.0
DEVICE
DESCRIFTION OF COMPONENT FUNCTION BIS & MODEL #

Pressure Transmitter

Senses Pressure and provides analog
signal to the Master Trip Unmit.

C71-N050a
Rosemount 1153

Master Trip Unit

Trips at preset Pressure to
de-energize the MTU cutput Relay.

B21-N65CA
Rosemount 510DU

MTU Output Relay

De-eneregizes when the Drywell
Pressure is above setpoint.

C71-K216A
Agastat GP

Interfacing Relay

De-energizes upon receiving signal
from Relay C71A-K216A.

C71A-K4A GE HFA

Interfacing Relay

De-energizes upon receiving signal
from Relay C71A-K4A. ;

A71B-K5A GE HFA

Interfacing Relay

De-energizes upon receiving signal
from Relay A71B-K5A.

A71B-K37 GE HFA

Initiation Relay

1. Trips Reactor Building Main
Exhaust Fan System Division-I1.

T41MO85 CR120A

2. Trips Reactor Building Main
Supply Fan System Division-I1.

Initiation Relay

Actuates Secondary containment
isolation valves T41-F009.

T4l-M11A CR120A

Initiation Relay

Actuates Secondary containment
isolation valves T4l-FOll.

T41-M11B CR120A

Reference Drawing Nos:-

61721-2155-22 Rev.
61721-2155-15 Rev.
61721-2095-14 Rev.
61721-2095-33 Rev.
61721-2105-14 Rev.

LZrxE-

61721-2611-10 Rev.
61721-2671-15 Rev,
61721-2451-04 Rev.
61721-2658-07 Rev.

c-20

61721-2155-06 Rev.
61721-2155-04 Rev.
61721-2451-04 Rev.
61721-2105-13 Rev.
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NEDO-32291 DR AFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-? ______(1 of 1)
RTT TRIP FUNCTION ITEM NO: 6.c
SYSTEM DESCRIPTION : Secondary Containment Isolation
TRIP FUNCTION DESCRIPTION : Fuel Pool Ventilation Exhaust Radiation High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONENT IS & MODEL o
Sensor / Converter Senses change in Radiation lLevel. D11-NO10A
(194X927611)
Indicator & Trip Unit Activates trip circuits upon signal D11-K609A
from Sensor & Converter. (129B2802G11)
Trip Auxiliary Unit Contains output Relays and Contacts C51A-Z2A
for initiation Loop. (238X697G9)

Interfacing Relay De-energizes to actuate radiation T41-MOB6 CR120A
trip relay.
Interfacing Relay Permissive for T41-M10A,B and T41-M084 CR120A

A71B-K103A,B,C

Initiation Relay Actuates secondary containment valve
T41-FOO09 and T41-FOL1l.

T41-M10A,B
CR120A

Reference Drawing Numbers:-

61721-2185-07 Rev.
61721-2185-08 Rev.
61721-2185-01 Rev.
61721-2611-08 Rev.

61721-2658-07 Rev. F
61721-2611-10 Rev. P
61721-2611-04 Rev. O

ZXEXO™

Remarks: -

The radiation detector (sensor/converter) is exempt from RTT.
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RTT TRIP FUNCTION TABLE NO: 3.3.3-3

NEDO-32291

RTT TRIP FUNCTION ITEM NO: l.a

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIFTION : Reactor Vessel Low Water level - level-l

DRAFT

Fermi-2 (1 of 1)

: Core Spray System Isclation

T/8 RTT REQUIREMENT (Sec) : <= 30.0
Dr.VICE
DESCRIPTION OF COMPONENT EURCTION RIS .« MODEL »
Level Transmitter Senses Level-1l Water level & provides B21-N09la, C
analog signal to the MTU. Rosemount 1133
Master Trip Unmit Trips at preset value to B21-N691A, C
energize the MITU output Relay. Rosemount 510DU
MTU Output Relay Receives signal from MTU. B21-K201A, C
Agastat GP

Interfacing Relay

Closes on Level-1 signal.

E21A-K7A GE HFA

Interfacing Relay

Energizes on Drywell High Pressure &
Rx Low Level Logic. Activates Ceore
Spray valves E21-FO15A & E21-FO15B.

E21A-K10A GE HFA

Interfacing Relay

Permissive for E21A-K13A, Reactor Low
Pressure.

E21A-K9A, K192, KI0A
GE HGA

Incerfacing Relay

Core Spray isclation valves
E21-FO05A, B and E21-FOO4A, B.

E21A-K13A
GE HFA

Time Delay Relay

Time Delay to start the Pump.

E21A-K16A CR2820TD

Initiation Relay

Starts Core Spray Pump E21-CO0lA

E21-K12A GE HFA

Initziation Relay

Starts Diesel Generator.

E21-K4A, B GE HMA

Initiation Relay

Starts Diesel Generator and trips
Drywell Cocling equipment.

E21-K11lA, B GE HFA

Reference Drawing Nos: -

61721N-2572-18 Rev. R

61721-2095-30 Rev. K
61721-2215-02 Rev. U
61721-2095-29 Rev. M

61721-2651-16 Rev. G
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RTT TRIP FUNCTION TABLE NO:

NEDO~32291

3.3.3-3

RTT TRIP FUNCTION ITEM NO: 1.b

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION :

DRAFT

Fermi-2

(1 of 1)

: Core Spray System Isolation

Yrywell Pressure - High

T/8§ RTT REQUIREMENT (Sec) : <= 30.0
DEVICE
DESCRIPTION OF COMPONENT EIS & MODEL #
Pressure Transmitter Senses High Differential pressure & B21-NO9%E, G
provides analog signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset value to B21-N694E, G
energize the MTU output Relay. Rosemount 510DU
MTU Output Relay Closes on High Drywell Pressure. B21-K209E, G
Agastat GP

Interfacing Relay

Energizes EECW Stop Valve, HPCI &
Core Spray Logic.

E21A-K5A GE HFA

Interfacing Relay

Energizes on Drywell High Pressure &
Rx Low Level Logic. Activates Core
Spray valves E21-F0154 & E21-FO15B.

E21A-K10A GE HFA

Interfacing Relay

Permissive for E21-K13A Reactor
Low Pressure.

E21-K9A, K19A, K20A
GE HGA

Interfacing Relay

Actuates Core Spray isolation Inbd &
Qutbd valves E21-FO05A, B and
E21-FO04A, B.

E21Aa-K13A, B
GE HFA

Time Delay Relay

Time Delay to start the Pump.

E21A-K16A CR2820TD

Initiation Relay

Starts Core Spray Pump E21-COOlA.

E21-K12A GE HFA

Initiation Relay

Starts Diesel Generator.

E21A-K4A, B GE HMA

Initiation Relay

Starts Diesel Generator and trips
Drywell Cooling equipment.

E21A-K11A, B GE HFA

Reference Drawing Nos:-

61721-2095-30 Rev. X
61721-2095-29 Rev. N

61721-2211-06 Rev. K
61721-2211-07 Rev. K

61721-2211-08 Rev. 1
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NEDO-32291 DR AFT

RTT TRIP FUNCTION TABLE NO: 3.3.3-3 Fermi-2 (1 of 2)
RTT TRIP FUNCTION ITEX NO: 2.8
SYSTEM DESCRIPTION : Low Pressure Coolant Injection mode of RHR
TRIP FUNCTION DESCRIPTION : Resctor Vessel Low Water lLevel - Level-l
T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
DESCRIPTION OF COMPONENT PIS_& MODEL #
level Transmitter Senses Level-1 Water Level & provides B21-NOSlA, B
analog signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset value to B21-N691A, B
energize the MTU output Relay. Rosemount 510DU
MTU Output Relay Receives signal from MTU and closes B21-K201A, B
on Level-1 signal. Agastat GP
Interfacing Relay Energizes on Reactor Low Level logic. E21A-K7A, B GE HFA
Interfacing Relay Closes on Low Level-1. E11A-K7A, B GE HFA
Interfacing Relay Actuates RHR pumps. E11A-K9A, B GE HFA
Interfocing Relay Initiates RHR Pumps. E11A-K78A, B, C, D.
GE HFAs
Initiation Relay Actuates pumps E11-C002C, D. EL11A-K21A, B GE HFA
Initiation Relay Actuates pumps E11-C002A, B. E11A-K18A, B GE HFA
f;ZorfacIBg Relay Energizes on Hi Drywell Pressure or E11A-K774 GE HFA
Level-2.
Interfacing Relay Energizes on pumps differentcial E11A-K23A GE HGA
Pressure above setpoint, E11A-K25A GE HGA
Interfacing Relay Energizes when pump running delta-P EL1LA-K26A GE HGA
is greater than setpoint,
Interfacing Relay Energizes on pump delta-P above set E11A-K27A, B GE HFA
setpoint & Low Level or Hi Drywell Pressure.
Time delay Relay Time delay on LPCI pipe break E11A-K34A, B
detection. CR2820

Beference Drawing Nos:-
61721-2095-29 Rev.
61721-2095-30 Nev.
61721-2215-02 Rav.
61721-2205-0C Rev.

61721-2205-03 Rev. O
61721-2205-05 Rev. P
61721-2205-02 Rev. R

cam=
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO:

NEDO-32291

3.3.3.3

2.2

DRAFT

Fermi-2 (2 of 2)

SYSTEM DESCRIPTION

: Low Pressure Coolant Injection mode of RHR

TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Water level - Level-1

T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
interfacing Relay Energizes when Riser A delta-P is E11A-K35A, B GE HGA
greater than Riser B delta-P. E11A-K36A, B GE HGA
Interfacing Relay Closes lLoop B LPCI valve E11A-K37A, B GE HFA
Interfacing Relay Actuates Recirculation valve E11A-K38A, B GE HFA
B31-F031a.
Interfacing Pelay Actuates LPCI valves. E11A-K39A, B GE HFA
Interfacing Relay Actuates E11-FO15A, B. EL1A-K66A, B GE HFA

Reference Drawing Nos:-

61721-2095-29 Rev.
61721-2095-30 Rev.
61721-2215-02 Rev.
61721-2205-06 Rev.

wax=

61721-2205-03 Rev. O
61721-2205-05 Rev. P
61721-2205-02 Rev. R
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NEDO-32291

RTT TRIF FUFCTION TABLE NO: 3.3.3-3

RTT TRIP FUNCTION ITEM RO: 2.

DRAFT

Fermi-2

(1 of 2)

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : Drywell pressure - Bigh

: Low Pressure Coolant Injection mode of REHR

T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
DESCRIFTION OF COMPOMENT FUNCTION IS & MOREL #
Pressure Transmitter Senses Pressure and provi.ies B21-NO94E, F

analog signal *¢ *he MIU.

Rosemount 1153

Trirs at preset value to
De-energize the MTU output Relay.

Master Trip Unit

B21-NE94E, F
Rosemount 510DU

MTU Output Relay Receives signal from MTU and actuates

on Hi Drywell Pressure.

B21-K209E, F
Agastat GP

Interfacing Relay Energizes on Hi Drywell Pressure.

E11A-KSA, B GE HFA

Actuates on High Drywell Pressure
and Low Water Level Logic.

Interfacing Relay

E11A-K10A, B GE HFA

Interfacing Relay Actuates RHR Pumps.

E11A-K9A, B GE HFA

Interfacing Relay Actuates RHR Pump start Logic.

E11A-K78A, B, C, D.
GE HFAs

Initiation Relay
Initiation Relay

Actuates pumps E11-C002C, D.
Actuates pumps E11-CO02A, B.

E11A-K21A, B GE HFA
E11A-K18A, B GE HFA

Energizes on Hi Drywell Pressure or
Level-2.

Interfacing Relay

E11A-K77A GE HFA

Energizes on pt-pi differential
Pressure azbove setpoint.

Interfacing Relay

E11A-K23A GE HGA
E11A-K25A GE HGA

Energizes when pump running delta-P
is greater than setpoint.

