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DISCLAIMER OF RESPONSIBILITY

Important Notice Regarding Contents of 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 methods for
the system analyses for the elimination of the selected response time testing
regquirements. 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 nothing 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 toc any
unauthorized use, General Electric Company makes nc representation or
warranty, and assumes nc liability as to the completeness, accuracy, ©or
usefulness of the information contained in this document.
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NEDC-32291

This document supersedes and replaces NEDC-32013P, "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) Isolaticn System Actuation instrumentation, and (3)
Emergency Core Cocling 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.
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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 Isclation System. Because this licensing
change i.uproves plant safety and reduces plant operation and maintenance
costs, the proposed change gualifies as a Cost Beneficial Licensing
Action (CBLA) and should be reviewed by the NRC on a pricrity 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 guestions and to meore clearly demonstrate that the elimination of
selected response time tests is of nc safety significance. While the
BWROG has enhanced the approach tc justify the elimination of specific
response time testing, the FMEA results remain valid and these analyses
of instrumentation failure modes confirm with reascnable assurance that
failures which a‘fect 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
senscor response time testing has been updated toc respond to guestions
from instrument venders, 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 confiria 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 resources.

As a supplement tc the above evaluations, participants will update
test procedures and training (if reguired) to assure that the instrument
technicians recognize response time delays in instrumentation. A BWROG
survey has concluded that instrument response time delays of 5 seconds
can be reascnably detected by instrument technicians. A safety
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evaluation has confirmed that a 5 second increase in the response time
of individual specific trip functions has a very low safety
significance. The 5 second delay in response time represents a factor
of fifteen (15) increase in the specified response time of the fastest
trip function selected for elimination. This realistic bases evaluation
showed that significant 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.
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2.0 INTRODUCTION

Current 3tandard Technical Specifications reguire certain BeR
plants to pericdically perform response time tests, as defined in ISA
Standard €7.0%8, (Reference 4}, for instrument channels in the RPS,
Isclation Actuation System and ECUS. The purpose of these tests is to
ensure that changes in response time bevond acceptable limits assumed in
safety analyses are detected. It is not necessary to demcnstrate 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. Operaticnal 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
regquired or for determining the health of the instrument. The majority
of allowable instrumentaticn response times are much longer than
instrument circuites reguire for signal préocessing from sensor input to
final output signal. Additicnally, 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 of plant personnel to radiation, and §) diverting resources
from other tasks which are important to safety. Based on the above five
attributes, it has been determined that the elimination of response time
testing is a Cost Beneficial Licensing Action. A discussion of the
gafety benefits is provided in Sectien 3.0.

The proposed elimination of selected RTTs is also consistent with
the current Maintenance Rule implementation. The Maintenance Rule is
performance based and permits specific instrumentation menitoring or
calibration mechodelogy to be set by the licensee based on: 1) safety
significancc of the instrumentation; and 2) whether performance or
conditicn 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

T R I T Ty Sr—————— 2 e Ll M | AR .3
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preventable functional failures (MP'Fs), can be detected during other
periodic tests,

b
-

F | The BWR Owners®’ Group formed a Response Time Testing Committee in
late 1990. The principal cobjective of this BWROG program was to
eliminate unnecessary Technical Specification respeonse time testing
reguirements that could potentially degrade plant safety. This
objective was accomplished by conducting failure mode analyses to show
Lo, with reasonable assurance that there 1s no failure mode which affects
response time or, when a response time failure mode exists, show it can
be detected during surveillances or cther testing before the response of
the instrument degrades beyond acceptable limits. Section 4.0 provides

R T S — T

a more detailed discussion of the analysis apprcach.

Most of the instrumentation response time testing targeted for
elimination invelves tests where the instrumentation loop response time
is a small fraction cof the total allowable system respense time
reguirement. This typically cccurs when the total allowable system
response time is egual to or greater than ten seconds. In additiosm,
selected pressure and differential pressure sensor response time testing
1 can be eliminated on the basis of work dene by EFRI [(References 1 and 3)

and supplemented by the BWR Owners' Group.

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

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

(2) All Isclation System actuaticn instrument loops (entire
] channel} except for Main Steam Isclation Valves (MSIVs).

{3) Sensors enly, for selected RPS actuation.
) {4] Sensors only, for selected MSIV closure actuation.

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 cther BWR plants participating in this study were verified
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against the analyses of the twe 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 rasponse time were further analyzed to determine
what other surveillance or cther technigues would reasonably ensure
detection of response time failure beyond acceptable limits. Sectiocn 6
prevides 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 eliminat.on 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 improvemernt in plant safety which
can be gained by the elimination of response time testing where
calibrations and other surveillances can adequately detect response time
degradation. In 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,

r
i

3.1 SAFETY BENEFITS

Sl b B - —am B mapeeae WS e s BT o mT
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Elimination of response time tests will result in significant
i improvement in plant safety by:

(1) Minimizing the Time When Safety Systems are Out of Service or
Otherwise Incapable of Responding tc a Degraded Plant
Condition. Performance of response time testing requires the
instruments being tested to be isclated 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 & 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.

s men il

{2) Reducing the Potential for Inadvertent Essential Safety

1 Function (ESF) Rctuations. A significant number of ESF

) actuztions occur due to response time activities. A high

i potential for error is present during the installation and

: removal of temporary circuit alterations reguired to realign
| plant safety systems te & configuration which will allow

i' response time testing. Therefore, elimination of unnecessary

: RTTs reduces the potential of plant transients caused by ESF
l actuations.
4
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i3) Reducing the Complexiiy 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 freguently to support a wide variety of
maintenance tasks, leading tc some increased probability of
draindown events. Although Technical Specifications contain
specific minimum reguirements for makeup capabilities whizh
must always be met, it is now widely accepted that outage
activities affect the core damage freguency (shutdown risk).
Elimirnaticn of unnecessary response time testing activities
reduces the shutdown risk due to the unavailability of safety

systems.

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

response time testing reguires 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 2.0 man-rem per outage.

{5) Allow Critical Personnel To Be Used For More Significant Tasks.
A survey performed by the BWROG showed that the elimination of
response time testing on select systems will result in a

savings cof 1500 to 2600 man-hours per outage. This estimate
does not include additional man-hours needed for support
personnel such as health physics, enginea2ring and outage
planning persconnel. 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 opportunity tc reduce dose and utilize plant
resgurces 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 man-hours 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 generaticn. This estimated savings could be conservatively
increased by a factor of two when these additional factors are

considered (i.e., $100,000/year/plant

(%)
t
w
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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 cf all safety-related equipment, per se,

is not reguired i1f, in lieu of response time testing, the
response time of the safety eguipment is verified by functional
testing, calibration checks ©r other tests, or both. This is
acceptable if it can be demonstrated that changes in response
time beyond acceptable limits are acccmpanied by changes in
performance characteristics which are detectable during routine

periedic tests."

The analysis flow process is presented in Figure 4-1, Fermi-2 and
River Bend were selected as lead plants to represent a typical BWR/4 and
a BUR/6 plant, respectively. Technical Specification response time
testing reguirements ("RIT 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 detailed listing of specific loop components was
compiled for each loop. 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), log rad
moniters (radiation); and Bailey/GMAC alarm units, summers, and square
root extractors.

Detailed failure mode evaluations were then conducted for all
instrumentaticn loop components 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 tc determine whether
other surveillance testing would identify these potential response time
degradations. As part of the failure mode evaluatiens, component
experts and vendors were contacted to assist with and verify the
analysis.

e —
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Table 4-1

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
L. _Primary Containment Isolation:
a.l Reactor Vessel Low Water Level - Level 3 3.3.2-3 < 13.0(a)
a.2 Reactor Vessel Low 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(c)

< 13.0(a)(d)
b. Drywell Pressure - High 3.3.2-3 < 13.0(a)
4. _Main Steam Line:
€.l Main Steam Line Radiation - High 3.3.2-3 < 13.0(a)(b)(d)
¢.2 Main Steam Line Pressure - Low 3.3.2-3 < 13.0(a)(d)
¢€.3 Main Steam Line Flow - ¥, gh 3.3.2-3 < 13.0(a)(d)
e. Reactor Vessel Water Level - Level 2 3.3.2-% < 13.0(a)
4. Reactor Core Isolation Cooling System Isolation:
a. RCIC Steam Line Flow - High 3.3.2-3 < 13.0(a)
b. RCIC Steam Supply Pressure - Low 3.3.2-3 < 13.0(a)
4. _High Pressure Coolant Injection System Isolation:
a. HPCI Steam Flow - High 3.3.2-3 <€ 13.0(a)
b. HPCI1 Steam Supply Pressure - Low 3.3.2-3 < 13.0(a)
$. Secondary Contaimment Isolation:
a. 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 Ventilation Exhaust Radiation - 3.3.2-3 < 13.0(a)(m)
High

Emexgency Core Cooling System (ECCS):
A.__Core Spray System:
8. Reactor Vessel Lew Water Level - Level 1 3.3.3-3 < 30.0
b. Drywel]l 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)

4. low Pressure Coolant Injection Mode of RHR System:

a. Reactor Vessel Low Water Level - Level 1 3.3.3-3 < 55.0

b. Drywell Pressure - High 3.3.3-3 £ 55.0

2. High Pressure Coolant Injection Systes:

e React r Vessel Low Water Level - Level 2 35.3.3-3 < 30.0

NOTES :

(a) Isclation 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 channel.

(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) Isolation System instrumentition response time specified for the Trip

Function actuation of each valve group shall be added to isclation time
shown in Tables 3.6.3-1 and 3.6.5.2-1 for valves in each vaive 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

RIVER BEND RTT REQUIREMENTS SELECTED FOR ANALYSES

Tech. Spec. Response Time
River Bend RTT Trip Functions Table Number (sec) (d)
Reactor Frotectirn System Response Times:
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
3 Reactor Vessel Water Level - High, 3.3.1-2 < 1.05
level 8
1. Primary Containment Isolation:
a. Reactor Vessel Water Level - Leve] 2 3.3.2-3 < 10.0(a)
b. Drywell Pressure - High 2.3.2-3 < 10.0(a)
4. Main Steam Line Isolation:
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)(e)
d. Main Steam Line Flow - High 3.3.2-3 € 0.5(b)/
<€ 10.0(a)(c)
3. Secondary Containment Isolation:
a. Reactor Vessel Water level - Level 2 3.3,2-3 < 10.0(2)
b. Drywell Pressure - High 3.3.2-3 < 10.0(a)
4. _Eeactor Water Clesnup System Isolation:
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. RBeactor Core Isolstion Cooling System Isolation:
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 Water 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 Core Cooling System (ECCS):

1. Low Pressure Core Spray System (LPCS) 3.3.3-3 < 37.0

2. Low Pressure Coclant 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

NOTES :

(a) 1Isolation System instrumentation response time specified includes the
diesel generator starting and sequence loading delays.

(b) 1solation System instrumentation response time for MSIVs only. No
diesel generator delays assumed.

(c) 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.

(£)

Time delay of 3-13 seconds.
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Figure 4-1. Response Time Testing Elimination Analysis Flow Process (Sh.2)
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DESCRIPTION AND LISTING OF SELECTED RESPONSE TIME TESTS TO BE
ELIMINATED

5.1 INTRODUCTION

$ This section provides overall background information concerning the
current response time test (RTT) It provides insights

| into the basis for selecting certain RTT requirements for elimination

Analyses have
determined that a small increase in instrumentation response will not

regquirements.
and identifies the margins available in affected systems.
_ adversely affect system safety functions. A small increase in response
i time on the crder of 5 seconds can be reasonably detected during
periodic surveillance tests.
5.2 SYSTEMS REQUIRING RESPONSE TIME TESTING
The response time testing (RTT) Technical Specification tables for

The two BWR
product lines (BWR 4c and BWR €s) have been grouped separately.

the participating plants are provided in Appendix B.
These
tables reveal that the RTT Technical Specification reguirements fall

(1} Reactor Protection System (RPS), (2) Isolation
Actuation Instrumentation, and (3) Emergency Core Cooling system (ECCS).

into three systems:

5.3 RESPONSE TIME TESTS SELECTION FOR ELIMINATION

The RTT reguirements for Isclation Actuation and ECCS
instrumentation, are proposed to be eliminated for the entire
instrumentatien locps. For RPS and MSIV Actuation instrumentation,
justification is provided for only the senscr in the loop based on the
EPRI report for sensor RTT elimination (Reference 1). The response
times for the Isclation Actuation and ECCS instrumentatiocn are a small
fraction of the total system response time requirements {Isolation
Actuaticn 10 to 13 sec., and ECCS 27 te 64 sec.). Instrumentation
compeonents that may experience response time degradation 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 centinue to

meet the overall system reguirements. JTf the response time should

: degrade to as much as 5 seconds, this degradation would with reasonable
' assurance be detected during periodic surveillance tests (functional

! tests, calibrations, and channel checks).

[ 5+1
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Conversely, in RPS and MSIV actuation instrumentation loops the
overall Technical Specification response time reguirements are much
shorter (0.323 to 2.0 sec.). For the same component, the response time
degradation before failure can be significant in relation to the overall
system response time reguicement. 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 serscr response times beyond acceptable limits can be detected
during calibrations or other surveillance tests. The BWR Owners' Group
decided to use these anzlyses as 2 basis for elimination of selected
sensor RTTs but not to extend the analyses to the remaining
irstrumentation components (trip units, relays, etc.) for RPS and MSIV
Actuation loops. Therefore, only the selected sensor RTTs are proposed
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) Isolaticn Actuation Instrumentation, and
{3) ECCS. The following is a discussion of the individual trip
functions where RTTs are proposed to be aliminated. The discussion
includes an assessment of the effect of a 5 second delav in
instrumentation response time beyond the normally acceptable Technical
Specification response time value (see Appendix J for detailed
discussion). This assessment provides added assurance that there is
sufficient time within existing safety margins for an IsC technician to
reascnably det=sct a failure cr degradation in the instrumentation
response time. The £ second delay was chosen based on a survey of I&C
technicians from participating BWR plants.

5.3.1 Reacteor Protection System

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

. Reactor Vessel Steam Dome Pressure - High
. Reacter Vessel Water level - Low, Level 3

. Reactor Vessel Water Level - High, Level B
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The typical instrumentaticon response time reguirements for these
RPS trip functions range from 0.33 to 1.05 seconds. These RPS circuits
hav more restrictive response time reguirements than the l.ulation
Actuatien System and ECCS. Therefore, for the RFS, only the senso:s
analyzed by EPRI were considered for response time testing elimination
(Reference 1).