Interfacing Relay

E11A-K26A GE HGA

Interfacing Relay Energizes on pump delta-P above set

E11A-K27A, B CE HFA

setpoint & Low Level or Hi Drywell Pressure.

Time delay Relay Time delay on LPCI pipe break

detection.

E11A-K34A, B
CR2820

Reference Drawing Nos:-
61721-2095-29 Rev.
61721-2095-30 Rev.
61721-2215-02 Rev,
61721-2205-06 Rev.

61721-2205-03 Rev. O
61721-2205-05 Rev. P
61721-2205-02 Rev. R

Laoxm=x
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NEDO-32291 DR AFT

RTT TRIP FUNCTION TABLE NO: 3.3.3-3 Fermi-2 7 et 2)
RTT TRIP FUNCTION ITEM NO: 2.b -
SYSTEM DESCRIPTION : Low Pressure Coolant Injection mode of RHR by
TRIP FUNCTION DESCRIPTION : Drywell Pressure - high
T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
RESCRIFPTION OF COMPONENT FUNCTION EIS & MODEL ¢
Interfacing Relay Ehnr;iz.s wvhen Riser A delta-P is E11A-K35A, B GE HGA
greater than Riser B delta-P. E11A-K36A, B GE HGA
Interfacing Relay Closes Loop B LPCI valve. E11A-K37A, B GE HFA
Interfacing Relay Actuates Recirculation valve E11A-K38A, B GE HFA
B31-FO31A.
Interfacing Relay Actuates LPCI valves. E11A-K39A, B GE KFA
Interfacing Relay Actuates E11-FOl15A, B. E11A-K66A, B GE HFA

Reference Drawing Nos: -

61721-2095-29 Rev.
61721-2095-30 Rev.
61721-2215-02 Rev.
61721-2205-06 Rev.

61721-2205-03 Rev. O
61721-2205-05 Rev. P
61721-2205-02 Rev. R

Lax=
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DRAFT

Fermi-2 (1 of 2)

NEDO-32291

RTT TRIP FUNCTION TABLE NO: _
RTT TRIP FUNCTION ITEM NO:

SYSTEM DESCRIPTION :
TRIP FUNCTION DESCRIPTION

3.3.3-3

3.2
: High Pressure Coolant injection System
. Reactor Vessel Low Water Level - Level-2

T/S RTT REQUIREMENT (Sec) : _ <= 30.0
DEVICE
DESCRIPTION OF COMPONENT FURCTION P1S & MODEL @
Level Transmitter Senses Water Level-2. B21-NO91A

Rosemount 1153

Slave Trip Unit Trips at preset value for Level-2 B21-N692A

setpoint. Rosemount 510DU
MTU Output Relay Receive signal from the STU and trips  B21-K202A
at preset value, Agastat GP

Interfacing Relay Energizes upon signal from the Output E11A-K79A GE HFA

Relay.

Initiating Relay Actuates Reactor low Water Level

Logic for the following valves. -

EL1A-K2 GE HFA

Steam Supply to Turbine Valve
E41-F001.

Steam Supply line Outbd Valve
E41-F003.

Pump suction from CST
E41-FOO4.

Pump Discharge
E41-F006.

Test Bypass to CST
E41-FOOB.

Redundant shut Off to CST
E41-FO11.

Initiation Relay Lube 0il Cooling water

E41-F059.

E41A-K3 GE HFA

Reference Drawing Bumbers:

61721-2095-29 Rev.
61721-2095-30 Rev.
61721-2221-05 Rev.
61721-2225-03 Rev,

R =

61721-2221-07 Rev.
61721-2221-04 Rev.
61721-2221-06 Rev.
61721-2205-02 Rev.

Cc-28
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NEDO-32291 |:,|F“n\‘=r|'

RTT TRIP FUNCTION TABLE NO: _.3.3.3-3 Fermi-2 (2 of 2)
RTT TRIP FUNCTION ITEM NO: 3.a
SYSTEM DESCRIPTION : High Pressure Coolant injection System
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Water Level - Level-2
T/8 RTT REQUIREMENT (Sec) : <= 30.0
DEVICE
RESCRIPTION OF COMPONENT PIS & MODEL »
Pump Discharge
E41-F007.
Initiation Relay Starts vacuum Pump. E4A1A-K7 GE HFA

Starts Auxiliary O0il Pump
at preset value.

Reference Drawing Numbers:-

61721-2095-29 Rev.
61721-2095-30 Rev.
61721-2221-05 Rev.
61721-2225-03 Rev.

61721-2221-07 Rev. T
61721-2221-04 Rev. U
61721-2221-06 Rev. Q
61721-2205-02 Rev. R

61721-2205-01 Rev. G

- B
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RIVER BEND LEAD PLANT RTT INSTRUMENTATION LOOP COMPONENTS

This Appendix details the River Bend Lead Plant response time sensitive
components, their corresponding functions in the respective loops, and thelr
model and MPL (Master Parts List) mmbers. The top heading of each
instrumentation loop identifies the trip function, systes descriptiom, table
and item number and the response time requirement. The dravings used in the
snalyses, including their revision and sheet mmbers and referenced plant
procedures, are either listed at the bottom of each loop description er
summarized in the tables at the front end of this appendix. The bases and
sssumptions for the River Bend RIT instrumentation loop component
{dentification is listed in Section C.1.1, page C-1, of this appendix.
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NEDO-132291 FT
DRAWING REVISIONS USED IN REPORT
DRAWING SHEET REV

B28E243AA 05 i3
16 14
17 08
B2BEAASAA 02 28
03 27
vé — 24
08 27
10 27
11 27
12 27
i3 27
14 27
15 29
o 27
B2BESILAA 02 25
0ZA 21
~ 03 26
[ 22
09 26
10 24
16 22
B2BES34AA 03 18
08 24
09 25
10 23
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NEDO-322891

0“'*‘“

DRAWING REVISIONS USED IN REPORT
DRAWING SHEET REV

B2BESI4AA 13 27
14 24
15 27
16 24
17 24
B28E5I5AA 02 12
06 —20
07 19
10 19
G2BESIGAA 03 ~20
04 15
08 15
06 16
07 ~20
82BE539AA 02 27
04 27
08 28
13 27
B51E602AA  O1A 13
04 24
05 19
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NEDO-32291

DRAFT

RIVER BEND RTT PROCEDURE NUMBERS

STP-051-4801
STP-051-4802
STP-051-4803
STP-051-4804
STP-051-4805
ITP-051-4806
STP-051-4897
STP 051-4F08
STP-05) -4809
STP-051-4810
STP-051-4811
STP-051-4812
STP-051-4813
STP-051-4814
STP-051-4815
STP-051-4816
STP-051-4851
STP-051-4852
STP-051-4853
STP-051-4854
STP-051-4855
STP-051-4856
STP-051-4857
STP-051-4858
STP-509-4801
STP-511-4801
STP-511-4802
STF-601-4801
STP-058-4802
STP-204-4802

c-33

STP-207-4801
STP-207-4802
STP-207-4803
STP-207-4804
STP-207-4805
STP-207-4806
STP-207-4807
STP-207-4808
STP-207-4809
STP-207-4810
STP-207-4811
STP-207-4812
STP-207-4813
STP-207-4L814
STP-505-4801
STP-505-4802
STP-505-4803
STP-505-4804
STP-505-4805
STP-508-4801
STP-508-4802
STP-508-4803
STP-508-4804
STP-508-4805
STP-508-4806
STP-508-4807
STP-508-4808
STP-508-4809
STF-508-4810
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RIVER BEND RTT LOOP CALIBRATION REPORT NUMBERS

.ILRPS.013
JILRPS.014
JILRPS . 015
.ILRPS.016
.ILRPS . 009
. ILRPS .010
.ILRPS.011
.ILRPS . 012
.ILISM. 009
LILISK. 012
LILISK.010
.ILISH.011
.ILCSL.025
. ILRHS . 089
.ILCSL.026
. ILRHS . 090
.ILCSL.027
.JLRHS . 091
.ILCSL.028
. TLRHS .092
. TLCSH . 036
.ILCSH .03
.ILCSH. 032
.JLCSH. 033
.ILCSH.038
.ILCSH. 037
.ILCSH.039
. JLCSH. 040

NEDO-32291

1.11M85.012
1.11M8S8.015
1.71M85.013
1.11MSS.050
1.11M85.016
1.71M85.019
1.71MS8.017
1.11M85.018
1.11M488.020
1.11M85.023
1.11M85.021
1.T1MSS.022
1.TLNSS.026
1.11MSS.027
1.11KS5.025
1.I1MS85.026
1.11485.028
1.71M85.031
1.71MSS.029
1.11M88.030
1.TLLMS . 061
1.IL1MS . 057
1.111M5.059
1.111MS . 062
1.1L1MS . 058
1.IL1MS . 060
1.ILICF.020
1.1L1Cs5.021

C-34

1.ILICS.038
1.IL1CS.03¢%
1.I1RPS.017
1.ILRPE .020
1.JLRP5.018
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NEDO-32291

DRAFT

RTT TRIP FURCTION TABLE NO: 3.3.1-2 River Bend (1 of 1)__
RTT TRIP FUNCTION ITEM NO: 3.0

SYSTEM DESCRIPTION

: Reactor Protection Syszem Response Times
TRIP FUNCTION DESCRIPTION : Rx Vessel Steam Dome Pressure High

1/8 RTT REQUIREMENT (Sec) : <= 0.35
DEVICE

RESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Sends RPV Pressure signal to the B21-NO78A

master trip unit, Rosemount 1152
Master Trip Unit De-energizes Relay C71A-KS5A on B21-N678A

high RPV Pressure. Rosemount 510DU/710DU
MTU Output Relay De-erergizes on High Pressure signal C71A-K5A

from the MIU. Agastat GP

Initiation Contactor

De-energizes Group 1 Pilot Scram
valve Solenoid "A".

C71A-K14A GE CR205

Interfacing Relay

De-energizes on High Pressure.

C71A-K69
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group 3 Pilot Scram
valve Solenoid "A".

C71A-K14C GE CR105

Interfacing Relay

De-energizes on High Pressure.

C71A-K70
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group 2 Pilot Scram
valve Solenoid "A*.

C71A-K14K GE CR205

Interfacing Relay

De-energizes on High Pressure.

C71A-K71
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group 4 Pilot Scram
valve Solenoid "A".

C71A-K14S GE CR105

Reference Drawing Numbers:-

828ES531AA, Sheets 2, 9,

10, 18.
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RTT TRIP FUNCTION TABLE NO: 3.3.1-2

NEDO-32291

RTT TRIP FUNCTION ITEM RO: 4.0

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

DRAFT

River Bend (1 of 1)

: Reactor Protectiom System Response Times
Reactor 7essel Water Level - low, Level-3

T/8 BTIT REQUIREMENT (Sec) : <= 1.05
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL @
Transmitter Sends RPV Low vater Level, level-3 B21-N080A

signal to the master trip unit.

Rosemount 1152

Master Trip Unic

De-energizes Relay C71A-K6A on low
wvater level-3 signal.

B21-N6BOA
Rosemount 510DU/710DU

MTU Output Relay

De-energizes on Low Water level-3
signal from the MTU.

C71A-K6A
Agastat GP

Initiation Contactor

De-energizes GCroup-1 Pilot Scram
valve Solenoid "A".

C71A-K14A GE CR205

Interfacing Relay

De-energizes on Low Level Water.

C71A-K69
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group-3 Pilot Scram
valve Solenoid “A".

C71A-K14G GE CR105

Interfacing Relay

De-energizes on Low Level Water.

C71A-K70
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group-2 Pilot Scram
valve Solenoid "A".

C71A-K14K GE CR205

Interfacing Relay

De-enargizes on Lov lLevel Water.

C71A-K71
Potter & Brumfield MDR

Initiation Contactor

De-energizes Group-4 Pilot Scram
valve Solenoid "A™.

C71A-K148 GE CR105

Reference Drawing Mumbers: -

828E531AA, Sheets 2, 9,

10, 18.
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RTT TRIP FUNCTION TABLE NO:

NEDO-32291

3.3.1-2

RTT TRIP FUNCTION ITEM NO: 5.0

SYSTEM DESCRIPTION

DRAFT

River Bend (1 of 1)

: Reactor Protection System Response Times
TRIP FUNCTION DESCRIPTION : Reactor Vessel Water Level - High, Level-8

T/S RTT REQUIREMENT (Sec) : <= 1.05
DEVICE
DESCRIPTION OF COMPONENT FURCTION MPL & MODEL #
Transmitter Sends RPV high water level, level-8 B21-NOBOA
signal to the master trip unit. Rosemount 1152
Master Trip Unit Sends Water Level signal t- the STU B21-N680A
B21-N6B3A. Rosemount 510DU/710DU
Slave Trip Unit De-energizes Relay C71A-K44A on aigh B21-N683A
vater level-8 signal. Rosemount 510DU/710DU
STU Output Relay De-energizes on high water level-8 C71A-Kaba
signal from the MTU. Agastat GP
Initiation Contactor De-energizes Group-l Pilot Scram C71A-K1l4A
valve Solenoid “A". GE CR205
Interfacing Relay De-energizes on High Water Level. C71A-K69
Potter & Brumfield MDR
Initiation Contactor De-energizes Group-3 Pilot Scram C71A-K146
valve Solenocid "A". GE CR105
Interfacing Relay De-energizes on High Water Level. C71A-K70
Potter & Brumfield MDR
Initiation Contactor De-energizes Group-2 Pilot Scram C71A-K14K
valve Solenoid "A". GE CR205
Interfacing Relay De-energizes on High Vater Level. C71A-K71
Potter & Brumfield MDR
Initiation Contactor De-energizes Group-4 Pilot Scram C71A-K148
valve Solenoid "A". GE CR105

Reference Drawing Numbers:-

828E531AA, Sheets 2, 3, 9, 10, 18.

c-37




NEDO-32281 DR AFT

RTT TRIP FUNCTION TABLE BO: _ 3.3.2-3 River Bend (1 of 1)__
RTT TRIP FUNCTION ITEM RNO: l.e
SYSTEM DESCRIFTION : Primary Containment Isolation
TRIP FUNCTION DESCRIPTION : Rx Vessel lLow Low Water Level - Level-2
T/8 BTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIFTION OF COMPONENT EUSCTION MPL & MODEL #
Transmitter Sends RPV level signal to MTU B21-NO8lA
B21-N681A. Rosemount 1152
Master Trip Umit Transmits RFV level signal to STU B21-N681A
B21-N682A. Rosemount 510DU/710DU
Slave Trip Unit Deenergizes relay B21H-K148A on L-2 B21-N682A
to initiate isolation. Rosemount 510DU/710DU
STU Output Relay Deenergizes relays B21H-K27 *, Ké6a¥x, 6 B21H-K148A
& K72A to actuate isolation, i Agastat GP
Initiation Relay Closes reactor water sample valve B21H-K72A
B33-F020. Agastat GP

Reference Draving Bumbers:-

82BE4LSAA, Sheets 2, 3, 12, 15, 17.

* Contact goes to RWCU level-2 Isolation Logic, Table 3.2.2-3/4a.

**  Contact goes to Secondary Containment Isclation Logic, Table 3.3.2-3/3a.
**+ The signal from relay B21H-K14BA goes through isolator B21H-AT38 before

it reaches relays B21H-K27, K66A & K72A.
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SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Drywell Pressure - High

NEDO-32291 DRAFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 River Bend (1 of 1)__
RTT TRIP FUNCTICR ITEM NO: 1.b

. Primary Containment Isolatiom

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION \F COMPONENT FONCTION MPL & MODEL #
Transmitter Sends drywell pressure signal to MTU C71-N0O504A

C71-N650A.

Rosemount 1154

Master Trip Unit

Deenergizes relays C71A-K45A & Ké4A *
to initiate isolation.

C71-N650A
Rosemount 510DU/710DU

MTU Output Relay Deenergizes relay B21H-K23A to C71A-K&5A
initiate RHR isolation. *¥* Agastat GP

Initiation Relay and Closes RHR sample line valves B21H-K23A

Interfacing Relay E12-FO75A & B **; energizes relay Agastat GP
B21H-K39A.

Initiation Relay and Closes RHR discharge valve to B21H-K59A

Interfacing Relay radwaste, E12-FO40 #+; deenergizes Agastat GP
relay E12A-K135A.

Initiation Relay Closes shutdown cooling upper pool E12A-K135A
valve, E12-FO37A Agastat GP

Beference Drawing FNumbers:-

828BES31AA, Sheets 2, 18
B28ES34AA, Sheets 3, 8,

13

828E44L5AA, Sheets 2, 11, 12, 15

$3°

it reaches relay B21H-K23A.
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Contact goes to Secondary Containment Isolation Logic, Table 3.3.2-3/3b.
Valves E12-FO7SA & B and E12-F040 are Secondary Centaiiment Isolation valves.
The signal from relay C71A-K45A goes through isolator 321H-AT38 before



RTT TRIP FUNCTIOR TABLE NO: 3.3.2-3

NEDO-32281

RTT TRIP FUNCTION ITEM NO: 2.2

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : Rx Vessel Low VWater Level - Level-1

DRAFT

River Bend (1 of 1)__

: Main Steam Line Isolation

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE

DESCRIPTION OF COMPORENT FUNCTION MEL & MODEL ¢
Transmitter Senses RPV level & sends signal to B21-NO8lA

the MTU B21-N68lA. Rosemount 1152
Master Trip Unit Deenergizes relay B21H-KIA on L-1 B21-N681A

to initiate isclation. Rosemount 510DU/710DU
Output Relay Deenergizes relays B21H-K7A & K7K B21H-K1A

to actuate isclation logic. Agastat CP
Interfacing Relay Deenergizes relays B21H-Kl4A & B21H-K7A

K56A%* to close valves. Agastat GP
Initiation Relay Closes outboard MSIVs B21-FO2BA-D.* B21H-K14A

Agastat GP

Initiation Relay and Closes Drain valve B21-F019 and B21H-K56A
Interfacing Relay deenergizes relays B21H-K8 & K9. Agastat GP
Initiation Relay Closes outboard MSL drain valves B21H-K8

B21-FO67A & B. Agastat GP
Iinitiation Relay Closes outboard MSL drain valves B21H-K9

B21-FO67C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-K51B B21H-K7K

to close valves. Potter & Brumfield MDR
Initiation Relay Closes inboard MSIVs B21-FO22A-D.* B21H-K51B

Agastat GP

Reference Drawing Numbers:-

828ELLSAA, Sheets 2, 3, 8, 10, 11, 13, 14, 17

* MSIVs close on one-out-of-two-twice Logic.
** The signal from relay B21H-K7A goes through isolator B21H-AT38 before
it reaches relay B21H-K56A.
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RTT TRIP FUNCTION TABLE RO:

NEDO-32291

3.3.2-3

RTT TRIP FUNCTION ITEM NO: 2.b

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Main Steam Line Radiacion - High

DRAFT

River Bend (1 of 1)

: Main Steam Line "A" Isolatiom

T/8 BTT REQUIREMENT (Sec) : <= 10.0
DEVICE

DESCRIPTION OF COMPONENT FURCTION MFL & MODEL #
lon Chamber * Sends MSL radiation signal to log D17-N003A

radiation monitor D17-K610A. GE, 237X73161
Log Rad/ation Monitor Deenergizes relay D17-K40 on High D17-K610A

MSL rad to initiate isolation. GE, 238X660G10
Output Relay Deenergizes relay C71A-K7A to D17A-K40

actuate isolation logic. GE Z2 Aux Trip Umict.
Interfacing Relay Deenergizes relay B21H-K84A C71A-K7A

to close valves. Potter & Brumfield MDR
Initiation Relay Deenergizes relays B21H-K72A%w*, B21H-KB4A

K7A & K7K to close valves. Agastat GP
Initiation Relay Closes reactor water sample valve B21H-K72A

B33-F020. Agastat GP
Interfacing Relay Deenergizes relays B21H-K14A & KS56A B21H-K7A

to close valves. Agastat GP
Initiation Relay Closes outboard MSIVs B21-FO28A-D.¥* B21H-K14A

Agastat GP

Initiation Relay and Closes Drain valve B21-FOl9 and B21H-KS64A
Interfacing Relay deenergizes relays B21H-KB & K9. Agastat GP
Initiation Relay Closes outboard MSL drain valves B21H-K8

B21-F067A & B. Agastat GP
Initiation Relay Closes outboard MSL drain valves B21H-K9

B21-F067C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-K51B B21H-K7K

to close valves. Porter & Brumfield MDR
Initiation Relay Closes inboard MSIVs B21-FO22A-D.%* B21H-K51B

Agastat GF

Reference Drawing Numbers:-
82BE44LS5AA, Sheets 2,
828ES31AA, Sheets 2a, 5

>, 8, 10, 11, 12, 13, 14

B2BE243AA, Sheets 5, 16, 17

* Radiation Detectors are exempt from Response Time Testing.

** MSIVs Close on one-out-of-two-twice logic.
*+++ The signal from relay B21H-KB4A goes through isolator B21H-AT38 before
it reaches relay B21H-K72A.
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NEDO-32291 O“hﬂ

RTT TRIP FUNCTION TAPLE NO: 3.3.2-3 River Bend (1 of 1)__
RTYT TRIP FUNCTION ITEn KO: 2.¢
SYSTEM DESCRIPTION : Main Steam Line Isolation
TRIP FUNCTION DESCRIPTION : Main Steam Line Pressure - low
T/8 RTT REQUIREMENT (Sec® : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL_& MODEL #
Transmitter Senses RPV pressure & sends signal to B21-NO76A
the MTU B21-N676A. Rosemount 1152
Master Trip Unit Deenergizes relay B21H-K4A on low B21-Né76A
pressure to initiate isolatiom. Rosemount 510DU
Output Relay Deenergizes relays B21H-KJ7A & KJ7K B21H-Ké4A
to actuate isolation logic. Agastat GP
Interfacing Relay Deenergizes relays B21H-K14A & K56A B21H-K7A
to close valves. Agastat CGP
Initiation Relay Closes outboard MSIVs B21-FO28A-D.* B21H-Kl4A
Agastat GP
Initiation Relay and Closes Drain valve B21-FOl9 and B21H-K56A
Interfacing Relay deencrgizes relays B21H-KB & K9. Agastat GF
Initiation Relay Closes outboard MSL drain valves B21H-K8
B21-FO67A & B. Agastat GP
Initiation Relay Closes outboard MSL drain valves BZ11-K9
B21-F067C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-K51B B21H-K7K
to close valves. Potter & Brumfield MDE
Initiation Relay Closes inboard MSIVs B21-FO22A-D.¥ B21H-K51B
Agastat GP

Reference Drawing Numbers:-
B2BELLSAA, Sheets 2, 3, 8, 10, 11, 13, 14, 17
* MSIVs Close on one-out-of two-twice logic.
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RTT TRIF FUNCTION TABLE NO:
RTT TRIP FOUNCTION ITEM NO:

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION

NEDO-32291

8.5.240

2.4

pDRAFT

Eiver Bend (1 of 1) _

. Main Steam Lin¢ ir=olalion

: Main Steam Liue Flow - High

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT MPL & MODEL #
Transmitters Senses MSL flow & sends signal to the E31-NO86A thru NOS9A

MTUs E31-N686A thru N6BSA.

Rosemount 1152

Master Trip Units

Deenergize relays B21H-K120A thru
K123A to initiate isolatiom.

Trip Unit Output Relays

Deenergize relay B21H-K3A
to actuate isolation logic.