A 5 second delay in the sensors for the above RPS trip functions
was determined to have no significant impa:t on plant safety. For the
level 3 sensors, a slight delay in the scram actuation would not affect
plant thermsl limits or fuel integrity and the core cooling function. A
delay in the Level & scram sensors would cause a slight increase in
reactor water level but would not resul® in cold water intrusion inteo
the main steam lines. A delay in the reactor high steam dome pressure
sensors would not affect the integrity of the reattor vessel or core
thermal limits. A detailued discussion of the effact of & Jdelay in these
RPS trip functions is provided in Appendix J.

5.3.2 1Isclation Actuation Instrumentation

The Isclaticn Actuation System instrumentation response time
requirements given in typical plant specifications are in the ranges of
< 10 sec. to < 12 sec. (MSIV actuation instrumentation response time
requirements are typically between < 0.5 to < 2.0 sec.). The actual
instrumentation circuits typically operate in a fraction of a second.

The following Isclation Actuation instrumentatien Technical
Specificaticn response time regquiremernts were considered for
elimination:

Main Steam Isclation Valve (MSIV) Closure
. Reactor Water Llevel 1 or 2

s M5L Radiation High

. MSL Low Fressure

Remaining Isolation Actuation

. Reactor Core Isclatiocn Cooling (RIIC) System
. High Pressure Coclant Injection {HPCI) System
¢ High Pressure Coclant Spray (HPCS) System

. Reactor Water Cleanup (RWCU! System

=3
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. 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
reguirements (< 10 sec. to < 13 sec.) are not critical for the majority
of the isclation circuits. This is consistent with the recommendations
of Generic Letter 93-05 (Reference 5) and NUREG-1366 (Reference 6)
relating to the deletion of response time testing where the required

A A

time corresponds to the diesel start time. The main steam isclation
valves (0.5 sec. to 2.0 sec.) are an exception. Hence, elimination cf
response time testing for the MSIV actuation circuits covers only the
sensors.

A 5 second delay in the sensors that initiate MSIV closure (Reactor
Water Level 1 or 2, Main Steam Line (MSL) Radiation High and MSL Low
Pressure) will not significantly affect plant safety. The only purpose
of the MBIV clesure for low reactor water level events is to limit the
potential increase in the offsite dese. No fuel damage would occur even
if there is a slight delay (S5 seconds) in the MSIV closure under these
conditions.

The MSIV closure on high radiation level is reguired when fuel
failure has occurred. The increase in radiocactivity will not rccur in
the first several minutes of rthe event and will be contained in the
steam lines.

P R —

MSIV closure on low MSL pressure is provided to protect the reactor
system during normal power generation against transients that could

cause uncontrolled der ., “zation. A $5 second delay in this sensor
trip would not affec 2. integrity or plant safety since the reactor
vessel is designed t :0+ modate even more rapid depressurizations than

for this event.

A § 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 fraction of the regquired 10 to 13 seconds actuation time
assumed in the safety analysis.

TSRS s ST
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A more detailed discussion of the isoclation actuation
instrumentation delays is provided in Appendix J.

5.3.3 Emergency Core Cocling System (ECCS)

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

¢ Low Pressure Core Spray (27 to 43 sec.)
3 Low Pressure Coolant Injection (37 to 64 sec.)
. High Pressure Core Injection/Spray (27 to 35 sec.)

Unlike the isolation system; for ECCS the diesel generator,
emergency cooling pumps, and the injection valves response times are in
series with the instrumentation respcnse 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 reguirements are not eliminated. The
instrumentation response time requirements are a very small fraction of
the total ECCS actuation times.

A 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 instrument.tion is provided in Appendix J.

g—"
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Table 5-1

BWR_INSTRUMENTATION RESPONSE TIME TEST REQUIREMENTS

Reactor Protection System

Isclation Actuation Instrumentation

MSIV Closure - 0.5 to 2.0 sec.
Remaining - 10 to 13 sec.

ECCS Actuaticn Inatzumtngation

ﬁ; ‘ LPCS - 27 to 43 sec.

X LPCI - 37 to €4 sec.
P HPCI/HPCS - 27 to 3% sec.
pt

[
s
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6.0 ROUTINE PERIODIC TESTS USED TO DETECT CHANGES IN INSTRUMENT
RESPONSE

BWROG Analysis has determined that changes in instrument response
are detectable prior to the response degradation beyond acceptable
limite without the performance of conventional response time testing.
Therefore, no additional testing or surveiliance tests are reguired.
This section discusses the current testing being performed, the
frequency at whirh 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 Specificaticn definitions and the relative
advantages of each method appears in Appendix B to this report. 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 perfor.ance 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 freguent surveillance intervals (18
monthe, quarterly or monthly, and once/shift respectively) than RTTs.

Response time degradation beyond acceptable limits is readily
detectable by I&C technicians when performing calibrations and
functional tests based on the following:

(1) By inputting & standard value over the operating range, the
technician can cbserve any abnormal changes in
calibration/functional span and operational range of the
instrumentation.

(2) By observing the expected output when an input signal is
injecter, the technician can determine that the
instrumentation is responding properly.

{3) By vhecking calibration/functional points between zerc and
100% of span,

Tl BNNTEssL Y e
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(a) the technician ensures that the instrumentation responds
instantaneously with the injection of a test signal and,

(k) the technician ensures the instrumentation performs in
accordance with the instruments design characteristics
{i.e., linear or logarithmic).

(4) By observing the response from a trip signal initiated during
a functional test, the technician is able to detect & response
time delay in the actuation of an alarm, light, or relay
contact status.

An evaluation of the affected components that exhibit degraded
response time during calibrations and functional tests is performed
before it is returned to service.

The BWROG has surveyed instrumentation departments at participating
plante and selected PWR plants and hFLas determined that a technician can
typically gualitatively detect an instrument with a sluggish response
prior to the time the response time reaches 5 seconds. To assure that a
degradation in response of this magnitude will not affect the margin of
safety of affected systems, a realistic bases safety evaluation was made
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 consegquences 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 functicnal tests.

In addition to testing currently being performed tc satisfy
Technical Specification reguirements, 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 technigue has been used in the past to
detect degradation of Rosemount transmitters due to a loss of
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Tk 7.0 ANALYSES RESULTS

; This section summarizes the results of the two lead plant-specific

i analyses and the application of these analyses to other BWR plants

" participating in this study. These results include plant-specific
analyses of all applicable trip functicns identified in their respective
Technical Specifications.

7.1 LEAD PLANT RTT INSTRUMENTATION LOOP COMPONENT IDENTIFICATION

A comprehensive instrumentation loop component identification wau

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 ©f each component, its corresponding function and
model /Master Parts List (MPL) or Plant ldentification System (PIS)
number. The plant drawing numbers and their latest revisions used in the
analyses were compiled. Loop devices not covered by lead plant analyses
were also addressed. Annunciators, seal-in circuits, recorder pens,
alarms etc. that are not reguired for response time testing were
excluded from this evaluation.

' A comprehensive listing of locp components for both Fermi~2 and
River Bend plants are contained in Appendices C.1 and C.2, respectively.

, Tl 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 le.g., radiation detectors,
logic cards) are exempt from response time testing per Technical

? Specifications. The response time components were categorized into the

f following generic component groups:

* Trip Units

. Relays

* Time Delay Relays

. Signal Conditioning Devices (Summer, Sguare Root Extractor,
ete.)

* Radiation Devices (NUMAC, Auxiliary Trip Unit etec.)

» Transmitters/Switches
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. Loecp Devices (Capacitors for filtering, Alarm Units, power
supplies, optical isoclators)

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 periormed for each vendor model
of the above components.

1.3 COMPCNENT FAILURE MODES ANALYSES

This section summarizes the resulits 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, cperating 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 major
suppliers, such as General Electrit and Westinghouse, have concurred
with respect to the acceptability of eliminating conventional response
time testing. Additionally, EPRI working closely with various senscr
vendors has developed justification for elimination of sensor response
time testing. Several of these venders provided formal comments on the
EPRI report (Reference 1) and none of these vendors expressed concern
with respect te¢ eliminaticn of RTT.

It is difficult for instrument vendors to state a definitive
position on RTT since they do not have a thorough knowledge of the
reguirements for RTT or how this testing is performed at the various
plant sites. Because this may extend their liability, vendors are
reluctant to formally document their concurrence with respect to the
elimination of RTT. However, Resemornt has commented on the ability of
instrument technicians tc detect degradation in instrument response time
during normal surveillance tests. Rosemount has s+tated that ™...
degradation of unit response time an the range of 5 seconds should be
recegnizable to instrument technicians during normal surveillance
testing" (reference 14). A more detailed discussion of the analysis
results is provided in Appendix K.
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Trip Units

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

(1) Ne 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 derected by loss of DC performance and
misoperation during functional tests,

Relays

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 functicnal testing, inspectiocn
or cbservations of abnormalities during routine operation before the
response time exceeds reguired operaticnal limits (2 10 seconds).

Time Delay Relays

Time delay relays reguire calibration for response verification
and to assure setpoint accuracy. The time delay relays are alsc 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 Log Rod
Monitor would be in the microsecond range and therefore would not
significantly affect the required response time. For the Log Radiation
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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 testing for this device
was not recommended.

Transmitter/Switches

Transmitters and switches tan be eliminated from response time testing
based on analyses performed by EFRI (Reference 1) and additional BWROG
Analyses for sensors not included in the EPRI analysis.

] (1) Transmitters/Switches Included in EPRI Analysis

Only two faillure modes and twe manufacturing/handling defects were
identified in Reference 1 as affecting response time without
concurrently affecting senscr output. These failure modes and
defects apply only to sensors utilizing a fill fluid to transfer
the prcocess pressure to the sensing elemernt. Rosemount sensors age
the only senscrs 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 tc the slow loss of fill-oil,
Drift Analysis 1s the preferred method to detect the change in
instrument performance. Other diagnostic technigques such as
sluggish response and process neise analysis may be used to
supplement Drift Analysis. When enough fluid {Reference 10-13) is
lost to cause a significant re.ponse 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 reguired setting at the
time of installation and after major maintenance.

The two manufacturing and handling defects are low sensor f£ill
fluid during manufacturing and crimped £ill 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 ¢an be
detected during pre-installation calibration.

'
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(2) Transmitters/Switches Not Included in EPRI Analysis

Two switch models used in BWE 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 1s not affected or the degradation in response time beyond
acceptable limits would be detected by other surveillance tests.

7.4 FAILURE EXPERIENCE REVIEW

A review of industry failure experience provides valuable insight
to potential failure modes. The sources of this database search
affecting instrumentatiocn response times include:

¢ EPRI

¢*GE SIls (Service Informaticn 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 alsc identified the failure mode, is shown in
Appendices D and E. Appendix D provides the results from a review of
generic BWR experience. Apperdix E provides the results of experience as
reported in plant surveys.

FAILURE EXPERIENCE DATABASE SUMMARY:

» End-of-life component failures iapproximately 15%, % of 70
évents)

=3
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. Material property defects, which have been improved over the
years by using better materials (approximately 208, 16 of 70
events) .

» Improper installations cor not properly fellowing procedures
(approximately 15%, 10 of 70 events).

. Me..y manufacturers® defects, inadeguate 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 locst when response time is affected.

' Failures affecting response time could have been identified by
cther tests and/or technigues.

L There are relatively few response time unigue failures.
IS APPLICATION OF RESULTS TO OTHER PLANTS

The two lead plants analyses, (Fermi-2 representing BWR4s and River
Bend representing BWR6s), 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 cocvered by the lead plant analyses
were analyzed separately. Most of these components are in the RPS,
radiation isclation instrumentation area and Reactor Water Cleanup
(RWCU} Systems. Some of the components, such a&s 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 Appendixz G. As 2 first step, all RTT
components were grouped and lisited for each plant. Appendix G alsoc
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= dentifies the type of component and whether it is a unique RPS or

{' radiation component. This classification was necessary for reasons

I detailed in Section 5 (i.e., only the RPS sensor is exempt from response
p time testing even though other components within that channel may alsc

3 _ qualify for exemption). Radiation channels also employ unigue

h components, and the failure modes evaluation for the radiation channels
F”' with Log Rad Monitors (Z3BX6€0 Series) revealed failures that do not

F allow elimination of response time testing. Similarly, time delay reliys
) will reguire calibration to assure setpoint accuracy.

The lead plants analyses were supplemented by individual component
failure mode analysis, failure experience reviews, and identification of
other tests and/cr techniguas that can detect response time failure
modes. The application of lead plant results, along with additional
supporting analyses representing the unigue components, justifies the
elimination of plant specific RTT reguirements identified and documented
i in Appendix H.

L Amee il Y
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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 regquirements are maintained.
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§ Table 7-1

VENDOR MODELS FOR COMPONENT GROUPS

4 fa) Trip Units
Rosemount 510DV

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

t! Relays

GE HFA

GE HMA

GE HGA

Bourns

Agastat GP/EGP Family
ASEA RXMHZ

GE SATE004

GE Type CR105

GE Type CR205

GE Type CR305

GE Type CR120A

Petter Brumfield MOR
Potter Brumfield MDR
Potter Brumfield KH4690

L I I I S T L U D U U

(¢c) Time Delay Relays (Require Calibration)

Agastat TR/ETR

GE Type CR2820
Eagle Signal HPS
Agastat TO00D/E7000

(d) Flow Devices (Bailey/GEMAC Modules)

752 Summer
| * 760 Square Root Extractor

7-8
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Table 7-1

VENDOR MODELS FOR COMFONENT GROUPS
{Continued)

le; Radiation Devices

Radiation Detector
- Sensor/Converter 194X%27 (Exempt from RTT)
- Gamma Ieon Chamber 237X731 (Exempt from RTT)

Trip Auxiliary Unit (23B¥€%7 Series)
Indicator Trip Unit (129B2B02 Series)
NUMAC Log Rad Menitor (304A3700 Series)
Log Radiation Monitor (238X660 Series)
{(Not Eliminated from RTT)

[f) BWR Pressure Sensors Included in the EPRI Analysis

{(g) Sensors

Barten 293 and 28% Differential Pressure Indicating
Switches

Barton 763 Gauge Electronic Pressure Transmitter

Barton 764 Differential Pressure Electronic Transmitter
Rosemount Differential Pressure Transmitter Models 1151,
1152

Rosemount Differential Pressure Transmitter Models 1153,
1154

Rogemount Pressure Transmitter Models 1151, 1152
Rosemount Pressure Transmitter Models 1153, 1154

SOR Differential Pressure Switch

SOR Pressure Switch

Included in BWROG Analysis

{h) External

Barten 760
Barksdale TCS622-3
Barksdale BIT-M12S8S5-GE

Devices

R adh e o' denaan i L o L

560 Alarm Unit

745 Rlarm Unit

Rosemount/GE Trip Unit Noise Sugpression
Filter Capacitors

* Cornell Dublier WBR Z2000-50

- Sprague 500D-35
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8.0 CONCLUSIONS

The BWR Owners' Group has determined selected response time tests
¥ required by Technical Specifications can be eliminated as a Cost

(2)

N e A e ——

Beneficial Licensing Action based on improved plant safety and reduced
plant cperation and maintenance costs. The following is a summary of
the general conclusions that support the BWROG proposed changes as a
Cost Beneficial lLicensing Action:

{1} Response time test elimination provides an improvement to plant

safety and operation by:

Reducing the time safety systems are unavailable

Reducing safety system actuations

Reducing shutdown risk

limiting radiation exposure to plant perscnnel

Eliminating the diversion of key personnel to conduct
unnecessary testing

Plant operating history and experience clearly show that

response times are maintained with the current practices,

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

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

Instrument response time delays on the order of & seconds
can be reasonably detected by instrument technicians.
Test procedures and training will be revised (if
necessary) as part of RTT elimination to provide
additional assurance that the instrument technician
recognizes'response time delays in instrumentation.
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{4) Individual instrument channel response time delays for specific
trip functions and components (on the order of milliseconds)
are a4 small fraction of response times assumed in safety
analyses. Analyses of design basis events indicate that a £
second delay in the fastest required response times in selected
RPS and #SIV closure signals (0.33 to 2.0 seconds) would have
no significant safety impact. This 5 second time delay would
with reasonable assurance be detected by an instrument
technician,

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

(1) The response time components can be categorized into 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) leop
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 reguire calibrations to assure

setpoint accuracy.

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

® EPRT Report NP-7243 {Reference 1) identified cases where
response time tests did not detect the slow leoss of fill-
©i1l. However, Drift Analysis and other technigues are
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available to detect the resulting change in instrument
performance.

® Loss of fill cil in Rosemount transmitters is the subject
of NRC Bulletin 80-01 and the asscciated supplement
(Reference 7) as well as Rosemount Technical Bulletins 1
through 4 (References 10-13). Perfcrmance of response
time testing is not the preferred method tc detect loss of
fill oil. Licensee actions to address this failure mode
have been taken pursuant to NRC Bulletin 50-01 and the
associated supplement.

Components suth 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 .

RTTs of instrumentation loops for the following trip functions
in the Isplation Actuation System instrumentation and BECCS
instrumentation can be eliminated based on other Technical
Specification surveillance of the instrumentaticn loops and/or
other techniques as reguired:

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

RTTs of sensors for the following trip functiens in the RPS and
MSIV isolation surveillance reguirements can be eliminated
based on other reguired Technical Specification surveillance
tests:

- Reactor Water Level 3 (RPE)

- Reactor Water Level B (RPS)

e Reactor High Steam lDome Pressure (RPE)

- Reacter Water level 1 (MSIV Closure)

- Main Steam Line Radiation - High (MSIV Clasure)
col Main Steam Line Pressure - Low (MSIV Clesure)

- Main Steam Line Flow ~ High [(MSIV Closure)
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APPENDIX A
PARTICIPATING UTILITIES/PLANTS
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LIST OF UTILITIES/PLANTS PARTICIPATING IN THIS EVALUATION

UTILITY NAME

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

Entergy Operations Inc.

Gecrgia 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

Washington Public Power Supply System

PLANT NAME
Brunswick 1&2
Perry
LasSalle 142
Fermi 2
Grand Gulf
Hatch 2
River Bend
Clinton
Nine Mile Point 2
Susgquehanna 1&2
Limerick 1&2
Hope Creek

WNP 2

A-1/A-2
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t APPENDIX B

R WL (I P ¥ N -

b DESCRIPTIONS OF TECHNICAL SPECIFICATION SURVEILLANCE TESTING
AND QTHER TECHENIQUES

This Appendix provides descriptions of Technical Specification
surveillance testing and includes the response time Technical Specifica-

tion reguirements selected for elimination fer the participating BWRs. ]

The BWR 4/5 plant Technical Specification reguirement tables have been
; separated from the BWR & tables. The response time testing Technical
Specification reguirements have been categerized separately for RPS,

Isolatiorn Actuation instrumentation and ECCS.
B.1 Channel Calibration

B.1.1 Standard Technical Specification Definition

A CHANNEL CsZ IBRATION shall be the adjustment, as necessary, of
the channel output such that it responds with pecessary range and
aceuracy to known values of the parameter which the channel monitors.
The CHANNEL CALINRATION 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 segquential, 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
menths, although calibrations may be performed more or less freguently
in some applications/plants. Channel calibrations contain more
instruments/devices than those required for Technical Specification
operability and normally will contain all instruments/devices in the
loop. Engineering design calculations are the source of input wvalues,

» as found {leave alone) and as left tolerances, required limit wvalues and
. test egquipment accuracy. Calibrations are performed by a technician
removing the instrument from service and applying a known input. Output
is compared to the input at several (typically 9) points over the
instrument's range. Degradation in instrument response can be easily

| detected during calibration.

o>
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i B.2 Channel Checks .
B.2.1 Standard Technical Specification Definition

A CHANNEL CHECK shall be the gualitative assessment of channel
behavior during operation by cobservation. The determination shall
include, where possible, comparisons of channel indication and/or status
with cther indications and/or status derived from independent instrument
channels measuring the same parameter.

B.2.2 standard Channel Check Description

Channel checks are routinely ¢onducted once per shift or daily.
Channel checks are gqualitative assessments of channel behavior during
operation by cbservation and comparison of the channel indications
and/cxr 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 it the instrument being

! checked is acceptable or unacceptable based on plant conditions,
instrument behavi~sr and/or past experience.

B.3 Channel Functional Test
B.3.1 Standard Technical Specification Definition
A CHANNEL FUNCTIONAL TEST shall include:
* Analog Channels - the injention of simulated signal intc the
channel as close to the primary sensor as practicable to verify

OPERABILITY including alarm and/or trip functions and channel
failure trips.

¢ Bistable Channels - the injection of & simulated signal into
the channel sensor to verify OFERABILITY including alarm and/or
trip functions.
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The Channel Functional Test may be performed by any series of
sequential, overlapping or total channel steps such that the entire
channel i1s tested.

e B

| B.3.2 Standard Channel Functicnal Test Description

Channel functional tests are normally performed cnce 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
These are gualitative

necessarily setpoints.

trip unit input in lieu of testing the sensor,
tests which test instrument function but not
A functional test will test as much of the

channel as possible without interfering unacceptably with the normal
plant operations. This test reguires testing from as close to the
sensor/transmitter as practicable to thes point where a channel loses its

identity. 1In order to verify proper contact ocperation (whenever
possible), functional tests will take credit for installed plant
equipmen® such as lights, alarms, etc. Where a direct indication of
contact operation is not available, a voltage test is performed. For
circults which de-energize to actuate logic or contacts OPEN to trip, a
visual verification of contact operatiocn may be performed in lieu of a
voltage check where the gap between contacts is readily observable.

B.4 Logic System Functicnal Test
B.4.1 Standaxd Technical Specification

A LOGIC SYSTEM FUNCTIONAL TEST as defined in existing Standard
Technical Specifications is a test of all relays and contacts of a logic
circuit, from a sensor to actuated device, to ensure that components are
OFERABLE per design reguirements.

| A LOGIC SYSTEM FUNCTIONAL TEST as defined 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 circuit, from as close to the sensor as practicable up to,
but not including the actuated device, 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 ]
|
|
|
|
|
I
\
|

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 celd shutdown conditien. A logic system
functional test will test the entire loeop starting as close to the
senscr a: r--.iirable all the way to the actuating device. Unlike the
monthly/quarte:sly 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 functjons. Logic
system functicnal 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 freguency.

BE.5 Response Time Test

B.5.1 Standard Technical Spec’fication

The REACTOR PROTECTION SYSTEM (ISCLATION SYSTEM, ECCS) RESPONSE
TIME of each trip functicon shall be demonstrated to be within its limit
at least once per 18 months. Esch 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 cof 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 celd shutdewn conditicen. The response time may be
measured by any series of seguential, overlapping or total. steps such
that the entire response time is measured. The response time test
requirements in BWR Technical Specifications for the Isolatien
Actuation, RPS, and ECCS are provided in Table B~1 for the participating
plants.

Extensive review of the participating plant procedures reveals
that the maiority of the plant response time testing is "roken down inte

R iy~ et




NEDO-32281

three testing phases (Table B-2). The response time testing phases are
defined as follows:

FPhase I
e The sensor response time test is the most coumplex, resource
| intensive and exposure dependent part of response time testing.

. Phase II

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

b Phase 111
This phase tests the remainder of the relay logic up to the
actuating device, but not including the actuating device.

; Phase IV

' Clinten, which is a sclid-state plant, employs four testing
phases. The testing phases are set up differently for Clinten
such that Phase 11l 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 functicn response time
Technical Specification requirements, most plants implement administra-
tive limits for each corresponding test phase. The administrative
limits are more conservative and are summed to shew that the overall
Technical Specification reguirements are met.

The senscr response times range from as fast as 10 milliseconds to
as slow as 530 milliseconds. The response reguirement varies, depending
on the type of sensor. Tzip units, on the other hand, operate in the 2
millisecond range or instantaneous. The desigr response times for
relays range from 15 teo 85 milliseconds.

A sample of measured Fermi-Z response time testing results broken
down by phase 1s provided in Table B-3. It can be concluded from these
measurements that the instrumentation is a very small part of the
F overall requirement. The instrumentation tends to operate in the
] millisecond range as opposed to pumps, valves and the overall system
1
N requirement.
I
'

3
I
y
f
]
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS

ISOLATION ACTUATION (BWR6 PLANTS)

FONCTION

ERINARY CONTAJWNENT
Rx VATER LEVEL

LEVEL §

LEVEL 2, EXCEPT WSive

LEVEL 1, EXCEPY MSIVs
DAYWVELL PRESSURE - WIGK
SCTS EXM. RAD, WIGH
PLANT EXN PLEMUN RAD WIGH
MAIN STEAN LINE RAD. NIGM
COMT. & DRYWELL VENT EXN. RAD NIGH
MAIE STEAM LINE

RADIATION NIGH

PRESSURE LOM

FLOW RICW

LEVEL 1

LEVEL 2
MSL TUNNEL TEWP NIGH

N/A = Not Appliceble

L L
§1E, PLL. GRAMD GULF PERRY
<13 <10 A
10 LL)
<13 <10 LL]
13
10 <10
S/ 710 /10
/10 /10 /10
0.%/10 =0.5/10 0.5/10
/%0 /% /10

10

RATAL
v/
=0.3/10
/10

la L

ia
-

1622€~-0Q3N
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS

ISOLATION ACTUATION (BWR6 PLANTS)

{Continued)

nes
alus.—_-—\< < LICAR AN AN LT

SECONDARY COMTA{WNENT

Rx BUILDING EXN. RAD. NIGK

DAVMELL PRESSURE NiGH 3 0

Rx LEVEL 2 13 0

fx LEVEL 3

REFUEL FLOOR EXN. RAD. WIGH

FUEL WANDLING AREA EXN RAD WIGH o )

RAILROAD ACCESS SMAFTY EXN RAD WiGH

FUEL POOL VENT EXN, RAD. WIGH <3
REACTOR WATER CLEAM® STYSTEN

DELTA FLOMW wiGH 3 L)

AREA TEWP WIGH L1 L]

AREA VENT, TEWP DELTA TENP WICK A we

Rx LEVEL 2 =3 0
MLl SYSIEN

WPCI STEAN LINE FLOW WICH L L]

WOC! STEAN SUPPLY PPRUSRURE LOMW A w4

DRYMELL PRESSURE Wilm RA L

0

0

<19

<10

T622e-00aN



Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS

ISOLATION ACTUATION (BWR6 PLANTS)

{Continued)

ROIC 3TSTEN
RCIC STEAN LINE FLOW WIGH

RCIC STEAM SUPPLY PRESSURE LOM
DRTVELL PRESSURE NiGH

B SMUTDOMN COOLING/NEAD SPRAY
M LEVEL 3
®x LEVEL 1
DRTUELL PRESTURE WIGH

«0

16228 ~00aN



Table R-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
{(Continued)

ISOLATIO! (UATION (BWR4 AND 5 PLANTS)
R LA SALLE SUSTUE RAMNA
— IO SID.PAL. BRUMSWICK PERMI 2  _WNP 2 MATCN 2 MOPE CREEK 182 LIMERICK iR,
PRINARY COMTA|NWENT
R WATER LEVEL
LEVEL 3 13 3 <13 Ll 10
LEVEL 2, ENCEPT WSlIve <13 a3 <y <13 " «13 <3 <10
LEVEL 1, EXCEPT WSiva «13 «3 «3 L «3 <3 <0
DRYVELL PRESRURE - WiGN o «3 a3 3 o3 L1 =3 =3 =
SGTE EXN. RAD. WiGH <0
PLANT EXN PLENIN RAD WIGW
WAL STEAN LINE RAD. WigN =0
CONT. & DRYMELL VENT EXN. RAD WiGR <10
MAIN STEAR LiNE
RADIATION RIGH =1/13 3 «3 3 Rl <1 /13 AT 1716
PRESRURE LOM /13 213 «3 3 3 < 2/13 /13 10
FLOW NicH 0.5/13 «3 0.5/ o 0.5/1% @.%/13 «0.5/13 0.3/10
LEVEL 1 A = /13 %A L] 0
LEVEL 2 «13 A
WEL TUNNEL TENP NIGH =13 ur 13 ua u

T622¢~-0CEAN
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
(Continued)

ISOLATION ACTUATION (BWR4 AND S5 PLANTS)

SECONDAKY COVTAINNENT
Rx BUILDING EXN. RAD. NIGH

DEMVELL PRESSURE WICK
ox LEWEL 2
fx LEVEL 3
REFUEL 7LOOR EXN. RAD. WiGw
FUEL NANDLING AREA EXN RAD WIGW
RATLROAD ACCESS SMAFT EXN BAD HiGH
FUEL PODL VENT ENN. RAD. WiGH
REACTOR WATER CLEAM® SYSTEN
DELTA FLOW MIGH
AREA TEW® NIGH
AREA VENT, TEWMP DELTA TEMP HIGH
Bz LEVEL 2
SPCLSYSTEM
WPCT STEAM LINE FLOM WIGH
NPCT RTEAN SUPPLY PRESSURE LOW
DRYVELL PRESSUME NIGH