E31-NoB6A thru N6BY9A
Rosesount 510DU/710DU

B214-K120A thru K1234A
Agastat CP

Interfacing Relay Deenergizes relays B21H-K7A & K7K B21H-K3A
to close valves. Agastat GP
Interfacing Relay Deenergizes relays B21H-K14A & KS6A B21H-K7A
to close valves. Agastat GP
Initiation Relay Closes outboard MSIVs B21-FO2BA-D.*  B21H-K14A
Agastat GP
Initiation Relay and Closes Drain valve B21-FU019 and B21H-K56A
Interfacing Relay deenergizes relays B21H-K8 & K9. Agastat GP
Initiation Relay Closes outboard MSL drain valves T B21H-KB
B21-FO67A & B. Agastat GP
Initiation Relay Closes outboard MSL drain valves B21H-K9
B21-FO67C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-K51B B21H-K7K
to close valves. Potter & Brumfield MDR
Initiation Relay Closes inboard MSIVs B21-FO22A-D.* B21H-K51B
Agastat GP

Reference Drawing Mumbers:-

B78E445AA, Sheets 2, 3, 8, 10, 11, 13, 14, 17

* HSTVs Close on one-out-of-two-twice Logic.
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NEDO-32291

DRAFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 River Bend (1 of 1)__
RTT “RIP FUNC "ON ITEM RO: 3.a

SYF .EM DESC .. TION

T LP FUNC" . DUSCRT#TION : Rx Vesse)l low Low Water level - level-2

. Secondary Containment Isolation

T/8 RTT hLQUIREITIT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & 4ODEL #
Transmitter Sends RPV level signal to MTU B21-NOFlA

B21-N681A.

Rosemount 1152

Master Trip Unit

Transmits RPV level signal to STU
B21-N682A.

B21-N6BlA
Rosemount 510DU/710DU

Slave Trip Unit

Deenergizes relay B21H-K148A on L-2
to initiate isolation.

B21-N682A
Rosemount 510DU/710DU

Output Relay Deenergizes relays o»l'H-K27%, B21H-K148A
K66A®** §& K72A** to actuate Agastat GP
isolation.

Initiation Relav o Closes drywell vent and purge valves, B21H-K66A

Interfacing Relay starts SCTS, deenergizes relay Agastat GP
B21H-KB7A. Starts control room
Div. 1 air system.

Initiation Relay T Closes Radwaste isolation valves, B21H-K87A
shuts down & isolates contaimment Agastat GP

vent system.

Reference Drawing Numbers: -

828BE4L5AA, Sheets 2, 3,

33’

10, 17

it reaches relay B21H-K66A.

C-44

Contacts go to the RWCU Level-2 Isolation Logic, Table 3.3.2-3/4a.
Contacts go to the Primary Containment Isolation logic, Table 3.3.2-3/la.
The signal from relay B21H-K14BA goes through isolator B21H-AT38 before



NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3
RTT TRIFP FUNRCYTION ITEM NO: i.b

DRAFT

River Bexd___ (1 of 1)

SYSTEM DESCRIPTION : Secondary Containment Isolation

TRIP FUNCTION DESCRIPTION : Drywell Pressure - High

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Sends drywell pressure signal to MTU C71-NO50A

C71-N650A.

Rosemount 1154

Master Trip Unit Deenergizes relays C71A-K4A & K&45A*

te initiate isolation.

C71-N650A
Rosemount 510DU/710DU

MTU Qutput Relay Deenergizes relay B21H-K66A to C71A-Kba
actuate isolarian logic.w* Agastat GFP

Initiation Relay and Closes DV vent and purge valves, B21H-K66A

Interfacing Relay starts SGTS, deenergize: relay Agastat GP
B21H-KB7A.

Initiation Relay Closes radwaste isolation valves, B21H-K87A
shuts dovw & isclate. containment Agastat GP
ventili.ion system.

MTU Output Relay De-energizes relay B21H-K23A to C71A-K&5A
initiate RHR isolation, W& Agastat GP

Initiation Relay and Closes RHR cample line valves B21H-K23A

Interfacing Relay E12-FO75A & B; de-energizes relay Agastat GF
B21H-K5%9A

Initiation Relay Closes RHR discharge valve to B21H-K5%9A
Radwaste, EL12-F040. Agastat GP

Reference Drawing Numbers:-

82BE531AA, Sheets 2, 18

B28E44L5AA, Sheets 2, 10, 11, 12, 15

* Contacts go to the Primary Containment Isolation Logic, Table 3.3.2-3/1h.
**  The signal from relay B21H-K4A goes through isolator B21H-AT38 before
it reaches relay B21H-K66A.
**% The signal from relay B21H-K45A goes through isolator B21H-AT38 before
it reaches relay B21H-K23A.
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NEDO~-32291

pRAFT

RTT TRIP FUNCTIL  TABLE NO: 3.3.2-3 River Bend (1 of 2)__

RTT TRIP FUNCTION .,%4 NO: b.a
SYSTEM DESCRIPTION : Reactor VWater Cleanup Isolation
TRIP FUNCTION DESCRIPTION : Delta Flow - High

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT MPL & MODEL #
Transmitter Sends signal of RWCU flow from RPV E31-NO76A
to E31-K602A via E31A-SRUL. Rosemount 1152
Square Root Extractor Transmits signal to Summer E31-K604A. E31-Ke02A
Bailey 750
Transmitter Sends signal of RWCU flow from Clean-  E31-NO75A
up F/D to E31-K605A via E31a-SRU1. Rosemount 1152
Square Root Extractor Transmits signal to Summer E31-K605a
E31-K604A. Bailey 750
Transmitter Sends signal of RWCU flow from Regen. E31-NO77A
HX to E31-K603A via E31A-SRUL. Rosemount 1152
Square Root Extractor Transmits signal to Summer E31-K603A
E31-K604A. Bailey 750
Summer Transmits signal to Electronic E31-K604A
Switch E31-K609A. Bailey 752
Electronic Switch Energizes Timer E31-R615A on high E31-N609%A
differential flow. Bailey 745
Time Delay Relay After time delay energizes downstream E31-R615A
Relay. Eagle Signal HP5
Interfacing Relay De-energize Relay in Isolation logic E31A-K7A
B21H-K172. Agastat GP
Interfacing Relay De-energize downstream Relay B21H-K172
B21H-K27 . % Potter & Brumfield MDR
Interfacing Relay De-energizes relays B21H-K145, K154, B21H-K27
K159 and K160, Agastat GP

Reference Drawing Numbers:-

851E602AA, Sheets 1A, 4, 5

82BE445AA, Sheets 2, 3, 11, 12, 15

* The signal from relay B21K-K172 goes through isolator B21H-AT38 before
it reaches relay B21K-K27.

C-46



NEDO-32291 ‘ DRAFT

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 River Bend (2 of 2)__
RTT TRIP FUNCTION ITEM NO: b.a
SYSTEM DESCRIPTION : Reactor Water Cleanup Isolation
TRIP FUNCTION DESCRIPT™ "N : Delta Flow - High
T/8 RTT REQUIREMENT (Jec) : <= 10.0
DEVICE
DESCRIPTION OF COMPOYENT FUNCTION MPL & MODEL #
Initiation Relay Cluses RWCU isolation valve B21H-K145
GI3-F034. Agastat GP
Initiation Relay Closes RWCU isolation valve B21H-K154
G33-F004. Agastat CP
Initiation Relay Closes RWCU isolation valve B21K-K159
G33-F054. Agastat GP
Initiation Relay Closes RWCU isolation valve B21H-K160
G33-F039. Agastat CP

Reference Drawing numbers:-

851E602AA, Sheets 1A, 4, 5
82BE4LLSAA, Sheets 2, 3, 11, 12, 15
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BTT TRIP FUNCTION TABLE NO: 3.3.2+3

NEDO~32291

RTT TRIP FUNCTION ITEM RO: 4.e

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Rx Vessel low lLow Water Level - Level-2

DRAFT

River Send (1 of 1)__

: BWCU System Isolatiom

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MEPL & MODEL &
Transmitter Senses RPV level & sends signal to B21-NO81A

the MTU B21-N681A.

Rosemount 1152

Master Trip Unit

Transmits RPV level signel to STU
B21-N682A.

B21-N681A
Rosemount 510DU/710DU

Slave Trip Umit

Deenergizes relay B21H-K148A on L-2
to initiate isolation.

B21-N682A
Rosemount 510DU/710DU

STU Output Relay Deenergizes relay B21H-K27 to B21H-K148A
actuate isolation. Agastat GP
Interfacing Relay Deenergizes relays B21H-K145, K154, B21H-K27
K159 & K160 to close valves. Agastat GP
Initiation Relay Closes RWCU isolation valve G33-F034. B21H-K145
Agastat GP
Initiation Relay Closes RWCU isolation valve G33-F004. B21H-K154
Agastat GP
Initiation Relay Closes RWCU isolation valve G33-F054, B21H-K159
Agastat GP
Initiation Relay Closes RWCU isolation valve G33-F039. B2lH-sive
Agastat GP

Reference Drawing Numbers:-

82BELLSAA, Sheets 2, 3, 15, 17



SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : RCIC Steam Line Flow - High

NEDO-32291 DR AFT

RTT TRIF FUNCTION “ABLE NO: 3.3.2-3 River Bend (1 of 1)__
RTT TRIP FUNCTION ITEM NO: 5.a

: RCIC Isclation

T/€ RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DRESCRIPTION OF COMPONENT FUNCTION MPL & MODEL ¢
Transmitter Sends RECIC turhine supply delta E31-NOB3A

pressure sijual to MTU E31-N683A.

Rosemount 1152

Master Trip Unit

Transmits delta pressure signal to
STU E31-N690A & energizes Relay ES51A
ES1A-K64 on Plus High Delta Pressure
or on Negative High Delta Pressure.

E31-N683A
Rosemount 510DU/710DU

Time Delay Relay

Energizes relays ESIA-K15 & K24 after
time delay to isolate RCIC.

E51A-K64
Agastat TR (TDPU)

Initiation Relay Closes steam supply line isolation ES51A-K15
valve E51-F064, Agastat GP

Initiation Relay Closes pump suction valve from ES1A-K24
suppression poecl, ES1-FO31. Agastat GP

Reference Drawving Numbers:-

82BES39AA, Sheets 2, &,

8, 13
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NEDO-32291

pRAFT

RTT TRIF FUNCTION TABLE NO: 3.3.2-3 River Bend (1 of 1) __
RTT TRIP FUNCTION ITEM NO: S.e

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : RCIC Steam Supply Pressure - low

: RCIC Isolation

T/S RTT REQUIREMENT (fec) : <= 10.0
DEVICE
DESCLIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses RCIC turbine supply pressure E31-NOE5A

& sends signal to MTU E31-N685A.

Rosemount 1152

Master Trip Unit

Energizes relay E51A-K66 to initiate
isolation.

E31-N685A
Rosemount 510DU/710DU

Initiation Relay and Closes vacuum breaker isolation valve ES51A-K66

Interfacing Relay ES1-FO77; energizes relays ES51A-K15 Agastat TR
& K24.