«3
13

«13

®

"

1622e~-0QaN
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|BCIC_SYSTEN

RCIC STEAN LINE PLONM NIGH

RCIC SYEAR |PPLY PRESSINE (0W

DEVVELL PRESTME wigw

| R SWITDOMN CODL ING/NEAD §PRAY
x LFVWL %
Ex LFVWEL Y

DRYVELL PRESBUME WIGH

L 2

n : { 2 WNF
SID. PLI, BRUMSWICK FERw] 2

<13 <13 <11 i3

«1% 13 13
L]

«11 -t «1%
(T

LL)




Table B-1

RESPONSE TINE (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
(Continued)

RPS {(BWR6 PLANTS)

Z1-4

BuRG

DRI < — SID, PLY. GRAND GULF PERRY EIVER BEWD CLINTON
APRN (1)

FLOW REF. SIMULATED «0.09 <0.09 <0.09 <0.09 <0.09

THERMAL POMER-UPSCALE

TINED WEUTROM FLUX - UPSCALE <0.09 =0.09 =0.09 <0.09 <0.09
Rx DOME PRESSURE - WIGH <0.35 0.35% <0.35 <0.35 «0.33
Rx WATER LEVEL 3 <0.30 .05 £1.05 .05 <1.03
Rx WATER LEVEL 8 <0.30 <1.08 .05 .05 <1.03
MS1V - CLOSURE «0.06 0.06 <0.06 <0.09 0.04
TURBINE STOP VALVE CLOSURE .06 <0.10 <0.08 .06 <0.04
TURBINE CONTROL VALVE FAST <0.07 <0.10 <0.07 <0.07 <0.0%

CLOSURE (TRIP OIL PRESSURE LOM) (2)

(1) NEUTRON DETECTORS ARE EXEMPY FROM RTT. RESPONSE TIME TO BE MEASURED FROM DETECTOR OUTPUT OR FROM THE
INPUT OF FIRST ELECTROMIC CORPONENT IN THE CHANNEL

€2) TYPICALLY MEASURED FROM ACTUATION OF FAST-ACTING SOLENDID (SEE APPLICABLE YECWNICAL SPECIFICATIONS)

d€10Z2€-003N
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
{Continued)

RPS (BWR4/5 PLANTS)

(1) NEUTRON DETECTORS ARE ELIMIMATED FROM RTT. RESPONSE TIME TO BE MEASURED FROM DETECTOR OUTPUT OR FROM THE INPUT OF FIRST
ELECTRONIC TOMPONENT IN THE CHANNEL

(2) TYPICALLY MEASURED FROM ACTUATION OF FAST-ACTING SOLENOID (SEE APPLICABLE TECHNICAL SPECIFICATIONS)

A Ia |6
& ¥ 8

s 4 '8
8 8 8

BumL

e EUNCTION  SIDLPLY. BRUNSWICK  FERMI-2 NP 2 arcw  4OPE CREEK LA SALLE  LIMERICK SUSQUE HANNA
APRN (1)

FLOW BIASED SIMULATED «0.09 641 61 <0.09 <0.09 <0.09 <0.09

THERMAL POMER - RIGH

FINED NEUTRON FLUX - HIGH <0.09 «0.09 09 <0.09 <0.09 <0.09 <0.09 <0.09
Rx DOME PRESSURE - NIGH «0.55 <0.55 <0.55 <0.5% <0.5% .55 <0.5% <0.55
Rx VATER LEVEL 3 <1.0% «1.0% .05 <1.05 <1.05 «1.05 «1.05 <1.05
Rx VATER LEVEL &
MSIV - CLOSURE <0.06 <0.06 <0.06 <0.06 .06 <0.06 <0.06 <0.06
TURBINE STOP VALVE CLOSURE <0.06 <0.06 .06 <0.06 <0.06 <0.06 <0.06 <0.06
TURBINE CONTROL VALVE FAST <0.08 <0.06 0.08 <0.08 <0.08 <0.06 <0.08 <0.08
CLOSURE (TRIP OIL PRESSURE
L) (2)

162Z¢~-0qaN
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
{Continued)

ECCS (BWR4, 5 AND 6 PLANTS)

ECcs ne| . L R NATCH  SuSe 82 FERNI  WOPE GRAND RIVER SEMD LA SALLE
_SYSTEM . ST ML, STRLPAT, 2. AIMERIGKY _2 CREEK QAP GLINTOR . _ IR
wees a@r U A S0 a7 wm ar @ a7
(8.4 A0 =45 & 40 Bh «“0 <5 <40 Ha =7 %0 7
wei owes) <0 P R S & @ @ @ ar
ane L LY A ua A WA L1 L1} A WA L
ARW (L SEY 1 - - “eu ces - T e

"ﬁ'&'&;
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Table B-1

RESPONSE TIME (SEC) TEST REQUIREMENTS IN BWR TECHNICAL SPECIFICATIONS
(Continued)

END-OF-CYCLE RECIRCULATION PUMP TRIP SYSTEM (BWR4, 5 AND 6 PLANTS)

SIAMCTION RISPONSE TIME CMILLISECOMDS) GRAND QLT bA_SALLE fa Sl ALLLLY
1. TURRINE STOP VALVE - CLOSURE <190 <7 «ars
2. TURBINE CONTROL VALVE - FAST CLOSURE <198 «7 ors

1622¢-00aN
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Table B-2

RTT TESTING BROKEN DOWN BY TESTING PHASES

Ll
- * Grend Hope = River
Sruvmuick®™ | Clinton Farmi-2 | Gulf Honford | ¥etch® | Creek LaSalie Limerick | Parry®*®™* | Bend | Susquehanna+
Phese | ¥ X X X X X X X X X X X
Phase 1§ 1] ¥ ] X X X X X X X X X
Phase 111 X X X X X A X X > X X x
Phass 1V [N X A L) [Ty XA A £ A A wA A
NOTES:

Phase 1 - Sensox

Phase II - Trip Unit and MTU output relay

Phase III - Relay logic to actuating device

¢ ECCS RTT has two phases.

L Clinton has Phase III 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
tested together.

"o RPS testing is done in different combinations of Phases I and II.

Phasa III testing is rolled into these testsa.

*** Although Perry does not specify testing phases, Phases I and II are combined to provide a loop
responsa. The results from this combined testing are incorporated within select aystem performance
tests to complete the antire response time test.

# Farmi-2 has one phase for the radiation monitors.

e

Hope Creek and LaSallie perform Phase I testing, but Phames 11 and III are combinasd into a single
phass of testing.

162Z¢-0Q3N
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Table B-3

FERMI -2 RTT MEASUREMENT DATA AND RESULTS

R1T Procedurs
Sensor Phase | Phase 1§ Phese {11 Total
RIT Loops Mumhe Number Revigion {mec ) (msec) (maec) (msec)
NSL PRESS. LOM BZINOTS A 44.020.931 23 7 &1 a2 1.0
3 44.020.032 22 30 64.5 80 174.5
c &4.020.033 2 7 53 B 164.0
0 44.020.034 21 3¢ 52 o 176.0
RPS STEAM DOME K1 S2IN0TE A &4.010.009 21 150 53 e 222.0
L 44.010.010 1 150 5% 19.5 228.5
c 44.010.01% 21 62.5 56.% 29.5 148.5
0 44.010.012 21 23.4 54 8 105.4
RPS LEVEL-} B2IN08B0 A 4.0v0.021 a 25 a7 81 (NS4 ) 573.0
NS4 LEVEL-S 41 (wPS) $33.0
L] 44.0%0.022 21 400 62 7 (NS4) $34.0
26 (kPS) 88,0
c 44.010.023 21 435 55 81.6 (NSd) 571.6
32 (wrs) 522.0
0 44.010.024 21 360 61 ™ NS4y 500.0
38 (R”PS) 459.0

1622€~0Q3N



8t-€

FERMI -2 RTT MEASUREMENT DATA AND RESULTS (Continued)

Table B~-3

RTT Procedure
Swrwor Phase | Phese 11 Phase 111 Total
RTT Loops Mot imbe - Revision (mmoc ) (mwec) (mwoc) (maec)
PCY LEVEL -2 B21%081 A 44.020.011 2 130 57 2.2 ety 2%9.2
RX VTR LEVEL-Y 107.2 (RnL2) 294.2
. 4.020.012 2 n 110 8 a1 29.0
% ) .0
¢ 44.020.013 2 200 110 % (Rxl) 399.0
100 (Rei2) 410.0
) .020.014 2 220 53 ™6 (Rxi1) 351.6
85.6 (Axi2) 358.6
BRHR (3 MPCI
£ccs B21M0%4 € 44,030,307 20 00 20 " 8 = sTae
DRYVELL PRESS. NI ' 44.030.308 2 a20 7 9 80 532
6 4,030,309 20 350 19 &7 %% & 436
- 44.030.310 2 530 16 & 67 o7 s13
DRYVELL PRESS. NI CTINO50 A 44.020.015 2 152 9.5 13 3145
. 44.020.016 2 127 81 10.7 298.7
3 46.020.017 n 8 5% 155 295.90
) 4.020.018 2 100 53 105 258
RCIC FLOM WY E4INDST A 44.020.261 2 32 20 2.9 wec 2.952 sec
N 44.020.262 2 26 2 1.2 sec 3.241 wee

1622£~0Q33N



67-9

FERMI -2 RTT MEASUREMENT DATA AND RESULTS (Continued)

Table B-3

RIT Procedurse
Sensor Phese | Phase 1! FPhase 11 Totat
RIT Loops Number Nusshe Revision {mmec) fmeec) (msec) (meec)

HPC] PRESS. Low ELT1N058 A 46,020,218 21 10 " 125 154.0

& 44.020.216 21 20 22 110 152.0

c €4.020.217 ral 10 19 8 115.0

[ 44.020.218 22 12 2% 74 109.0
RCIC PRESS. Low ESTNOST A 44,020,259 22 70 21 2.325 sec 2.418 wec

® 44.020.260 21 0 20 3.07 sec 3.14 sec
L 2] ESINO58 A 44.020.25% 20 28 22 76 126.0

L] 44,020,256 21 7 21 L) 13%.0

[4 44.020.257 2 3o 20 [ 34 117.6

0 £4.020.258 21 3¢ 20 ™ 125.0
N3L FLOW W1 8218086 & 44.020.043 21 30 8¢ 113 223.0

1 44.020.044 21 24 62 n 160.0

c 44.020.045 21 30 $6 76 162.0

b 44.020.046 21 25 S0 m 152
MSL FLOW W1 B2INOAT A 44.020.043 21 20 85 113 218.0

8 &4 020 044 21 30 54 7 156.0

c 4.l 045 2 24 54 76 154.0

) 44.020.048 H3) 23 51 m” 151.0

£~-0Q3N
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Table B-3

FERMI -2 RTT MEASUREMENT DATA AND RESULTS (Continued)

ozZ-1

1622 -0Q3N

RiT Procedure
Seneor Phase | Phase 11 Phase i1 Totel
R1T Loops Humber Nusshe Revision {msec) {mmec) {maec) (mmec)
NSL FLOM Wi S2TN088 A 44,020,043 21 24 L] 13 232.0
B 44,020,044 21 27 57 n 1%6.0
c 64.020.045 2 28 63 76 167.0
] 64020048 2 30 45 n” 152.0
NSL FLOM NI B218089 A 44.020.043 21 5 100 113 238.0
L] £4.020.044 2 7 &5 n 164.0
c 44,020,045 21 2% S3 78 154.0
] 44,020,046 21 24 56 ” 157.0
AECI &8 HECL
£CCs #2091 A 44.030.25¢ 3 50 23 140 55 %5 213
LPCS ] 64.030.260 23 70 19 120 & 20 209
c 4,030,261 22 161 20 127 54 &0 302
0 4,030,262 22 135 1% 119 &8 9 273
Phase 1!
PP Rev INS Mo, NS No. BT (sec)
4.020.019 22 G1.N00GA |  DIVIK603A 0.615 Main Stesm Line Badistion
44.020.020 b4 ) 07180068 D11k6038 0.64
44.020.02% 22 D1 10060 D11xs03C 0.652
&4 .020.022 22 21180060 o1iK&0%0 0.67
64.020.109 22 01180104 D11K80%A 0.0333 Fuel Pool ventilation Exhaust Rediation
44.020.1%0 a3 Diin0108 (RIS 0.112
a4.020.11 3 D1ing10C D11KsO9C 0.
4,020,112 2 o1180%00 D11xs0% 0.123

* Limi"ing Values Corresponding to LPCI snd RER.
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NEDO-32291

APPENDIX C.1
LEAD PLANT RTT INSTRUMENTATION LOOP COMPONENTS

This Appendix details the Fermi-2 Lead Plant instrumentation loop
components, their correspending functions in the respective loops, and their
model and MPL [(Master Parts 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.

Bases and Assumptions for the RTT Instrumentation Loop Componeant
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 componente reflecting only the most pertinent
branch under consideration.

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

Seal-in circuits, annunciators, computer pointe, 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 etarting 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 peint.

c~1
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In most cases, balance-of-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 & given loop have been considered.

A list of Fermi~2 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 against the plant
drawings was conducted by the plant personnel and any modifircations
or differences were resolved.

It is assumed that the complementing channel is in such a state as
to allow the analyzed channel to perform that action. For this
reascn cone-ocut-of-two twice and two-out-of-twe logic has not been
noted in the loops.

o I e =
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RTT TRIP FUNCTION TABLE NO: 3.3.1-2 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/€ RTT REQUIREMENT (Sec) : <= 0.55

DEVICE

DESCRIPTION OF COMPONENT FUNCTICK EIS & MODEL #
Pressure Transmitter Senses excessive Dome Pressure. B21-NO78A

Rosemount 1153

Master Trip Unit Provides trip signal for RPS. B21-N678A
Rosemount 51CDU

Testability Relay Opens on Reactor High Pressure. C71-K206A
Agastat GP

RPS scram Relay De-energizes on High Dome Pressure C71A-K5A GE HFA

Trip Unit signal.