Initiation Relay Closes steam supply line isolation E51A-K15
valve ES51-F064. Agastat GP

Initiation Relay Closes pump suction valve from ESlA-K24
suppression pool, ES51-FO31. Agastat GP

Reference Drawing Fumbers:-

82BE539AA, Sheets 2, &,

8, 13
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NEDO-32291 DR AFT

RTT TRIP FUNCTION TABLE NO: $.3.2-3 River Bend (1 of 1)__
RTT TRIP FUNCTION ITEM NO: 6.c
SYSTEM DESCRIPTION : Residual Heat Removal System Isolation
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Water level - Lavel-3
T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses reactor water level and sends B21-NOBOA
signal to MTU B21-N680A. Rosemount 1152
Master Trip Unmit De-energizes relays C71A-K6A and B21-N680A
K46A on low water level-3. Rosemount 510DU/710DU
Interfacing Relay De-energizes relay B21H-K23A on lov C71A-K6A
water level . ® Agastat GP
Interfacing Relay De-energizes relay B21H-K129A on low C71A-K&46A
water level *% Agartat GP
Interfacing Relay and De-energizes Relay B21H-KS9A & closes B21. K23A
Initiation Relay RHR sample line valves E12-FO75A & B.  Agastat GP
Interfacing Relay and Energizes Relay E12A-K135A & closes B21H-K359A
Initiation Relay RHR discharge to RW Valve E12-F040. Agastat GP
Initiation Relay Closes RHR shutdown cooling upper E12A-K135A
pool valve E12-FO37A. Agastat GP
Interfacing Relay De-energizes Relays B21H-K54 & K165, B21H-K129A
Energizes Relay E12A-K11llA. Agastat GP
Initiation Relay Closes RHR reactor head spray valve B21H-K54
E12-F023. Agastat GP
Initiation Relay Closes RHR suction cooling valve B21H-K165
E12-FDO8. ! Agastat GF
Initiation Relay Closes RHR shutdown cooling injection  E12A-Kl1llA
valve E12-FOS53A. Agastat GF

Reference Drawing numbers: -

B28E4L4LS5AA, Sheets 2, 11, 12, 15
828ES34AA, Sheets 3, 8, 13
828E531AA, Sheets 2, 18

* The signal from relay C71A-K6A goes through isolator B21H-AT38 before
it reaches relay B21H-K23A.

** The signal from relay C71A-K46A goes through isolator B21H-AT38 before
it reaches relay B21H-K129A.
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NEDO-32291 Da AFT

RTT TRIF FUNCTIOK TABLE RO: 3.3.2-3 River Bend (1 of 1)__
RTT TRIP FUNCTION 1TEM RO: 6.d
SYSTEM DESCRIPTION < *.sidual Heat Removal System Isolation
TRIP FUNCTION DESCRIPTION : heactor Vessel Low Water Level - Level-l
T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT EUNCTION MPL & MODEL *
Transmitter Sends RPV lLevel signal to the master B21-NO91A i)
trip unit B21-N691A. Rosemount 1154
Master Trip Unit Energizes Relay E21A-K91 on Level-l B21-N691A
to initiate Isolatiom. Rosemount 510DU/710DU
Interfacing Relay Energizes Relay E21A-K1l to E21A-K91
close valves. Agastat GP
Interfacing Relay Energizes Relays E12A-K109A, K110A, E21A-K11
and K125A. Agastat GP
Initiation Relay Closes RHR Test return valve E12A-K109A
E12-FO24A. Agastat GP
Initiation Reluy Isolates BOP functions for LOCA E12A-K110A
initiation. GE HFA
Initiation R:lay Closes RHR Heat Exchanger Flow to E12A-K125A
Suppression Pool valve E21-FOllA. Agastat GP

Reference Drawing numbers:-

828ES535AA, Sheets 2, 6, 10.
828ES34AA, Sheets 3, 8, 13.
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NEDO-32291 DRAﬂ

RTT TRIP FUNCTION TABLE NO: 3.3.3-3 River Bend (1 of 1)__
RTT TRIP FUNCTION ITEM NO: 1.0
SYSTEM DESCRIPTION : Low Pressure Core Spray System
TRIP FUNCTION DESCRIPTION : LPCS System Initiatiom
T/8 RTT REQUIREMENT (Sec) : <= 37.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses RPV level signal to MIU B21-N0O91A
B21-N691A. Rosemount 1154
Master Trip Unmit Energizes relays E21A-K91 and K3A B21-N691A
to initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E21A-K10 & K11 on E21A-K91
RPV level-l. Agastat GP
Transmitter Senses drywell pressure signal to MTU  B21-NOS4A
B21-N69GA. Rosemount 1154
Master Trip Unit Energizes relays E21A-K94 and KlA B21-N694A
to initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E21A-K10 & K11l on E21A-K9%
high drywell pressure. Agastat GP
Initiation Relay and Closes valve E21-F012; Energizes E21A-K10
Interfacing Relay relays E21A-K151 & Kl4. Agastat GP
Interfacing Relay Energizes relay E21A-K12 after E21A-K151
2 sec. time delay. Agastat TR14D
Initiation Relay Starts LPCS pump E21-COO1. E21A-K12
GE HMA
Initiation Relay Opens LPCS injection shutoff valve E21A-Kl4
E21-F005. Agastat GP

Reference Drawing Numbers:-

828E535AA, Sheets 2, 6, 7, 10
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RTT TRIP FUNCTION TABLE NO:
RTT TRIF FUSCTION ITEM NO:

SYSTEM DESCRIPTION

TRIF FUNCTION DESCRIPTION :

NEDO-32291

3.3.3+3

2.a

pRAFT

River Bend (1 of 3)__

: Low Pressure Coolant Injection Mode of RHR System

LPCI Mode of RHR System Initiation, Pumps A & B

T/S RTT REQUIREMENT (Sec) : <= 37.0
DEVICE

DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses RPV level signal to MIU B21-NO91A

B21-N691A. Rosemount 1154
Master Trip Unit Energizes relays E21A-K91 and B21-N691A

B21C-K3A* teo initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E21A-K10** & K11 on E21A-K91

RPV level-1l. Agastat GP
Transmitter Senses drywell pressure signal to MTU  B21-NO94A

B21-N694A. Rosemount 1154
Master Trip Unit Energizes relays E21A-K9 and B21-N694A n

B21C-K1A* to initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E21A-K10** & K1l on E21A-K9%

high drywell pressure. Agastat GP
Transmitter Senses RPV level signal to MIU B21-NO91B

B21-N691B. Rosemount 1154
Master Trip Unit Energizes relay E12A-K7 to initiate B21-N691B

system start, Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E12A-K109B, K9B, E12A-K7

and K126B on RPV level-l. Agastat GP
Transmitter Senses drywell pressure signal to MTU  B21-NO94B

B21-N694B.

Rosemount 1154

Master Trip Unit

Energizes relay E12A-K5 to initiate

system start.

B21-N694B
Rosemount 510DU/710DU

Reference Drawing Numbers: -

828ES535AA, Sheets 2, 6, 10
828BES534AA, Sheets 3, 8, 9, 10, 13, 14, 15, 16, 17, 24

851E602AA, Sheets 1A, &

Notes:

* B21C-K3A & K1A, when energized, lead to ADS valves open if LPCS/LPCI pumps operate.
*+ E214-K10, when energized, leads to start of LPCS (see Table 3.3.3-3, Item 1.0).
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NEDO-32291

DRAFT

RTT TRIP FUNCTION TARLE NO: 3.3.3-3 River Bend (2 of 3)__
RTT TRIP FUNCTION Ilgd NO: 2.8
SYSTEM DESCRIPTIONW : Low Pressure Coolant Injection Mode of RHR System

TRIP FUNCTION DESCRIPTION : LPCI Mode of RHR System Iniciation, Pumps A & B

T/8 BRTT REQUIREMENT (Sec) : <= 37.0
DEVICE

DESCRIPTION OF COMPONENT EUNCTION MEL & MODEL
Trip Unit Output Relay Energizes relays EL2A-K109B, K9B, E12A-K5

and K126B on high drywell pressure. Agastat CP
Interfacing Relay Energizes relays E12A-K125A, K126A, E21A-K11

K9A, K9A, & K109A. Agastat GP
Initiation Relay Closes RHR HX flow valve to suppres- E12A-K125A

sion pool, E12-FOllA. Agastat GP
Initiation Relay and Opens RHR injection valve E12-FO27A. E12A-K126A
Interfacing Relay Agastat GP
Interfacing Relay Energizes relays E12A-K93A, K70A, E12A-K9A

K23A & K95A. Agastat GP
Interfacing Relay Deenergizes relay E12A-K95A afrer E12A-K93A

10 min. time delay. Agastat TR14D
Initiation Relay Opens valve E12-FO48A for RHR HX E12A-K95A

shell side bypass; allows closure Agastat GP

after 10 min.
Initiation Relay and Starts RHR pump E12-CO02A; energizes E12A-K70A

Interfacing Relay

relay E12A-K18A after 7 sec. TD.

Agastat TR14D

Initiation Relay Starts RHR pump E12-CO02A. E12A-K1BA
GE HFA
Initiation Relay Opens RHR injectior valve E12-FO42A. E12A-K23A
Agastat GF
Initiation Relay and Closes RHR steam line isolation E12A-K94A
Interfacing Relay valve E12-F052A; deenergizes relay Agastat GP
E12A-K96A.
Initiation Relay Closes RHR valves E12-FO51A & E12A-K96A
E12-FO65A. Agastat GP

Reference Drawing Numbers:-

828E535AA, Sheets 2, 6, 10
828BE534AA, Sheets 3, 8, 9, 10, 13, 14, 15, 16, 17, 24

851E602AA, Sheets 1A, &
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RTT TRIP FUNCTION TABLE RO:

NEDO~32291

3.3.3-3

RTT TRIP FUNCTION ITEM RO: 2.a
. Low Pressure Coolant Injection Mode of RHR System

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIFTION :

LPCI Mode of RHR System Initiation, Pumps & & B

T/8 RTT REQUIREMENT (Sec) : <= 37.0
DEVICE

DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #

Initiation Relay Closes RHR test return valve E12A-K109B
E12-F024B. Agastat GP

Interfacing Relay Energizes relays E12A-K93B, E12A-K9B
K95B & K70B. Agastat GP

Timer Relay Energizes relay E12A-K95B after E12A-K93B
10 min. time delay. Agastat TR14D

Initiation Relay Opens RHR HX shell bypass valve E12A-K95B
E12-FO48B. Agastat GP

Timer Relay Energizes relay EL2A-K1BB after 7 sec  E12A-K70B
time delay. Starts RHR Pump E12-CO02B. Agastat TR14D

Initiation Relay Starts RHR pump E12-CO02B. E12A-K18B

GE HFA

Interfacing Relay Energizes relays E12A-K125B, K94B E12A-K126B
& K102. Agastat GP

Initiation Relay Closes RHR HX valve E12-FO11B, flow E12A-K1258
to suppression pool. Agastat GP

Initiation Relay and Opens RHR "B" injection valve EL12A-K94B

Interfacing Relay E12-FO27B; energizes relay K23B; Agastat GP
deenergizes relay EL2A-K96B.

Initiation Relay Closes Solenoid valve E12-FO65B E12A-K96B
(condensate discharge to suppression Agastat GP
pool or RCIC.)

Initiation Relay Opens RHR injection valve E12-FO42B. E12A-K23B

Agastat GP

Reference Drawing Numbers: -

B28ES535AA, Sheets 2, 6, 10
828ES34AA, Sheets 3, 8, 9, 10, 13, 14, 15, 16, 17, 24

BS51E602AA, Sheets 1A, &
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RTT TRIP FUNCTION TABLE NO:

NEDO-32291

3.3.3-3

RTT TEIP FUNCTION ITEM NO: 2.b
. Low Pressure Coolant Injection Mode of RHR System

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : LPCI Mode of RHR System Initiation, Pump C

pRAFT

River Bend_ (1 of 2)

T/8 RTT REQUIREMENT (Sec) : <= 37.0
DEVICE

DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses RPV level signal to MTU B21-NO91B

B21-N691B. Rosemount 1154
Master Trip Unit Energizes relsy E12A-K7 to initiate B21-N691B

system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relays E12A-K109B*, K9B¥, E12A-K7

and K126B on RPV level-l. Agastat GP
Transmitter Senses drywell pressure signal to MTU  B21-NO94B

B21-N694B.

Rosemount 1154

Master Trip Unit

Energizes relay E12A-K5 to initiate
system start.

B21-N694B
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relays E12A-K109B, K9B, E12A-K5
and K126B on high drywell pressure. Agastat GP

Interfacing Relay Energizes relays E12A-K125B, K94B E12A-K126B
& K102. Agastat GP

Initiation Relay and Closes RHR HX valve E12-FOllB, flow E12A-K125B

Interfacing Relay to suppression pool; energizes relay Agastat GP
E12A-K23C.

Initiation Relay Opens RHR injection valve E12-F042C. E12A-K23C

Agastat CP

Initiation Relay and Opens RHR "B" injection valve E12- E12A-K94B

Interfacing Relay FO27B; energizes relays E12A-K70C Agastat GP
& K23B*; deenergizes relay E12A-K96B*.

Timer Relay Energizes relay E12A-K18C after E12A-K70C
2 sec time delay. Starts RHR pump Agastat TR14D

E12-C002C.

Reference Drawving Numbers:-

828ES534AA, Sheets 3, 9, 10, 15, 16, 17, 24

Notes:

* E21A-K109B, K9B, K23B & K96B lead to start of RHR pump B
(see Table 3.3.3-3, Item 2.a).
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NEDO-32291 DRAFT

River Bend (2 of 2)__

RTT TRIP FUNCTION TABLE NO: 3.3.3-3

RTT TRIP FUNCTION ITEM NO: 2.%

SYSTEM DESCRIPTION . Low Pressure Coolant Injection Mode of RHR System

TRIP FUNCTION DESCRIPTION : LPCI Mode of RHR System Initiacion, Pump C

T/8 RTT REQUIREMENT (Sec) : <= 37.0

DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Initiation Relay Starts RHR pump E12-C002C. E12A-K18C
GE HFA
Initiation Relay Closes RHR "C" test return E124-K102
valve E12-F021. Agastat GP

Reference Drawing Numbers:-

828E534AA, Sheets 3, 9, 10, 15, 16, 17, 24

Notes:
* EZ1A-K109B, K9B, K23B & K96B lead to start of RHR pump B (see Table 3.53.3-3,

Item 2.a).
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pRAFT

NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.3-3 River Bend___ (1 of 1) __

RTT TRIF FUNCTION ITEM NO: 4.0

SYSTEM DESCRIPTION : High Pressure Core Spray System

TRIP FUNCTION DESCRIFTION : HPCS System Initiation

T/8 RTT REQUIREMENT (Sec) : <= 37.0

DEVICE

DESCRIPTION OF COMPONENT FUNCTION MEL & MODEL #
Transmitter Senses RPV level signal to MTU B21-NO73C

B21-N673C.

Rosemount 1154

Moste- Trip Unit Energizes relay E22A-K73 to

initiate system start.

B21-NG73C
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relay E22A-K1l on RPV E22A-K73
level 1. Agastat GP

Interfacing Relay Energizes relays E22A-K3, K9 & Ki09. E22A-K11
Agastat GP

Transmitter Senses drywell pressure signal to MTU B21-N067C

MTU B21-N667C.

Rosemount 1154

Master Trip Umit Energizes relay E22A-K67 to

initiate system start.

B21-N667C
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relay E22A-K29 on DV pres- E22A-K67
sure. Agastat GP
Interfacing Relay Encrgizes relays E22A-K3, K9 & K109. E22A-K29
Agastat GP
Initiation Relay Auto start of HPCS diesel generator. E22A-K3
GE HFA
Initiation Relay Opens HPCS valves E22-FO01 & F004. E22A-K9
Agastat CP
Initiation Relay Closes HPCS test valves E22-F010, E22A-K109
FO11 & F023,. Agastat GP

Reference Drawing Numbers:-

E28BE536AA, Sheets 3, 4, 5, 6, 7
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APPENDIX D
RIT FAILORE EXPERIENCE REVIEW FROM INDUSTRY DATA BASES

"his Appendix summarizes the results of a comprehensive BWR Owners' Group
inves' igation with respect to the generic failure of response time sensitive
compoients reported as of May 1991. The sources used to obtain this
information are GE SILs, NPRDS database, NRC Bulletins and NRC Information
Notices. The available information has been included in this Appendix which
summarizes the generic RTT component failures. First, the response time
sensitive components are identified followed by a brief description of the
incident or generic failure event, Next the table evaluates whether the
function was or was not lost. This is followed by the impact on response time

(RT) and other redundant surveillance tests that would detect the same generic
failure.

The remaining columns classify other or additional redundant surveillance
tests that can also pick up the same generic failure mode. Each column in the
Generic RTT Components Failure Mode Experience is described below:

(A) Part Name

This column identifies the response time sensitive component, its
manufacturer and model number. The failed part is also listed, followed
by the source of information such as GE SILs, NRC Bulletins etc.

(B) Generic Failure Mode (s)

This column contains a brief description or synopsis of the incident
followed by the identification of the failed part, the root cause, the
failure symptom and the resolution. Final resolution involves design
change, material change, component disqualification for a specified
function and even discontinuation of the component by the manufacturer.

(C) Functicnal Failure

Inability or interruption of ability of system, structure or component to
perform its designed function within acceptance criteria.

(D) Impact on Response Time (RT)

When the response or performance characteristics of a response time
sensitive component degrades to a point where it significantly exceeds
its design tolerances without functional failure, this component is
considered to have an impact on response time.

o |
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(E) Detectable by Types of Surveillance Tests

These columns identify redundant technical specification surveillance
tests that would detect the generic failure mode. Channel Functicnal,
Logic Punctional and Channel Check refer to the Technical Specification
tests defined in Appendix B.

NOTE: Calibration is channel calibration as defined in the Technical
Specifications and Appendix B, but does not include the Channel
Functional test. For relay calibrations, refer to initial installation
testing and/or a one-time-only generic document requiremsnt.

(F) Visual Inspection

This method carefully examines by sight but without the use of
instrumentation. This can include disassembly when necessary, checks for
tightness, cleaning, binding and freedom of movement, etc.

D=-2
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RETECTABLE BY TYPES OF SURVEJLLANCE TESTS

FURCT IONAL LOGIT
GENERIC FAILURE MODE(S) FAILURE INPACT CHARNEL SYSTEM CHANNEL VISUAL
PART NAME RELAYS AvEs/wo) | ONRI | EUNCTIONAL CALIBRATION FUMCTION CHECK | INSPECTION
Generic Relay. Silver-nicke!l or silver-cadmivm alloys will Yes No Yes No Yes No Yes
tarnish or oxidize when used in low current
Relay Contact spplicat tons because of the absence of con-
Surface. tact surface sparking from the typical
relay contact “making and bresking” func-
{1EN 88-98) tiona. The sparking in the contact sur-
faces tends to promote & self-cleaning
mechanism that reduces the oxide bulldup en
the contacts.
West inghouse ARD. Increased drag was found on the relay sole- o Possible Yes o Yes No Yes
noid armature. This was sttributed to an
Relay soiencid tncreased resistance caused by dust on the
armature . relay contact. Increased drag was caused
by granules from the cofl poiting compound
{1EN 88-88 Suppl) {sand basad material) ‘odging between the
solenolds coil spool and the armsture that
moves inside the coil spool. Resulting in
increased relay contact resistance and
breakdown of co!l potting compound due to
aging.
GE HFA. Improper adjustments of contact gap and Yes None Ro Yes* No %o #o
wipe can effect the performance of the
Relay contact GAP | relsy during seismic events. HFA ralays
and VIPE setting | are manufactured with contacts normaily
ad justment . open, but can be chsnged to normally
closed. [f this setting is changed then
{1EN 83-19 & the contact gap and wipe settings must be
St1 &4 + Suppl) adjustad properly.
(* Gap setting during Installattion)

162Z2E~0A3N
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GENERIC FAILURE MODE(S)
T - S—

West inghouse BFD,
NBFD. Armature over
travel

(1E8 79-25)

Cut ler-Hammer Type M
Relays with OC
Cotls.

Cotl burnout .

(1€8 76-08)

West inghouse BFD.

Cotl Insuiztion and
solider jcints.

(1€5 76-05)

——

The new styie BFD relays exhibited marginel
or unsatisfactory contact mek ing character-
fstices dus to insufficient armature travel.
The minimum scceptable overtravel estab-
lished is 0.02 inch, which is defined as
the distance the relay armature travels
beyond the point at which normelly open
contacts make. Contact over travel of all
eight pole & trave! pole relays can be con-
firmad by measurement.

(* Contact overtrave! messurement)

Type-M Relays falled during testing. The
cause of fatlurs was loss of arc gap in the
cotl cleaning contact, where the normal
mode of operation is to have the coil
energized. This contact prevents winding
burnout by interrupting the Inrush currant
to the pickup coil. The loss of arc gap iIn
the clearing contsct wes caused by z=n
abnormal smount of hest induced shrinkage
of molded magnet carriers.

During testing relays were discoversd with
excessive cperating times and cpen circuit
fatlures. Yhese were caused by over heat-
ing of the relay colls. This overhesting
mey result in coil insuletion breskdown or
maiting of the coil sclder jotats, efither
of which can lead to open cirouit failure.
This overheating can alisc result in the
deformation of the nyion coil slesve in
which the plunger travelers, affecting the

FUNCT IONAL
FRILURE INPACT
Aves/mo) | onml
Yes Posstible
Yea Hone
Yes Nore

LOGIC
CHANNEL SYSTEM CHANNEL YISUAL
EUNCTIONAL CALIBRATION FUNCTION CHECK | INSPECTION
Yes Yes* Yes L] No
Yes o Yes No No
Yes Mo Yes %o No

1622E~0Q3AN
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QETECTABLE BY TYPES OF SURVEILLANCE TESTS

FURCTI1ONAL LOGIC
GENERIC FAILURE MODE(S) FAILURE INPACT CHANNEL SYSTEM CHANREL VIsuAL
PART NAME RELAYS MYES/NO) | ONRY | FUNCTIONAL CALIBRATION FUNCTION CHECK | IXIPECTION
relay opaning time. This coi! has been
replaced by a2 new coil insulation thet is
less susceptibis te temperature
degradat fon.
6E Induction Disc A higher than normal pick-up value was No None Yes Yes Yes Ne Ko
Relays. (IAC, IAY, | caused by pstroleum jelly lubricant which
ICR or ISCY) under high temperature conditions can
migrate to the backstop. Later, at room
Petroleum Jally temperature the lubricent can act as an
Lubr tcant . adhesive and ceuse pick-up values to be
khigher than setpoint values. Cleaning
(tEC 80-01) procedure is recommended.
West inghouse BF (AC) Relay malfunctions were caused by the pin Yes Nona Yes No Yas No No
BFD{EC). that connacts the plunger to the operating
hesd rubbing a2gsinst the contact block.
Pin misalignment. This rubbing action resuited in friction
that impeded the plunger movement when the
{1EC 78-02) relay coil was energized, there by prevent-
ing contact movement. Relays would operate
properly when tha pin was centered in the
plunger. As a result the relay contacts
remained in the de-energized position even
though the coll was energized. Relay
replacement was recommended.
West inghouse BFD, Vhile conducting periodic responsa time Yes Hone Yes Mo Yes No Yes
test two relays wers found to be stuck in
Struck Armature. the energized position with the coll
de-energized. Investigation revealed that
{1£8 79-25) the armature was sticking to the armature

162Z€~-0QaN
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SENERIC FAILURE MODE(S)
— T . —_—

-
=

Adams & West lske Co.

Mercury-Wetted
matrix relays.

{1€8 80-18)

GE Type HFA Releys.

Lexan Coil Spoei
material.

{1€8 84-02)

-

FUNCTIONAL
FAILURE

AYES/HO)

IMPACY

DETECTASLE BY TYPES OF SURVEILLANCE TESTS

CHANNEL

LOSIC
SYSTEM CHANMEL
_CALIBRATION FUNCTION CHECK

VISUAL

stop post. This condition i3 created when
haat generated by normally energized colls
causes & softening and resultant flow of
epoxy adhesive. The epoxy adhesive i used
to attach the magnetic sntistick disc te
the top of the srmsture stop post. When
sufficient adhesive flows to the top of the
srmature stop, the armeture becomes bonded
to the stop post, resulting in the relsy
sticking in the energized position.