Scram Contactors De-energizes the Scram Sclenoids. C71A-K14A, E CR1O0S

Reference Drawving Numbers: -
61721-2155-16 Rev. F  61721-2155-04 Rev. K
61721-2155-08 Rev. J
61721-2155-15 Rev. H
61721-2155-06 Rev. M

c-3



RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO:
SYSTEM DESCRIPTION

TRIP FUNCTI " DESCRIPTION

NEDO-32291

3.3.1-2 Fermi-2 (1 of 1)
4.0

: Reactor Protection System Response Times
: Rx Vessel lLow Water Level - Level-3

T/8 RTT REQ. EMENT (Sec) : <= 1.05
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL # i
Level Transmitter Senses Water Level-3. B21-NOBOA
Rosemount 1153
Master Trip Unit Provides trip signal for RPS. B21-N680A |
Rosemount 510DU
Testability Relay Opens on Reactor Low Water Level-3. c71-K207A
Ag.stat GP
RPS scram Relay De-energizes on Level-3 Trip Unit C71A-K6A GE HFA
signal.
Scram Contactors De-energizes the Scram Solenocids. C71A-K14A E CR105

Reference Drawing Numbers:-

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

H
M
K

61721-2155-16 Rev. F
61721-2155-08 Rev. J




RTT TRIP FUNCTION TABLE NO: 3.3.2-3

NEDO-32291

Fermi-2 (1 of 1)

RTT TRIP FUNCTION ITEM NO: l.a.1

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

: Primary Containment Isolation

Reactor Vessel Low water Level- Level-3

T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION P1S & MODEL #
Level-3 Transmitter Senses level and provides analog B21-NO80A
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level toc de-eneregize B21-N68BOA
output Relay. Rosemount 510DU
MTU Output Relay Opens on Reactor Water Level below C71-K207A
Level-3. 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-FO1SA.

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 Solenoid wvalve
Logic.

A71B-K76
Agastat GP

Initiation Relay

Closes valves EL1-F009, E11-F022 &
RHR Shutdown Cooling & Head Spray Inbd
Isolation valves.

A71B-K29 CR120A

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 flev.

XKEXwm
oZ=+
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RTT TRIP FUNCTION TABLE RO:
RTT TRIP FUNCTIOR ITEM NO:

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :
T/8 RTT REQUIREMENT (Sec) :

RESCRIPTIUN OF COMPONENT

NEDO-32291

3.3.2-3

1.8.2

Fermi-2

(1 of 2)

: Primary Containment Isclation

Rx Vessel Low Water Level - Level-2
<= 13.0

FUSCTION

DEVICE

PIS & MODEL #

Level-2 Transmitter

Senses level and provides analog
signal to the Master Trip Unict.

B21-NOB1A
Rosemount 1153

Master Trip Unit

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

B21-N681la
Rosemount 510DU

MTU Output Relay

Opens below water lLevel-2.

C71-K208A
Agastat GP

Interfacing Relay

De-energizes to open contacts on
Low water Level-2Z.

A71B-K1A HFA

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
Isclation valve FOl4B. Agastat GP

Iniziation Relay

Actuates PCRMS valve T50-F450 and
T50-F451.

A71A-K900 CR120A

Initiation Relay Actuates valves T4B-F&55, TH8-F457, A71B-K103A
and T4B-F404. Agastat GP

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

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

Reference Drawing Nos:-

61721~
61721-
61721-
61721-
61721-

2155-22
2155-15
2095-14
2095-123
2105-14

Rev

Rev.
Rev.
Rev.
Rev.

L2 X

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

MaEZOw

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

T=ExXX
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (2 of 2)

RTT TRIP FUNCTION ITEM NO: l1.a.2

SYSTEM DESCRIPTION : Primary Containment Isolation

TRIP FUNCTION DESCRIPTION : Rx Vessel Low Water Level - Level-2

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

DEVICE
DESCRIPTION OF COMPONENT FUNCTION RIS & MODEL #
Initiation Relay Actuates B31-F019, Reactor water A71B-K77
Sample valve. Agastat GP

Initiation Relay Opens Permissive for system T49-F601 T41MO79 CR120A

& F465 Isolation valves Division-1.

Interfacing Relay Primary containment isolation. T41MO85 CR120A
Initiation Relay Actuates valves G51-F600 G51-M405A

and G51-F602 Agastat EGPD
Initiation Relay Actuates valves G51-F604 G51-M4OSB

and G51-F606 Agastat EGPD

Reference Drawing Nos:-

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

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

LS~ A il ]
HMEZO™

€1721-2155-06 Rev.
61721-2155-04 Rev.
61721-2451-04 Rev.
61721-2105-13 Rev.

TZXRX
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3
RTT TRIP FUNCTION ITEM NO: 1.a.3

Fermi-2 {1 of 1)

SYSTEM DESCRIPTION : Primary Containment Isolation

TRIP FUNCTION DESCRIPTION : Reactor Vess- i Low water Level- Level-l

T/8 RTT REQUIREMENT (Sec) : o 1.0% & <= 13 0wk

DEVICE
DESCRIPTION OF COMPONENT FUNCTION E1S & MODEL #
Level-1 Transmitter Senses level and provides analog B21-NOB1lA

signal to the MTU & STU. Rosemount 1153

Receives analog signal from MTU &  Bi1-N6B4A
trips at preset value to activate

valve closure.

Slave Trip Unit

Rosemount 510 & 710DU

C71-K260A
Agastat GP

STU Qutput Relay Opens on Reactor Water Level below

Level-1 & closes RWCU & Drain valves.

De-energizes to activate the valve A71B-K7A GE HFA

closure.

Interfacing Relay

Initiation Relay De-energizes to close Main Steam Line A71B-K56 CR120A

Drain valves B21-FOl6.

Initiation Relay De-energizes to close Main Steam A71B-K52 GE HFA

Line.

Initiation Relay De-energizes to close Main Steanm A71B-K14 GE HFA

Isolation valves.

Reference Drawing Bumbers: -

Remarks:

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

A ol

61721-2095-15 Rev.
61721-2091-01 Rev.
61721-2095-17 Rev.
$1721-2095-18 Rev.

Zonx

* Isolation system instrumentation response times for MSIVs only.
** Isclation system instrumentation response times for associated
valves except MSIVs.

c-8
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RTT TRIP FURCTION TABLE KO: 3.3.2-3 Fermi-2 (1 of 2)
RTT TRIP FUNCTION ITEM NO: 1.b
SYSTEM DESCRIPTION : Primary Containment Irfolation
TRIP FUNCTION DESCRIPTION : Drywell Pressure - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Pressure Transmitter Senses Pressure and provides analog C71-NO50A
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level to de-eneregize C71-N650A
output Relay. Rosemount 510DU
MTU Output 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
from Relay C71A-K4A.

A71B-KSA GE HFA

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-K4&42.

A71B-K59 CR120A

Interfacing Relay &

Initiating Relay

Actuates valve G11-F019, FO003
Drywell Drain Outbd Isol valve.

A71B-K42 CR120A
A71B-K&40 CR120A

Interfacing Relay

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

A71B-K37 GE HFA

Initiation Relay Actuates Recirc Pump Seal inboard A71B-K101A
isolation valve FOl4A. Agastat GP
Initiation Relay Actuates Recirc Pump Seal inboard A71B-K101B
isolation valve FO14B. 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.

RE X~
(= o
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3

RTT TRIF FUNCTIOR (TEM NO: 1.b

Fermi-2 (2 of 2)

SYSTEM DESCRIPT'ON : Primary Containment Isolation

TRIP FUNCTIOK DESCRIPTION : Drywell Pressure - High

T/8 RTT REQUIREMENT (Sec) : <= 13.0 .
DEVICE
DESCRIPTION OF COMPONENT FUNCTION E1S & MODEL #
Initiation Relay Actuates PCRMS valve T50-F&450 and A71A-K900 CR120A
T50-F451.
Initiation Relay Actuates valves T4B-F455, T4B-F457 A71B-K103A
and T48-F4a04. Agastat GP
Initiation Relay Actuates valves T4B-F601 & T48-F602. A71B-K103B
Agastat GP
Initiation Relay Actuates valve T&46-F400, A71B-K103C
Agastat GP

Opens Permissive for system T49-Fé0l
and T49-F465.

Initiation Relay

T41MO79 CR120A

p-tuates TWMS valves G51-F600,
G51-F602, G51-F604 and G51-F606.

Initiation Relay

G51-M405A, B
Agastat EGPD

Reference Drawing Numbers:-

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

AT X

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

c-10
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RTT TRIF FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: l.c.1
YSTEM DESCRIPTION : Primary Containment Isolation
TRIP FUNCTION DESCRIPTION : Main Steam Line radiation - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE

DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Gamma Ion Chamber Steam Senses Radiation level & activatas D11-NOO6A
Line Detector Scram & MSIV closure sequence. (237X, .1G001)
Logarithmic Kadiation Activates trip circuits upon signal D11-K603A
Monitor (NUMAC) from Gamma Ion Chamber. (304A3700G005)
Trip Auxiliary Unit Output Relays and Contacts to C51A-22A

activate MSIV Closure.

Interfacing Relay De-energizes to actuate the Main
Steam Isolation Valve closure.

C71A-K7A GE HFa

Interfacing Relay De-energizes to activate the Main
Steam Isolation Valves.

A71B-K44A GE HFA

Initiation Relay De-energizes to activate the Main
Steam isolation Valves.

A71B-K7A GE HFA

Initiation Relay Actuates B21-FO0l6 Main Steam Line
Drain valves.

A71B-K56 CR120A

Initiation Relay Actuates MSIV valves. A71B-K52 GE HFA

Initiation Relay Actuates MSIV valves. A71B-K1l4 GE HFA

Initiation Relay Actuates Reactor Water Sample A71B-K77
Isolation valve B31-F019, 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. O
61721-2095-33 Rev. N

XX

c-11
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RTT TRIP FUNCTION TAELE NO: 3.3.2-3

Fermi-2 (1 of 1)

RTT TRIP FUNCTION ITEM NO: 1.¢.2

SYSTEM DESCRIPTION : Primary Containment Isolation

TRIP FUNCTION DESCRIPTION : Main Steam Line Pressure - Low

T/S RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Pressure Transmitter Senses pressure in MSL and provides B21-NO76A
analog signal to the MTU. Rosemount 1151
Master Trip Unit Trips at preset value to activate B21-N676A
MSIV Closure. Rosemount 510DU
MTU Output Relay De-energizes when Steamline Pressure C71-K205A
is below setpcint. Agastat GP

Interfacing Relay

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

A71B-K4A GE HFA

Interfacing Relay

De-energizes to activate M>IVs.

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.

A71B-K14 GE HFA

Reference Drawing Numbers: -

61721-2155-16 Rev.
61721-2095-14 Rev.
61721-2095-18 Rev.
61721-2095-33 Rev.

$1721-2095-17 Rev.
61721-2095-11 Rev.
61721-2155-15 Rev,

Z22Zrm
X« o
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RTT TRIP FUNCTION TAEBLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: 1.8,3
SYSTEM DESCRIPTION : Primary Containment Isolation
TRIP FUNCTION DESCRIPTION : Main Steam Line Flow - High
T/8 RTT REQUIREMERT (Sec) : <= 13.0
DEVICE
RESCRIPTION OF COMPONEN1 FUNCTION PIS & MODEL #
Differential Iressure Senses MSL Flow (Delta-P) and B21-NOB6A, NO87A,
Transmitter provides signal to the MTU. NOBBA and ROB9A
Rosemount 1151
Master Trip Unit Trips at preset value to activate B21-N686A, N6BYA,
MSIV closure. N6BBA and N6B9A
Rosemount 510DU
MTU Output Relay De-energizes to close M° Vs & Drain C71-K201, K202a,
valve logic, Annunciato: & Computer K203A and K204A.
peint. Agastat CP
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-F0l6é Main Steam Line A71B-K56 CR120A
Drain valve. :
Initiation Relay Closes Outboard MSIV's. A71B-K52 GE HFA
Initiation Relay Closes Outboard MSIV's. A71B-K14 GE HFA

Reference Drawing Numbers:-

61721-2155-16 Rev. F 61721-2095-17 Rev. O
61721-2095-14 Rev. L 61721-2155-15 Rev. H
61721-2095-33 Rev. N 61721-2095-18 Rev. N

Remarks -
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEX NO: 2.e
SYSTEM DESCRIPTION : Reactor Water Clesnup isolation
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low water Level - Level-2
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL »
level-2 Transmitter Senses level and provides analog B21-NOBlA
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level to de-eneregize BZ1-N6BlA
output Relay. Rosemount 510DU
MTU Qutput Relay Opens on Reactor Water Level below C71A-K208A
Level-2. Agastat GP
Interfacing Relay Opens contacts on Low Level-2 for A71B-K1A GE HFA
RWCU Isolation valve.
Initiation Relay Actuates G33-F001 RWCU Iscolation A71B-K26 CR120A
valve.

Reference Drawing Numbers:-

61721-2155-22 Rev.
61721-2155-15 Rev,
61721-2095-14 Rev.
61721-2265-03 Rev.

e - R
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NEDO-32281

RTT TRIP FUNCTION TAFLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM 3O: l.a
SYSTEM DESCRIPTION : RCIC System Isolation
TRIP FUNCTION DESCRIPTION : RCIC Steamline Flow - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
BESCRIPTION OF COMPONENT FUNCTION EIS & MODEL #
Differential Pressure Senses High Steam Flow (Delta-P) and E51-NOS7A
Transmitter. provides analog signal to trip Unit. Rosemount 1151
Master Trip Unit Trips at preset Flow setpoint to E51-N657A
de-energize the output Relay. Rosemount 510DU
MTU Output Relay Closes on High Steam Flow. E51-K202A
Agastat GP
Slave Trip Unit Trips at preset High Steam Flow E51-N660A, B
value. Rosemount 510DU
Interfacing Relay Closes on High Negative differential E51-K203A
Pressure. Agastat GP
Time Delay Relay Time Delay pickup for RCIC Isoclation. ES1A-K12
Agastat TR
Initiation Relay Activates valve ES51-F008, E51A-K15 GE HFA

Reference Drawing Nos: -
61721-2235-11 Rev. J

61721-2235-02 Rev. 0O
61721-2235-01 Rev. O
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NEDO-32291

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

RTT TRIP FUNCTION ITEM NO: 3.b

SYSTEM DESCRIPTION : RCIC System Isolation

TRIP FUNCTION DESCRIPTION : RCIC Steamline Pressure - Low

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

DEVICE

BESCRIPTION OF COMPONENT FUNCTION EIS & MODEL #
Pressure Transmitter Senses Low Steamline Pressure. E51-R0O58a

Rosemount 1151

Master Trip Unic Trips at preset Flow setpoint to E51-N658A
de-energize the output Relay. Rosemount 510DU
MTU Qutput Relay Closes when Steam Pressure is below ES51-K204A
set point for vaccuum breaker, steam Agastat GP

line Outboard isolation valve.

Interfacing Relay Steamline Outbeard Isolation valve E51A-K58 GE HMA
Logic.

interfacing Relay Steamline Outboard Isclation valve ES51A-K59 CR120A
Logic.

Initiation Relay Opens valve E51-F008 E51A-K15 GE HFA

Initiation Relay Opens valve E51-F062 E51A-Ké3 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

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: b.a

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

: High pressure Coclant Injection System Isolation.
HPCI Steam Flow - High

T/S RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
BESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Differential Pressure Senses Hi differential press on Hi E41-NOS57A
Transmitter. Stm flow & provides analog signal. Rosemount 1153
External Input Capacitor Circuit Noise suppression filter E4«l-ClA CDE
rated at 2000 Micro-Farads. WBR 2000-50 MFD
Master Trip Unit Trips at preset High Steam Flow E41-N657A
value. Rosemount 510DU
Slave Trip Unit Trips at preset High steam Flow E41-N660A
value. Rosemount 510DU
Inteifacing Relay Closes on High Steam Flow. E41-K202A
Agastat GP
Interfacing Relay Closes on High Negative differential E41-K203A
Pressure. Agastat GF
Time Delay Relay Opens after a specified time delay E41A-K43
Agastat TR

Initiation Relay

Close Stm supply line Inbd Iso vaive E41A-K44 GE HFA
E41-F002, Supp Pool Inbd valve E41-F042.

Initiating Relay

Inhibits opening of Steam supply line [E41A-K36 CE HMA
Inbd Iso valve, Suppression Pool
inboard Isclation valves E41-F002 & F042.

Reference Drawing Nos: -

61721-2225-09 Rev. B 61721-2221-04 Rev. U
61721-2221-08 Rev. R 61721-2225-04 Rev. N
61721-2225-12 Rev. K 61721-2221-09 Rev. M
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO: 4.b
SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : HPCI Steam Supply Pressure - Low
T/S RTT REQUIREMENT (Sec) :

DESCRIPTION OF COMPONENT

NEDO-32281

Pressure Transmitter

Master Trip Unit

MTU OQutput Relay

3.3.2-3 Termi-2 (1 of 1)
: High pressure Coolant Injection System Isolation.
<= 13.0
DEVICE
FUNCTION P1S & MODEL #
Senses Low Pressure in the steam E41-NO58A
Line. Rosemount 1153
Trips & 2set Low Steam Pressure E4l-N658A
value. Rosemount 510DU
Closes on Low Steam Line pressure. E41-K201Aa
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-FO02 and E21-F042.

E41A-K36 GE HMA

Interfacing Relay

Permissive to energize E41A-K79

E11A-K10A GE HFA

Initiation Relay

Energizes to actuate valves
E41-F002 and E41-F042.

E41A-K&44 GE HFA

Initiation Relay

Energizes to activate valve
E41-F075.

E41A-K79 GE HMA

Reference Drawing Nos:-

61721-2225-09 Rev. B
61721-2221-08 Rev. R
61721-2225-04 Rev. N

61721-2221-04 Rev.
61721-2221-09 Rev.
61721-2225-12 Rev.
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO:

SYSTEM DESCRIFTION

TRIP FUNCTION DESCRIPTION :

NEDO-32291

3.3-2'3

Fermi-2 (1 of 1)

6.a

: Secondary Containment Isolation

Reactor Vessel low water Level- Level-2

T/8 RTT REQUIREHENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION P1S & MODEL #
Level-2 Transmitter Senses level and provides analog B21-NOB1A
signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset level to de-eneregize B21-N68lA
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-K1A 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-MO85 CR120A

containment isolation.

Initiation Relay

Actuates Secondary containment
inboard isclation valve T41-F009

T41-M11A CR120A

Initiation Relay

Actuates Secondary containment
inboard iscolation valve T41-F01l1

T41-M11B CR120A

Reference Drawing Numbers:-

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

6€1721-2095-33 Rev. N
61721-2611-08 Rev. N
61721-2611-04 Rev. 0

o sl
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NEDO-32291

RTT TRIFP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIP FUNCTION ITEM NO: 6.b
SYSTEM DESCRIPTION : Secondary Containment Isolation
TRIP FUNCTION DESCRIPTION : Drywell Pressure - High
T/8 RTT REQUIREMENT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #

Pressure Transmitter

C71-N0O50A
Rosemount 1153

Senses Pressure and prevides analog
signal to the Master Trip Unit.

Master Trip Unit

B21-N650A
Rosemount 510DU

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

MTU Output Relay

C71-K216A
Agastat GP

De-eneregizes when the Drywell
Pressure is above setpoint.

Interfacing Relay

De-energizes upon receiving signal C71A-K4p GE HFA

from Relay C71A-K216A.

Interfacing Relay

De-energizes upon receiving signal A71B-K5A GE HFA

from Relay C71A-K4A.

Interfacing Relay

De-energizes upon receiving signal A71B-K37 GE HFA

from Relay A71B-K5A.

Initiation Relay

1. Trips Reactor Building Main T41M085 CR120A

Exhaust Fan System Division-1I.

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

Initiation Relay

Actuates Secondary containment T41-M11A CR120A

isolation valves T41-F009.

Initiation Relay

Actuates Secondary containment T41-M11B CR120A

isolation valves T41-FOl1.

Reference Drawing Nos:-

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

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

e
mZ2Z20Owv

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

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 Fermi-2 (1 of 1)
RTT TRIF FUNCTION ITEM NO: ‘ 6.c
SYSTEM DESCRIPTION : Secondary Containment Isolation
TRIP FUNCTION DESCRIPTION : Fuel Pool Ventilation Exhaust Radiation High
T/8 RTT REQUIREMIYIT (Sec) : <= 13.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Sensor / Converter Senses change in Radiation Level. D11-NO10A
(194X927611)
Indicator & Trip Unit Activates trip circuits upon signal D11-K609A
from Sensor & Converter. (12€82802G11)
Trip Auxiliary Unit Contains output Relays and Contacts C iA-Z2A
for initiation Loop. 238Y 59762
Interfacing Relay De-energizes to actuate radiation T41-MO8Bev CRIZDA
trip relay.
Interfucing Relay Permissive for T41-M10A,B and T41-MO84 CR120A
A71B-K103A,B,C
Initiation Relay Actuates secondary containment valve T41-M10A,B

T41-FO09 and T41-FO11. 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. ©

Z2XO™Mm

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: 1.b

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

Fermi-2 (1 of 1)

: Core Spray System Isolation

Drywell Pressure - High

T/8 RTT REQUIREMENT (Sec) : <= 30.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION PI1S & 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, ¢
Agastat GP

Interfacing Relay

Energizes EECW Stop Valve, HPCI &
Core Spray Logic.

Interfacing Relay

Energizes on Drywell High Pressure &
Rx Low Level Logic. Activates Core
Spray valves E21-F015A & E21-F015B.

E21A-K5A CE HFA

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-FOO4A, B.

Ezu'xlnp 5
GE HFA

Time Delay Relay

Time Delay to start the Pump.

E21A-K16A CR2820TD

Initiation Relay

Starts Core Spray Pump E21-CO01A.

E21-K12A GE HFA

Initiation Relay

Starts Diesel CGenerator.

E21A-K4A, B GE HMA

Initiation Relay

Starts Diesel Generator and trips
Drywell Cooling equipment.

EZ1A-K11A, B GE HFA

Reference Drawing Nos:-

61721-2095-30 Rev, K 61721-2211-06 Rev. K
61721-2095<29 Rev. N 61721-2211-07 Rev. K
61721-2211-08 Rev. 1
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RTT TRIP FUNCTION TABLE NO: 3.3.3-3

NEDO-32291

RTT TRIP FUNCTION ITEM NO: 2.2

SYSTEM DESCRIPTION

Fermi-2 (1 of 2)

: Low Pressure Coolant Injection mode of RHR

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

T/S RTT REQUIREMENT (Sec) : <= 55.0
DEVICE

DESCRIPTION OF COMPONENT PIS & MODEL #
Level Transmitter Senses Level-1 Water Level & provides B21-N091A, B

analog signal to the MTU. Rosemount 1153
Master Trip Unit Trips at preset value tr 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 GF

Interfacing Relay

Energizes on Reactor Low Level Logic.

E21A-K74, B GE HFA

Interfacing Relay

Closes on low Level-1.

E11A-K7A, B GE HFA

Interfacing Kelay

Actuates RHR pumps.

E11A-K9A, B GE HFA

Interfacing Relay

Initiates RHR Pumps.

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

Interfacing Relay

Energizes on Hi Drywell Pressure or
Level-2.

E11A-K77A GE HFA

Interfacing Relay

Energizes on pumps differential
Pressure above setpoint.

E11A-K23A GE HGA
E11A-K25A GE HGA

Interfacing Relay

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

E11A-K26A GE HGA

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
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

“aOxX=
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RTT TRIP FUNCTION TAELE NO:

NEDO-32291

3.3.3-3

RTT TRIP FUNCTION ITEM NO: 2.b

SYSTEM DESCRIPTION

Fermi-2 (1 of 2)

: Low Pressure Coolant Injection mode of RHR
TRIP FUNCTION DESCRIPTION : Drywell pressure - High

T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Pressure Transmitter Senses Pressure and provides B21-NOS4E, F

analog signal to the MTU.

Rosemount 1153

Master Trip Unit

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

B21-N694E, 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-K5A, B GE HFA

Interfacing Relay

Actuates on High Drywell Pressure
and Low Water Level Logic.

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

Interfacing Relay

Energizes on Hi Drywell Pressure or
Level-2,

E11A-K77A GE HFA

Interfacing Relay

Energizes on pumps differential
Pressure above setpoint.

E11A-K23A GE HGA
E11A-K25A GE HGA

Interfacing Relay

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

E11A-K26A GE HGA

Interfacing Relay

Energizes on pump delta-P above set

setpoint & Low Level or Hi Drywell Pressure.

E11A-K27A, B GE HFA

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. 0O
61721-2205-05 Rev. P
61721-2205-02 Rev. R

“wax=
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.3-3 Fermi-2 (2 of 2)
RTT TRIP FUNCTION ITEM NO: 2.b
SYSTEM DESCRIPTION ! Low Pressure Coolant Injection mode of RHR
TRIP FUNCTION DESCRIPTION : Drywell Pressure - High
T/8 RTT REQUIREMENT (Sec) : <= 55.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION PIS & MODEL #
Interfacing Relay Energizes when Riser A delta-P {s E11A-K35A, B GE HGA
greater than Riser B delta-P. E11A-K36A, B GE HGA
iInterfacing 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 HFA
Interfacing Relay Actuates E11-FOl5A, 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

“ax =
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.5.3-3 Fermi-2 (1 of 2)
RTT TRIP FUNCTION ITEM NO: 3.a
SYSTEM DESCRIPTION : High Pressure Coolant injection System
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Vater Level - Level-2
T/S RTT REQUIREMENT (Sec) : <= 30.0
DEVICE
RESCRIPTION OF COMPONERT FUNCTION PIS & MODEL #
Level Transmitter Senses Water Level-2. B21-N091A
Rosemount 1153
€lave 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 E41A-K2 GE HFA

Logic for the fcllowing valves:-

Steam Supply to Turbine Valve
E41-F001L.

Steam Supply line Outbd Valve
E41-F003.

Pump suction from CST
E41-F004.

Pump Discharge
E41-F006 .

Test Bypass to CST
E41-FOO08.

Redundant shut Off to CST
E41-FO11.

Initiation Relay Lube 0il Cooling water E41A-K3 GE HFA
E41-F059.

Reference Drawing Numbers:

61721-2095-29 Rev. 61721-2205-01 Rev. G
61721-2095-30 Rev.
61721-2221-05 Rev.
61721-2225-03 Rev.

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

o R =
WO a3
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RTT TRIP FUNCTION TABLE NO: 3.3.3-3

NEDO-32291

Fermi-2 (2 of 2)

RTT TRIP FUNCTION ITEM NO:

SYSTEM DESCRIPTION

3.a :

: High Pressure Coolant injection System

TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Water Level - Level-2

T/S RTT REQUIREMENT (Sec) :

RESCRIPTION OF COMPONENT

<= 30.0

DEVICE

Pump Discharge
E41-F007.

Initiation Relay

Starts vacuum Pump.

E41A-K7 GE HFA

Starts Auxiliary 0il Pump
at preset wvalue.

Reference Drawing Numbers:-

61721-2095-29 Rev

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

X Z

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

Cc-29
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NEDO-32291

AFPENDIX C.2
RIVER BEND LEAD PLANT RTT IRSTRUMENTATIOR LOOF COMPONENTS

This Appendix details the River Bend Lead Plant response time sensitive
components, their corresponding functions in the respective loops, and their
model and MPL (Master Parts List) nuabers. The top heading of each
instrumentation loop identifies the trip function, system description, table
and iten number and the response time requirement. The dravings used in the
analyses, including their revision and sheet nuzbers and referenced plant
procedures, are either listed at the bottom of each loop description or
sumparized in the tables at the front end of this sppendix. The bases and
assunptions for the River Bend RTT instrumentation loop component
identification is listed in Section C.1.1, page C-1, of this appendix.
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NEDO-32291

DRAWING REVISIONS USED IN REPORT
DRAWING SHEET REV

E2BE243AA 05 13
16 14
17 08
B2BE445AA 02 ~ 28
03 27
04 24
08 27
10 27
11 27
12 27
13 27
14 27
15 29
17 27
E2BES31AA 02 25
02A 21
03 26
0% 22
09 26
10 24
ig 22
B2BE534AA 03 18
08 24
0% 25
10 22
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NEDO-32291

DRAWING REVISIONS USED IN REPORT

DRAWING SHEET REV
B2BESI4AA 13 27
14 24

15 27

i6 24

17 24

B2BESI5AA 02 12
06 20

07 15

10 19

BZBESI6AA 03 20
04 15

05 15

06 16

07 20

E2BESI9AA 02 27
04 27

08 28

13 27

ES1EG02AA 01A 13
04 24

05 19
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NEDO-32291

RIVER BEND RTT PROCEDURE NUMBERS

STP-051-4801
STP-051-4802
STP-051-4803
STP-051-4804
STP-051-4805
STP-051-4806
STP-051-4807
STP-051-4808
STP-051-4809
STP-051-4810
STP-051-4811
STP-051-4812
STP-051-4813
STP-051-4814
STP-051-4815
STP-051-4816
STP-051-4851
ST?2-051-4852
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
STP-601-4801
STP-058-4802
STP-204-4802
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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-207-4814
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
STP-508-4810



e i

. ILRPS
. TLRPS
. ILRPS
.ILRPS.
.ILRPS.
. ILRPS.
. ILRPS
.ILRPS.
.ILISM.
.ILISM.
.ILISM.
. ILISM
- ILCSL.
. TLRHS
. ILCSL.
- ILRHS .
. ILCSL.
.ILRHS .
. ILCSL.
. ILRHS
. TLCSH.
.TLCSH.
.ILCSH.
. ILCSH.
.ILCSH.
.ILCSH.
.ILCSH.
.ILCSH.