Fallures were “failed closed” typs. The
number of wuitiple failures detected sug-
gest the presence of a common-mode failure
mechanism. Due to the high random fatlure
rate, and a possibla common-mode fallure
mechanism, these relays have been repleced
by dry-contact relays.

Fallures involved relays that wers contine-
ously ensergized in AC circuits and falled
to opsn when de-energized. The cause wes
the deteriorstion of the coil wire insula-
tion 23 & result of the effects of aging.
Fallure machanism begins with wire insule-
tion feilure resulting in shorted turne,
causing increased coil tempersture end
eventual coil fatlure. Coll temperstures
can resch & level which can vaporizs the
insulating msterisls and can melt the catl
spoo!. These materisis msy then deposit on
cooler surfaces of the relay and ceuse
srmature damage and/er fall to make 2

Yes

Yes

Yas

Yes

162ZZ¢~003N
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FURCT 1ONAL LosIC
GENERIC FAILURE MDDE(S) FAILURE IMPACT CHANREL SYSTEM CHANNEL ViSuaL
PART NAME RELAYS —— AJES/NO) | ONRI | EUNCTIONAL CALIBRATION FUMCTION CHMECK | INSPECTION
contact circuit. Rscommended replacement
by new “Century Serfes” HFA relay that uses
8 high-temperaturs-rated plastic material
called "Tefzel™.
GE MFA Relays. inadequate latch engagement, (when the coill Yes None Yes Yea No Yes

Latch Engagement.

(1€ Not 88-14

NRC Bulietin 88-03)

is snergized) was caused by the armature
latch operation that locks in the change (n
the state of the contacts and holds them in
that state once the relay {s de- energized
unti) the relay is reset. With the
srmature in the latchad position, sach leg
of the U-shaped latch should engage the top
of the armature by ths required minimum of
1/32 inch. W¥ith less then 1732 inch latch
engagement, 1t is possible that the relay
could unlatch prematursly. There ..e two
circumstances that can ceuse latch engage-
ment to be less then 1/32 inch: (1} In-
sufficien. ~learancs Leiscon the top of the
rzlay armatur= and the top of the moving
contact carrier ard {2) Insufficient
tension provided by the formed lesf spring
that rotates the latch to its fully engaged
pesition, which may permit the spring to
relex before full engegement between the
latch end the armature is achisved.

1622¢-0Q3N
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GENERIC FAILURE MODL,S)
BELAYS

e ———

———

GE Type STD.

Radio Freguency
Interference.

1E8 76-03.

GE STD Transformer
differential Relays.

lener cdlodes.

{1E8 76-03}

GE Relays WFA, HGA,
HKA, HRA.

Open Clreuit Cotl
Fatluras.

{18 84-02)

A maifunction r.s ceused by radio frequency
interferance from an activated transceiver.
in the re-designed card the ST0 dropout
point was reduced to 32 milliseconds. This
significantly reduced the relsy redio fr.-
quancy sensitivity.

{* Dstectshle after the trip has occurred}

The zerer diode or the associsted droping
resistors on the STD sense Amplifier cerd
have failed shorted. The cause was the two
rener diodes whose ceses were physically
touching, resulting in a short circuit.
The sense amplifiar card has been rede-
signed using a new printed circuit cerd
with componsnts arranged to preclude any
possidility of short circuits.

Open circutt coll fallures of these reley
windings, had been caused by corrosion.
Halogens from s class of Hylon coll spools
or bobbine plus humid conditions ware
sttributed as the fundamental causes of the
corrosfon and resulting cofl failures.
Invest igat lon reveaied that hest stabiliz-
ing element of ths nylen coll spool con-
teined halogen lons which could be relessed
over time. When combined with moisture the
halogen tons form hydrochloric acid and
copper salts which can causs the eventual
open circult failure of the colls. Vendor

FUNCTIONAL
FAILURE

AYES/HO)

Yes

Yes

IMPACT

Yes

Yes

LOsIC
SYSTEN CHANNEL VISUAL
CHECK | INSPECTION
No No Yea*
Yes Ho Mo
Yes No No

"o
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DEVECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCT 1ONAL LOGIC
GENFZIC FAILURE MODE(S) FATLURE IHPACY CHANNEL SYSTEM CHANNEL VisuaL
e PART NAME RELAYS AYES/NO) | ONRT | EUNCTIONAL CALIBRAVION FUNCTION CHECK | INSPECTION
recommended replacing the coils or relays
with new relays that have LEXAN spoo!
material.
GE WFA. Defective relay coil spocis with aither Yes None Yes Yes Yes
black or clear iexan, 3 palycarbonate mate-
Coil Spools. rial is susceptible to surface cracking
when exposed to hydrocarbons. Thase sur-
(1€ Mot &1-0f & face cracks can ultimately deteriorate to &
S$41 44 + Suppl) point where the relay sctuation would be
blocked by this debris, and thereby inhib-
iting the safety function.
GE MFA (PVD 218 PVD | The HFA relays were not resstting. The Yes fone Yes Yes No
21D, HGA PVD 218, | problem was the mechan!cal binding in the
PYD 21D, HGA). relays that prevented the normalily closed
contacts from making contact during de-
Stop tab location on | energization. The causa was the incorrect
the armature. location of a stop tab that is welded to
the armature.
(1€ Not. 88-14)
GTE Sylvania AC | Normally energized relay coil was burning Yes None Yes Yes Yes
Relays. and smoka was observed coming from the
Relay room. Upon de-snergization of the
Relay Coil. ralay coll the smoke stopped. The cause
was determined to be co!l end-of-1ife ther-
(1€ Info Notice No. | mal aging and accelerated thermal sging of
24-20.) related relay components.

162ZE-0Q3N
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GENERIC FAILURE MODE(S)
_BELAYS

Vestinghouse Type
SA-1 diffarential
ralays.

internsl Capaciter
Fatlure.

(1EN No. 83-63)

AGASTAT E-7000

Pnesumatic timing
diaphragm

{1E% B82-04)

Vest Inghouse NBFD

Relay coll insulat-
ing material

(1EN No. 82-02)

Random trip ocutput caused by ralsys con-
taining $.7. SEMICOR silicon-controlled
ractifiers in SA-1 type relays. The two
potantialily significent problems are insuf-
ficient surge-withstand-capability (SWC)
and interns! tantalum cepacitor fallures
due to corrosion that results in the lesk-
ags of the electrolyta. Vendor recommends
& surge protection module be added to this
ralay model.

The pneumatic timing diaphragm ‘ssks out @
fluid substance as & function of time and
tempsratura. This fiuid substance tends to
sffect the diaphragm sea! on ths relays
opersting at high tampsratures for sxtended
pertods, resulting in shorter time delays
than those set on the relay dial.

{Note: Time delay relsy: require response
vorification through callbration)

{* sssuming significant devistion from
desired setting)

At high smbient temperature conditions,
relay cotls could fall due to the inductive
voltage spiks gsneratad by the de-snergize-
tion of the relay coll. These fallures are
confinad te normslly energized relays.
Mylar insulating meterial resolves the cotl
burnout by high voitage spikes.

FUNCT IONAL LOGIC
FAILURE INPACT CHANNEL SYSTEM CHANNEL VisuaL
MYES/NO) | OMRI _CALIBRATION FURCTION CHECK 1 INSPECTION
Yes None Yes No Yes to No
o Yes Yes* Yes Yoe* %o No
Yes Nons fes He Yes No #o

1622e~-0Q3N
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCY 1OMAL LOGIC
GERERIC FAILURE MODE{S) FAILURE IMPACY CHANKEL SYSTEM CHANNEL VISuAL
___PART NAME RELAYS YES/NO) | ONRT | FUMCTIONAL CALIBRATION FUMCTION CHECK | INSPECTION
GE WFA Partial! meliting of the Nylon coil spoo! Yes Yes Yes Mo Yes No Yes

Coll Spoo) material

(1EN No. 82-13;

prevanted the relay from moving to the
de-energized position for several minutes
after tha coll was de-energized. On
another occasion melted LEXAN material was
found to be the causs. Melted insulation
from the relay coll of an asctuated relay
had costed the relay contacts and thus pre-
vented alectrics) contect. & piece of the
spooi fiange had fallen into the gsp
between the open armature and pole face,
preventing solid contact. With the con-
tacts just touching must have created &
fixed air gep in the magnetic clrcuit. The
increase in the current caused by the 2ir
gsp produced sxcessive temperaturs rise in
the cotl. This excessive temperaturse rise,
through conduction and convection to the
srmature 2ssembly and shading ring eventu-
ally caused remsining spoo! flange to
soften, melt and move. As the plece of
spoo! flange in the gap melited, the air gap
closed permitting the normally open
contacts to fully close. The closure of
ths gap caused 2 lower tem 'rature and the
melted LEXAN then hardened and created a
bond between the armature and the pole
fsce. Thus when the col! was de- energized
the return spring force wes not enough to
break this bond. It was recommended that
the LEXAX and Nylon coll spoo! be replaced
with Century Series TEFZEL coll spools.

248°
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—PAR] NAME

GENERIC FAILURE MODE(S)

RELAYS ——

AGASTAT E-7000.
Relay orientation.

(1E% 85-49)

West inghouse NBFD.

Coll Filler epoxy.

(1EN 82-54)

AGASTAT CRODSS.
Relay Sockets.

JIE R 82-48)

The time-reisy measuremants of horizontally
bench calibrated but vertically installed
relays ware 23 much as 30X greater then
that of the bench cslibration. Ber-h nali-
bratior s*ould be performed (1 the same
orientar - as the mounted devic-.

{Note: Tima delsy relays regu.re response
ver|ficat ton through calibration;

{(* sssuming zignificant devistion from
desired setting}

Coil sticking problems were attributed to
coll filler epoxy which flows during ser-
vice into the plunger cavity, inhibiting
the reiay from moving to a de-energized
position after the power is removed. This
results in sluggish relsy operation.

{* Failure resuits over time)
{** Some RT degradation possible before
complate functions! fallure)

Relsy fatled to energize due to the socket
sontact baing disengaged from the socket
and net making contact with the mating
ralay contact

FUNCTIONAL L06IC
FAILURE INPACTY CHANNEL SYSTEM CHANNEL VISUAL
! Necswl | ONRY Wlﬂw JNSPECTION
%o Yes Yes* Yes* L o
Yos* Yee** Yes Yes Ho Yes
Yes None los Yes o No

%°
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DETRCTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCTIONAL LOGIC
GEMERIC FATLURE HODE(S) FAILURE IMPACT | CHIANNEL SYSTEM CHANNEL YISUAL
PART NAME RELAYS MYES/NO} | ONM RY | FUNCTIONAL CALIBRATION FUNCTION CHECK | INSPECTION
GE WFA. Difficulty in making wipe &nd gap settings Yes Possible Yes Yes Yes Ho No
due to binding of » movable contact finger
Movable Contect in the phenoiic support assembly. The root
Finger. cause of the binding was determined to be
movabie contacts that were manufectursd
{1EN 88-83 Supp. 1) widsr than the allowsble tolsrance. These
wider contact arms do not float freely in
the slot provided in the phenolic support.
Consequent ly ths binding of a movable con-
tact arm could iInterfere with the relay
contact wipe.
ASEA BB 1TE-SIL The ITE-SIL relays encounter spurious relay No None Yes* No Yos* Ho Ho
Time-over current | actuations caused by fiulty silicon-
relays controlled rectifierr ‘SCRs). These SCR
allow current to flow in the absence of the
Silicon controlied | proper gating signal. These leskasge
rectifiers (SCRs). currents were of sufficlent magnitude to
energize the trip coil of the assoctiated
(1€ 88-58) circult bresker.
(* After trip has occurred)
AGASTAT {6F, FGP, | Tha nylon movabls contact arm was coming in Yes None Yas Ko Yes Mo Ny
EGP} contsct with the barrtsar strip on the
melamine phano! plastic relay bass. Conse-
Nylon movable con- | guently this mechanical interferenca pre-
tact arm. vented one of the four sets of contacts
from changing stats in the relay. It was
(1EN B4-20) determined by 6f and Amerace testing that
these fallures were end-of-service-life
rasulting from service aging of energized
relays in combination with the mechanical
configuration end tolerances. Vendor has

16Z2€~00aAN
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SENERIC FAILURE MODE(S)

—PART NANE . RELALS
since made & design change to correct the
mechanica! configuration and telerance
problems.