NEDO-32291

RIVER BEND RTT LOOP CALIBRATION REPORT NUMBERS

013
014
015

016
009
010

.011

012
009
012
010

.011

025

.089

026
090
027
091
028

.092

036
034
032
033
038
037
039
040
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.TLMSS.
. TLMSS
.JLMSS.
.JLMSS.
. TLMSS
. TLMSS
.TIMSS.
. ILMSS
.TINSS.
. ILMSS
.TLMSS
.T1MSS
.TLMSS.
. TLMSS
.TIMSS.
.JLMSS
.TLMSS
. TLMSS
.TIMSS.
.T1MSS
. TLIMS
.ILIMS
. JLINMS
JILINS.
.ILIMS
LILIMS.
.ILICS.
.ILICS.
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012

.015

013
050

.016
.019

017

.018

020

.023
.021
.022

024

.027

025

.026
.028
.031

029

.030
.061
.057
.059

062

.058

020
021

1.ILICS.038
1.1LI1CS.039
1.ILRPS . 017
1.TLRPS.020
1.1ILRPS.018



NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.1-2 River Bend (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) : <= 0.35
DEVICE
DESCRIPTION OF COMPONENT EUNCTION MPL & MODEL #
Transmitter Sends RPV Pressure signal to the B21-NO78A
master trip unit. Rosemaunt 1152
Master Trip Unit De-energizes Relay C71A-K5A on B21-N678A
high RPV Pressure. Rosemount 510DU/710DU
MTU Output Relay De-energizes on High Pressure signal C71A-K5A
from the MTU. Agastat GP
Initiation Contactor De-energizes Group 1 Pilot Scram C71A-K14A GE CR205

valve Solenoid "A",

Interfacing Relay De-energizes on High Pressure. C71A-K69

Potter & Brumfield MDR

Initiation Contactor De-energizes Group 3 Pilot Scram C71A-K14G GE CR105
valve Sclencid “"A".

Interfacing Relay De-energizes on High Pressure. C71A-K70

Potter & Brumfield MDR

Initiation Contactor De-energizes Group 2 Pilot Scram C71A-K14K GE CR205
valve Solenoid "A".

Interfacing Relay De-energizes on High Pressure. C71A-K71

Potter & Bruafieid MDR

Initiation Contactor De-energizes Group 4 Pilot Scram C71A-¥14S GE CR105
valve Solenoid "A".

Reference Drawing Numbers:-

82BE531AA, Sheets 2, 9, 10, 18.
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.1-2
RTT TRIP FUNCTION ITEM NO: 4.0

SYSTEM DESCRIPTION

River Bend (1 of 1) _

: Reactor Protection System Response Times
TRIP FUNCTION DESCRIPTION : Reactor Vessel Water Level - Low, Level-3

T/8 RTT REQUIREMENT (Sec) : <= 1.05
DEVICE

DESCRIPTION OF COMPONENT FURCTION MPL & MODEL #
Transmitter Sends RPV Low water Level, Level-3 B21-N0O80OA

signal to the master trip unit. Rosemount 1152
Master Trip Unit De-energizes Relay C71A-K6A on low B21-N680A

water level-3 signal. Rosemount 510DU/710DU
MTU Output Relay De-energizes on Low Water level-3 C71A-K6A

signal from the MTU. Agastat GP

Initiation Contactor

De-energizes Group-1 Pilot Scram
valve Solenocid "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 Solencid "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-energizes on Low Level Water.

C71A-K71
Potter & Brumfield MDR

ini*iation Contactor

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

C71A-K14S GE CR105

Reference Drawing Numbers: -

828BE531AA, Sheets 2,

9, 10, 18.

C-36
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RTT TRIFP FUNCTION TABLE NO:

NEDC-32291

3.3.1-2

RTT TRIF FUNCTION ITEM NO: 5.0

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

River Bend (1 of 1)

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

T/8 RTT REQUIREMENT (Sec) : <= 1.05
DEVICE
RESCRIPTION OF COMPONENT FURCTION MPL & MODEL #
Transmitter Sends RPV high water level, level-8 B21-NO8B0OA

signal to the master trip unit.

Rosemount 1152

Master Trip Unit

Sends Water Level signal to the STU
B21-N683A.

B21-N680A
Rosemount 510DU/710DU

Slave Trip Unmit

De-energizes Relay C71A-K&44A on high
water level-8 signal.

B21-N6832
Rosemount 510DU/710DU

STU Output Relay De-energizes on high water level-8 C71A-K46A

signal from the MTU. Agastat GP
Initiation Contactor De-energizes Group-1 Pilot Scram C71A-K14A

valve Solenoid "A". GE CR205 |
Interfacing Relay De-energizes on High Water Level. C71A-K69 i

Potter & Brumfield MDR

Initiation Contactor De-energizes Group-3 Filot Scram C71A-K14GC
valve Solenoid "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 Water Level. C71A-K71

Potter & Brumfield MDR

Initiation Contactor

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

C71A-K148
GE CR105

Reference Drawing Numbers:-

828E531AA, Sheets 2, 3, 9,

10, 18.
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RTT TSTP FUNCTION TABLE NO: 3.3.2-3

NEDO-32291

RTT TEIP FUNCTION ITEM NO: l.a

SYSTEM DESCRIPTION

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

River Bend (1 of 1) __

: Primary Containment Isolation

T/8 RTT REQUIREMENT (Sec) : _ <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MFL & MODEL ¢
Transmitter Sends RPV level signal to MIU B21-KOB1A

B21-N681A.

Resemount 1152

Master Trip Unit

Transmits RPV level signal to STU
B21-N682A.

B21-N681A
Rosemount 510DU/710DU

Slave Trip Unmit

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

B21-N682A
Rosemount 510DU/710DU

STU Output Relay Deenergizes relays B21H-K27 *, K66A** 6 B21H-K148A
& K72A to actuate isolation, %¥% Agastat GP
Initiation Relay Closes reactor water sample valve B21H-K72A
B33-F020. Agastat CP

Reference Drawing Numbers: -

B2BE44S5AA, Sheets 2,

3, 12, 15, 17.

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

** Contact goes to Secondary Containment Isolation Logic, Table 3.3.2-3/3a

*** The signal from relay B21H-K148A goes through isolator B21H-AT38 before
it reaches relays B21H-K27, K66A & K72A.
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3

NEDO-32291

RTT TRIP FUNCTION ITEM NO: 1.b

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Drywell Pressure - High

River Bend (1 of 1)

: Primary Containment Isolation

T/S RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
RESCRIPTION OF COMPONENT FURCTION MPL & MODEL ¢
Transmitter Sends drywell pressure signal to MTU C71-NOS0A

C71-N650A.

Rosemount 1154

Master Trip Unit

Deenergizes relays C71A-K45A & Kéa
to initiate isolation.

C71-N650A
Rosemount 510DU/710DU

MTU Output Relay Deenergizes relay B21H-KZ3A to C71A-K45A
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-K59A.

Initiation Relay and Cleses 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-F037a Agastat GP

Reference Urawing Numbers: -

B2BES31AA, Sheets
B828BE534AA, Sheets
82BE445A4, Sheets

* Contact goes

2,
3.
2,

to

18
8, 13
11, 12, 15

Secondary Containme  * Isolation Logic, Table 3.3.2-3/3b.
*% Valves E12-FO75A & B and E12-F040 are Secondary Containment Isolation valves.
w¥* The signal from relay C71A-K45A goes through isolator B21H-AT38 before

it reaches relay B21H-K23A.
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 River Bend (1 of 1)
RTT TRIP FUNCTION ITEM NO: 2.a
SYSTEM DESCRIPTION : Main Steam Line Isolation
TRI? FUNCTION DESCRIPTION : Rx Vessel Low Vater Level - Level-1l
T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FURCTION MPL & MODEL #
Transmitter Senses RPV level & sends signal to T B21-NOB1A
the MTU B21-N681A. Rosemount 1152
Master Trip Umit Deenergizes relay B21H-K1A on L-1 B21-N681A
to initiate isolation. Rosemount 510DU/710DU
Output Relay Deenergizes relays B21H-K7A & KJK B21H-K1A
to actuate isolatlon logic. Agastat GP
Interfacing Relay Deenergizes relays B21H-Kl4A & B21H-K7A
K56A** to close valves. Agastat GP
Initiation Relay Closes outboard MSIVs B21-FO28A-D.* B21H-Kl4A
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
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
Initiatiou Relay Cleses inboard MSIVs B21-FO22A-D.* B21H-K51B
Agastat GP

Reference Drawing Numbers: -
82BE4LSAA, 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 NO:

NEDO-32291

3.3.2-3

RTT TRIP FUNCTION ITEM NO: 2.

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Main Stesm Line Radiation - High
T/8 RTT REQUIREMERT (Sec) :

River Bend (L of 35 .

: Main Steam Line "A" Isolation

<= 10.0

DEVICE

lon Chamber * Sends MSL radiation signal to log D17-N0O03A

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

MSL rad to initiate isolation. GE, 238X660G10
Output Relay Deenergizes relay C71A-K7A to D17A-K&40

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

to close valves. Potter & Brumfield MDR
Initiation Relay Deenergizes relays B21H-K72A%** B21H-K84A

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

B33-F020, Agastat GP
Interfacing Relay Deenergizes relays B21H-K14A & K56A B21H-K7A

to close valves. Agastat GP
Initiation Relay Closes outboard MSIVs B21-FU28A-D.%* B21H-K14A

Agastat GP

Initiation Relay and Closes Drain valve B21-F019 and B21H-K56A
Interfacing Relay deenergizes relays B21H-KB & K9. Agastat GP
Initiation Relay Closes outboard MSL drain valves B21KH-K8

B21-FO67A & B. Agastat GP
Initiation Relay Closes outboard MSL drain vaives B21H-K9

B21-F067C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-KS51B B21H-K7K

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

Agastat GP

Reference Drawing Numbers:-

B82BE44LSAA, Sheets 2, 3, 8, 10, 11, 12, 13, 14

82BES31AA, Sheets 2A, S

B82BE243AA, 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-KB84A goes through isolator B21H-AT38 before
it reaches relay B21KH-K72A.
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RTT TRIP FUNCTION TABLE NO:

NEDO-32281

3:3-2"

RTT TRIP FUNCTION ITEM NO: 2.¢

SYSTEM DESCRIPTION
TRIP FUNCTION DESCRIPTION : Main Steam Line Pressure - Low

River Bend (1 of 1)

: Main Steam Line iIsolation

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

DESCRIPTION OF COMPONENT FUNCTION MPL & MCDEL #
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-N676A

pressure to initiate isolation. Rosemount 510DU
Output Relay Deenergizes relays B21H-K7A & K7K B21H-K4A

to actuate isolation logic. 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-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 CP
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. Potter & Brumfield MDR
Initiation Relay Closes inboard MSIVs B21-FO22A-D.* B21H-K51B

Agastat GP

Reference Drawing Numbers: -

82BE445AA, Sheets 2, 3, 8, 10, 11, 13, 14, 17

* MSIVs Cluse on one-out-of-two-twice Logic.
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO: 2.d

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

NEDO-32251

3.3.2-3

River Bend (1 of 1) _

: Main Steam Line Isolation

Main Steam Line Flow - High

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

MTUs E31-N686A thru N689A.

Rosemo'mnt 1152

Master Trip Units

Deenergize relays B21H-K120A thru
K123A to initiate isolation.

E31-NéB6A thru N68Y%A
Roscmount 510DU/710DU

Trip Unit Output Relays

Deenergize relay B21H-K3A
to actuate isolation legic.

B21KH-K120A thru K123A
Agastat GP

Interfacing Relay Deenergizes celays B21H-KJ7A & K7K B21H-K3A
to close valves. Agastat GP
Interfacing Relay Deenergizes relays B21H-K14A & K56A 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-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
Initiation Relay Closes outboard MSL dyain valves B21H-K9
B21-F067C & D. Agastat GP
Interfacing Relay Deenergizes relay B21H-K51B BZ1H-K7K
to close valves. Potter & Brumfield MDR
Initiation Relay Closes inboard MSIVs B21-F022A-D.%* B21H-K51B
Agastat GP

Reference Drawing Numbers:-

B2BE4LLSAA, Sheets 2,

8, 10, 11, 13, 14, 17

* MSIVs Close on cne-out-of-two-twice Logic.
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NEDO~-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3
RTT TRIP FUNCTION ITEM NO: 3.a

Biver Bend (1 of 1)__

SYSTEM DESCRIPTION : Secondary Containment Isolation

TRIP FUNCTION DESCRIPTION :

Bx Vessel Lowv lov Vater Level - Level-2

T/S RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Sends RPV level signal to MIU B21-N0O81A

B21-N6B1A.

Rosemount 1152

itansmits RPV level vignal to STU
B21-N682A.

Master Trip Unit

B21-N681A
Rosemount 510DU/710DU

Deenergizes relay B21H-K14BA on L-2
to initiate isolation.

Slave Trip Unit

B21-N682A
Rosemount 510DU/710DU

Output Relay Deenergizes relays B21H-K27%, B21H-K148A
K66A*** & K72A** to actuate Agastat GP
isolation.

Initiation Relay & Closes drywell vent and purge valves, B21H-K66A

Interfacing Relay starts SCTS, deenergizes relay Agastat GP
B21H-K87A. Starts control room
Div. I air system.

Initiation Relay Closes Radwaste isolation valves, B21H-K87A
shuts down & isolates containment Agastat GF

vent system.