AGASTAT (GP) Hachanica! interfersnce between ths moving

Relay contect arm
snd statfonary base.

(1EN 84-20)

GE CRI20A.

Contact Arm
retainer.

{SiL Mo. 229)

GE CRIZ0A.
Sirty Contacts.

{Brunswick dsily
status report)

relay contact arm and the ststionary base
of the relay case. This was determined to
be caused by the casing shrinkage as the
melamine pheno! plastic base cures after
assembly. This phencmenon i3 alse called
post-mold plastic shrinkage that results in
the reduction in clearances. Amerace Cor-
porstion introdurad & design chenge by cut-
ting & notch in the barrier strip to pro-
vide additional clearance.

{* Stuck relay wili be detected)

A small relay firs occurved in a relay
penel due to overheating end subsequent
fgnition. The contact arm retainsr that
wes made of CELCAN NSO acsta] copolymer
which ts flammasbie. The contact arm
retainer material has baen changs’ to VALOX
310-S60, which 1s self extinguishing and
flame resistant.

Dirty contacts wers found on the transfer
relay in feedwater lave! control contacts
thet wers extremaly resistive. Relay uses
dry silver plated contacts. Relay contact
with gold contact? would be better choice
sccording to the rustomer.

FUNCTIDNAL LOGIC
FAILURE IMPACT CHANNEL SYSTEM CHANNEL VISUAL
AYES/NO) | ONMRT | FUNCTIONAL CALIBRATION FUNCTION CHECK | INSPECTION
Yes None Yes* Yes* No Ne
Yes None Yes Yes No Yes
'
Yae None Yos Yes No %o

8
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DETECTABLE BY TYPES OF SURVEILLARCE TESTS

FUNCTIONAL LOGIC
GENERIC FAILURE MODE(S) FAILURE TMPACT CHANNEL SYSTEM CHANNEL visuaL
PART NAME RELAYS MYES/MO) | ONRI | FUNCTIOMAL CALIBRATION FUNCTION CHECK | INSPECIiON
GE CRI20A. The apparent cause of the de-energization Yes Kone Yes No Yes o No
cf the relsy was loss of continuity to the
deposit builldup on | relay due to deposit built up on the sur-
contact surface face of the contscts. These deposits
caused g momentary loss of continuity in
{Fermi Report) the relay. The deposits were snalyzed to
consist of silver sulfide, stificon oil or
light grease and chlorides.
GE WFA. Relay coll winliings had shorted resulting Yes Hone Yes ¥o Yes No No
in an increased current which eventually
Shorted Col! caused the relay cell to fall while exceed-
windings. ing the maximum current rating of down-
stream devices. Aging analysis revealed
{S11. No 44 that the thermal aging of the aylon coii
Supp 1,2) bobbins was the probable cause of failure.
Embritt lement of the nylon bobbins was most
severe at the location where the bobbin
makes contact with the magnetic shading
turn., Extreme embrittlement can lead to
cracking of the nylon bobbin which allows
the cei! windings to move sufficlently to
cause shorted turns. MNylon bobbin msterial
was replaced by polycarbonate material.
GE WFA. The four Nc. 8 x 5/8 inch screws which hold Yes None Yes %o Yes Ko Mo
the a2luminum adapter plate and magnetic
Four Mo. 8 x 5/8 | cors assambly to the back side of the relay
inch screws. case were not mechanically tight. Movament
of the mechanical core can result in incor-
{511 No. 44 & rect contact operation. Furthermore, par-
Sup 1,2,3.4,5) tial contact between the magnetic core
faces and the armature may occur causing

2480
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HFA Relays.

Armature stuck in
energized position.

{SIL No. 44}

HFA Relays.

Defective Glass
window.

{SIL No. 44)

WFA Relay
Pickup voltage.

(SIL %o, &4)

GENERIC FAILURE MODE(S)
———— T ]

FURCTIONAL
FAILURE

IBPACT

RETECTABLE BY TYPES OF SURVE(LLANCE TLSTS

CHANNEL

LOGIT
SYSTEM CHANNEL

EUNCTIONAL CALIBRATION FUNCTION CHECK

ViSUAL

the relay coil to overhest due to en incom-

plate or partial path for the magnetic
F hux.

Investigations to determine the cause of
the stuck armature concluded that improp-
erly cured (but hardened) varnish was the
culprit. A long period of relay energiza-
tion caused the varnish to soften and then
reharden, resulting in the adhesion of the
pole pleces.

Buring tnapections of relays, it wes dis-
covered that a defective glass window on
one of the reisy enclosures would not allow
the armature to returr to the fail-safe po-
sition f de-energized. Ona of the metal
dips used to hold the glass window in p'ace
tn the door freme wss missing end suisti-
tuted for by a plece of masking t.oe.
Deteriorstion of the masking tape hed psr-
mitted the glass window to sag from its
normal position, jerming the relay ermature
in the enerpized mode.

The pickup ve itages of soms ol the 125-0lt
DC WFA relavs were found to be ==i:'d. the
recommended voltage range. Investigations
revealed chet the pickup voltage varles
with tumpsrature, which msy have caused the
ocut-of-range volitages. Alse the reley
pickup voitage beiow the lowsr 1imit of the

Yes

Yes

Yes

Yes

Yes

Yes No

Yes No

Yez No

Yes

Yes
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GENERIC FAILURE MODE(S)
RELAYS

FUNCTIONAL
FAILURE

AYES/NO)

IMPACY

DETECTABLE BY V(PES OF SURVL [LLAMCE TESTS
LrsIc

CHANNEL SYSTEM  CHANNEL
EUNCTIONAL CALJBRATION FUNCTION CHECK

VISUAL

Agastat Relay.

Contact Resistance.

KPRDS

Agastat GP.

Slow response time.

recommended range indicates low spring ten-
sfon which may allow normally closed con-
tacts to chatter in a de-energired relay
during a seismic event. These relays are
qgualified to pravent contact chatter during
seismic events of up to 2.0 g IPA [lero
period acceleration).

A higher then normal resistance in the
relay contact casused the relay to sppesr
electrically open when it was mechanically
closed. The mechanism for the fallure is
beiieved to be oxide build up which over
time Increases on the relay contact sur-
faces because of the low voltage, low cur-
rent 2pplication and infreguent use.

Whils performing response time testing on
Reactor Protection System, low water level
scram, the response time exceeded the tach-
nical specification requirement of 50 mil-
iiseconds. The cause was determined to be
the 40 millisecond drop-cut time cof the
Agastat Master trip relay. Ths root cause
for the excessive drop ocut time was dster-
mined to be the relaxation of the contact
cpening spring. Ralay was replaced.

{Note: In RPS loops, only the sensor fs
exempt from response time testing.)

Yes

Yes

Yos No Yes Ko
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— A,

GEMERIC FAILURE MODE(S)
RELAYS

FUNCTIORAL
FAILURE

INPACT

LOGIC
CHANNEL SYSTEM CHANNEL
EUNCTIONAL CALIGRATION FUMCTION CHECK

VISUAL

Time delay Relay
Setpoint drift

NPRDS

Time delay Relay

felay binding jolted
loose

Time delay Reley
Setpoint drift

W¥hile performing routine survellilance test-
ing, the loss of normal suxilisry power
interlock relay delay time was found to be
out of specification. It was a minor devi-
ation from Tech. Specs. Failure is sttrib-
uted to age/set point drift. The ralay was
adjusied to an acceptsble response time end
returned to service.

{Note: Time delay rele;s require responss
verification through ralibration.)

{* Assuming sign’sicant deviation from
desired settiry)

Relay actuated slow at 17 .84 seconds when
the required Technical scceptance criteris
fs less than or equal to 5 seconds. Relay
was repsired and reinstailed with a RTT of
3.01 seconds.

{Note: Time delay relays require response
ver if icat ton through calibration.)

{* assuming significant deviation from
desired sstting)

Asto-depressurization initiation time delay
relay falled its 92 dey respons= iime test
by more than one second Relay was
recalibrated.

{Note: Tima dalay relays require response
verification through caltbration.)

{(* assuming significant deviation from
desired setting)

Yes

Yes

Yes

Yes* Yes Yes* No

Yes* Yes
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Tl ¥
FUNCTIORAL LOGIC
GENERIC FAILURE MODE(S) FAILURE INPACT CHANNEL SYSTEM CHANNEL VISUAL
PART HNAME RELAYS AYES/NO) | ON RY | FUNCTIONAL CALIBRATION FUMCTION CHECK | INSPECTION

GE HGA HGA armature binding was reported by oper- Yes None Yes Yes Ko Yes

ating BWRs. The binding can occur only
Relay Armature with surface mounted HGA relays using front
Binding. connecting terminala, and then only when

their unsymmetrical cover is installed both
{SIL No. 77} upside down and in a cocked or displaced

orientation. This problem cannot “occur

with flush mounted HGA relays. Correct

relsy ortentation and installetion will

resclive this problem.
Potter-Brumf fald P-F type KH & KHP sockets were found loose. Yes None Yes Yes No No
KH & KHP. While removing & loosely mounted socket the

comp lete socket assembly was detached caus-
Loose Sockets. ing the metal socket retainer ring to fall

back on the socket termipals. This
(SIL No. 172) resulted in a short ciremit.
Relays. Trip relays rated st 24 voits OC in some Yes None Yes Yes No o

ARY indicator trip units have fa'led with
Col! Overheating | burned opsn coils. Actus) coil operating
Problem. voltsges cen reach 34-volts DC. Operating

trip relays in an over-voltage condition
(SIL Ho. 189) resuits in excessive heating of the relay

coll that may cause It to fail,
Relays GE HFA, HGA, | Open cotl circuits in GE relays - WFA, HGA, Yes None Yes Yes No No
HKR, HMA HKA & HMA could occur in direct current

{0C) applications dues to electrolytic cor-
Electrolytic cerro- | rosion. The three significant contributing
sion of cells. factors o this fallure mechanism are:

1. High humidity environmeat excesding

0%

»’530
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—PART WAM{

GENERIC FAILURE MODE(S)
RELAYS

FUNCTIONAL
FAILURE

LTES/NO)

IMPACT

DETECTABLE BY YYPES OF SURVEILLANCE TESTS

LOGIC
SYSTEM CHANNEL
_FUNCTION CHECK

VISUAL

{SIL No. 153)

Relay

Siow response time

2. Intermittent energiring as opposed to
cont inuous relay operstion.
3. 0.C. Operation as cpposed to A.C.
operat fon.
The mechanism of electrolytic corrosion
resuits when moisture combines with halo-
gers given w %, ‘te heat stabilizing com-
round usad in the nylon bobbin of the relay
zotl. These halogens then migrate through
the insulation causing corrosion of the
copper wire. The chemica! reaction ususlly
occurs in the part of the coll windings in
proximity to the bobbin. Relays used in
circults with high duty cycle are not prone
to this fallure since the heat generated by
the continucusly - snergized coil tends teo
evaporate any excess moisture. MNylon coil
bobbins that are the csuse of this rroblem
were replaced by Lexsn coll bobbins.

The 2 CSW Pump B 4160 bresker tripped late
on instantansous overcurrent after the loss
of second air compressor, 2A & 28 chillers,
turbine bullding exhsust radiation monitor
and 2A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>