Reference Drawing Numbers: -

82BE4GLSAA, Sheets 2, 3, 10, 17

* 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-K148A goes through isolator B21H-AT38 before

it reaches relay B21H-K66A.
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RTT TRIP FUNCTION TABLE NO:

NEDO-32291

3.3.2-3

RTT TRIP FUNCTION ITEM NO: ib

SYSTEM DESCRIPTION

TRIP FURCTION DESCRIPTION :

River Bend (1 of 1)

: Secondary Containment Isolation

Drywell Pressure - High

T/S RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION MFL & MODEL
Transmitter Sends drywell pressure signal to MTU C71-N0O50A

C71-N650A.

Rosemount 1154

Master Trip Unit

Deenergizes relays C71A-K4A & K&5A*
to initiate isclation.

C71-N650A
Rosemount 510DU/710DU

MTU Output Relay Deenergizes relay B21H-K66A to C71A-KéA
actuate isolation logic.#* Agastat GP

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

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

Initiation Relay Closes radwaste isolation valves, B21H-K87A
shuts down & isolates contairment Agastat GP
ventilation system.

MTU Output Relay De-energizes relay B21H-K23A to C71A-K45A
initiate RHR isolation, %% Agastat GP

Initiation Relay and Closes RHR sample line valves B21H-K23A

Interfacing Relay E12-FO75A & B; de-energizes relay Agastat GP
B21H-K59A.

Initiation Relay Closes RHR discharge valve to B21H-K59A
Radwaste, E12-F040. Agastat GP

Reference Drawing Numbers: -

B2BE531AA, Sheets 2, 18

82BE4LSAA, Sheets 2, 10, 11, 12, 15

* Contacts go to the Primary Containment Isolation Logic, Table 3.3.2-3/1b.
** 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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RTT TRIP FUNCTION TABLE NO:
RTT TRIF FUNCTION ITEL NO:

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

NEDO~32291

3.3.2-3

4.a

River Bend (1 of 2)__

: Reactor Water Cleanup Isolation

Delta Flow - Eigh

T/8 RTT REQUIREMENT (Sec) : <= 10.90
DEVICE
DESCRIPTION OF COMPONENT FUNCTION 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-K602A
Bailey 750

Transmitter Sends signal of RWCU flow from Clean- E31-NO75A

up F/D to E31-K605A via E31A-SRUL. Rosemount 1152
Square Root Extractor Transmits signal to Summer E31-K605A

E31-K604A. Bailey 750
Transmitter Sends signal of RWCU flow from RzgéET E31-NO77A

HY to E31-K603A via E31A-SRUL. Rosemount 1152
Square Root Extractor Transmits signal to Summer E31-K6024

E51-K€04A. Bailey =0
Summe r Transmits signal to Electronic E31-K60:..,

Switch E31-K609A. Bailey 52
Electronic Switch Energizes Timer E31-R615A on high E31-N609A ol

differential flow.

Bailey 74°%

Time Delay Relay

After time delay energizes downstreanm
Relay.

E31-R615A
Eagle Signal HP5

Interfacing Relay De-energize Relay in Isolatien logic E31A-K7A
B21H-K172. Agastat GP
De-energize downstream Relay B21H-K172

Interfacing Relay

B21H-K27 .*

Potter & Brumfield MDR

Interfacing Relay

De-energizes relays B21H-K145, K154,
K159 and K160.

B21H-K27
Agastat GP

Reference Drawing Numbers: -

B51E602AA, Sheets 1A, 4,

82BE4L4L5AA, Sheets 2, 3,

5
11, 12, 15

* The signal from relay B21H-K172 goes through isolator B2iH-AT38 before
it reaches relay B21H-K27.
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NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3
RTT TRIP FUNCTION ITEM NO:

SYSTEM DESCRIPTION

River Bend (2 of 2)__

4.a

: Reactor Water Cleanup Isolation
TRIP FUNCTION DESCRIPTION :

Delta Flow - High

1,8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Initiation Relay Closes RWCU isolation valve B21H-K145
G33-F034. Agastat GP
Initiation Relay Closes RWCU isolation valve B21H-K154
G33-F004. Agastat GP
Initiation Relay Closes RWCU isolation valve B21H-K159
G33-F054. Agastat GP
Initiation Relay Closes RWCU isolation valve B21H-K160
G33-F039. Agastat GP

Reference Drawing numbers: -

B51E602AA, Sheets 1A, 4,

82BE4LLSAL, Sheets 2, 3,

5
11, 12, 15

C-47



RTT TRIP FUNCTION TABLE NO:
RTT TRIF FUNCTION ITEM NO:

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION : Rx Vessel Low Low Water Level - Level-2

NEDO-32291

3.3.2-3

&.e

River Bend (1 of 1)

: RWCU System Isolation

T/S RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Senses RPV level & sends signal to B21-NOS1A

the MTU B21-N681lA.

Rosemount 1152

Master Trip Unit

Transmits RPV level signal to STU
B21-N682A.

B21-N681A
Rosemount 510DU/710DU

Slave Trip Unit

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

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, BZ1H-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. B21H-K160
Agastat GF

Reference Drawing Numbers: -

B828E4LS5AA, Sheets 2,

3,

15, 17
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RTT TRIP FUNCTION TABLE NO: 3.3.2-3

NEDO-32291

RTT TRIP FUNCTION ITEM NO: 5.a

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

Biver Bend (1 of 1)

: RCIC Isolation

RCIC Steam Line Flow - High

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL #
Transmitter Sends RCIC turbine supply delta E31-NO83A

pressure signal to MTU E31-N683A.

Rosemount 1152

Master Trip Unit

Transmits delta pressure signal to
STU E31-N690A & energizes Relay ESIA
E51A-K64 on Plus High Delta Pressure
or on Negative High Delta Pressure.

E31-N683A
Rosemount 510DU/710DU

Time Delay Relay

Energizes relays E51A-K15 & K24 after
time delay to isclate RCIC.

E51A-K64
Agastat TR (TDPU)

Initiation Relay Closes steam supply line isolation E51A-K15
valve E51-F064. Agastat GP

Initiation Relay Closes pump suction valve from ES1A-K24
suppression pool, E51-F031. Agastat GP

Reference Drawing Numbers: -

B82BES39AA, Sheets 2, &,

8, 13
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO: 6.c
: Residual Heat Removal System Isolation
Reactor Vessel Low Water Level - Level-3

SYSTEM DESCRIPTION

TRIP FUNCTION DESCRIPTION :

NEDO-32291

3.3.2-3

River Bend__ (1 of 1)__

T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION APL & MODEL #
Transmitter Senses reactor water level and sends B21-NO8BDA

signal to MTU B21-N680A.

Rosemount 1152

Master Trip Unit

De-energizes relays C71A-K6A and
K46A on low water level-3.

B21-N680A
Rosemount 51CDU/710DU

Interfacing Relay De-energizes relay B21H-K23A on low C71A-K6A
water level. * Agastat GP
Interfacing Relay De-energizes relay B21H-K129A on low C71A-K46A
water level *¥ Agastat GP
Interfacing Relay and De-energizes Relay B21H-K59A & closes  B21H-K23A
Initiation Relay RHR sample line valves E12-FO75A & B. Agastat GP
Interfacing Relay and Energizes Relay E12A-K135A & cleses B21H-K59A
Initiation Relay RHR discharge to RW Valve E12-F040. Agastat GP
Initiation Relay Closes RHR shutdown cooling upper E12A-K135A
pool wvalve E12-FO37A. Agastat GP
Interfacing Relay De-energizes Relays B21H-K54 & K165; B21H-K129A
Energizes Relay E12A-Kl1llA. 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-FOO08. Agastat GP
Initiation Relay Closes RHR shutdown cooling injection E12A-K111A
valve E12-F053A. Agastat GP

Reference Drawing numbers: -

82BE445AA, Sheets 2, 11, 12, 15
B2BES534AA, Sheets 3, B, 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.

C-51



NEDO-32291

RTT TRIP FUNCTION TABLE NO: 3.3.2-3 River Bend (1 of 1)
RTT TRIP FUNCTION ITEM NO: 6.4
SYSTEX DESCRIPTION : Residusl Heat Removal System Isolation
TRIP FUNCTION DESCRIPTION : Reactor Vessel Low Water Level - Level-l
T/8 RTT REQUIREMENT (Sec) : <= 10.0
DEVICE
RESCRIPTION OF COMPONERT FURCTION MPL & MODEL #
Transmitter Sends RPV Level signal to the master B21-NO91A
trip unit B21-N691A. Rosemount 1154
Master Trip Unit Energizes Relay E21A-K91 on Level-1 B21-N691A
to initiate Isolation. Rosemount 510DU/710DU
Interfacing Relay Energizes Relay E21A-Kll 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 Relay Isolates BOP functions for LOCA E12A-K110A
initiation. GE HFA
Initiation Relay Closes RHR Heat Exchanger Flow to E12A-K125A
Suppression Pool valve E21-FOllA. Agastat GP

Reference Drawing numbers: -

82BE535AA, Sheets 2, 6, 10,
B2BE534AA, Sheets 3, 8, 13.
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RTT TRIP FUNCTION TABLE NO:
RTT TRIP FUNCTION ITEM NO:

SYSTEM DESCRIPTION

NEDO-32291

3.3.3-3

_River Bend (1 of 3)__

: Low Pressure Coolant .-

* ;an Mode o>f RHR System

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

T/S RTT REQUIREMENT (Sec) : <= 37.0
DESCRIPTION OF COMPONENT EUNCTION
Transmitter Senses RPV level signal to MTU

B21-N691A.

DEVICE
MPL & MODEL #

B21-N09%91A
Rosemount 1154

Master Trip Unitc

Energizes relays E21A-K91 and
B21C-K3A* to initiate system start.

B21-N691a
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relays E21A-K10%* & K11 on E21A-K91
RPV ievel-1l. Agastat GP
Senses drywell pressure signal to MTU B21-N09%aA

Transmitter

B21-N694aA.

Rosemount 1154

Master Trip Unit

Energizes relays E21A-K9 and
B21C-KlA* to initiate system start.

B21-N694A
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relays E21A-K10%* & K11 on E21A-K9%%
high drywell pressure. Agastat GP
Senses RPV level signal to MTU B21-NO91B

Transmitter

B21-N6918B.

Rosemount 1154

Master Trip Unit

Energizes relay E12A-K7 to initiate
system start.

B21-N691B
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relays E12A-K109B, K9B, E12A4-K7
and K126B on RPV level-l. Agastat GP
Senses drywell pressure signal to MTU B21-NO9%B

Transmitter

B21-N694B.

Rosemount 1154

Master Trip Unit

Energizes relav E12A-KS to imitiate
system start.

Reference Drawing Numbers: -

82BES35AA, Sheets 2, 6, 10
B2BE534AA, Sheets 3, B, 9, 10, 13, 14, 15, 16, 17, 24

B51E602AA, Sheets 1A, &

Notes:

B21-N694B
Rosemount 510DU/710DU

*  B21C-K3A & K1A, when energized, lead to ADS valves open if LPCS/LPCI pumps operate.
#% E21A-K10, when energized, leads to start of LPCS (see Table 3.3.3-3, Item 1.0).
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RTT TRIF FUNCTION TABLE NO:

NEDO-32291

3.3.3-3

RTT TRIP FUNCTION ITEM NO: 2.a
: Low Pressure Coolant injection Mode of RMR Svstem
TRIP FUNCTION DESCRIPTION : LPCI Mode of RHR System Initiastion, Pumps A & B

SYSTEM DESCRIPTION

River Bend (2 of 3)

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

DESCRIPTION OF COMPONENT FUNCTION MFL & MODEL »
Trip Unit Output Relay Energizes relays E12A-K109B, K9B, E12A-K5

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

K94, K94A, & 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-F027A. 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 after E12A-K93A

10 min. time de .ay.

Agastat TR14D

Initiation Relay Opens valve E12-F048A 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-CCO2A. E12A-K18A
GE HFA
Initiation Relay Opens RHR injection vaive E12-FO42A. E12A-K23A
Agastat GP
Initiation Relay and Closes RHR steam line isolation E12A-K94A
Interfacing Relay valve E12-FO52A; deenergizes relay Agastat GP
E12A-K96A.
Initiation Relay Closes RHR valves E12-FO51A & E12A-K96a
E12-FO65A. Agastat GP

Reference Drawing Numbers:-

B2BES35AA, Sheets 2,
B2BES34AA, Sheets 3,

851E602AA, Sheets 1A, 4

6,
8 '

10
9, 10, 13, 14, 15, 16, 17, 24
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NEDO-32291

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

RTT TRIP FUNCTION ITEM NO: 2.a
SYSTEM DESCRIFTION : Low Pressure Coolant Injection Mode of RHR System
TRIP FUNCTION DESCRIPTION : LPCI Mode of RHR System Initiation, Pumps A & 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-FO24B. 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 E12A-K18B after 7 sec  E12A-K70B
time delay. Starts RAR Pump E12-COO2B. 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-K125B
to suppression pool. Agastat GP

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

Interfacing Relay E12-FO27B; energizes relay K23B; Agastat GP
deenergizes relay E12A-K96B.

Initiation Relay Closes Solenoid valve E12-F065B 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:-

82BE535AA, Sheets 2, 6, 10
82BE534AA, Sheets 3, 8, 9, 10, 13, 14, 15, 16, 17, 24

B51E602A4, Sheets 1A, 4
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RTT TRIP FUNCTION TABLE NO:

NEDO-32291

3.3.3-3

RTT TRIP FUNCTION ITEX NO: 2.5
: Low Pressure Coolant Injection Mode of RHR System

SYSTEM DESCRIPTION

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

River Bend (1 of 2)

T/8 RTT REQUIREMENT (Sec) : <= 37.0
DEVICE
RESCRIPTION OF COMPONENT FUNCTION MFL & MODEL #
Transmitter Senses RPV level signal to MIU B21-N0O91B

B21-N691B.

Rosemount 1154

Master Trip Unit

Energizes relay E12A-K7 to initiate
system start.

B21-N691B
Rosemount 510DU/710DU

Trip Unit Output Relay Energizes relays E12A-K109B* 6 K9B* E12A-K7
and K126B on RPV level-1. 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
Resemount 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-FO11B, flow E12A-K1258

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

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

Agastat GP

Initiation Relay and Opens RHR "B" injection valve El12- 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.
E12-C002C.

Starts RHR pump

Agasta*. TR14D

Reference Drawing Numbers:-

82BE534AA, Sheets 3, 9, 10, 15, 16, 17, 24

Notes:

* E21A-K109B, K9B, K23B & K9 B lead to start of RHR pump B
(see Table 2.2.3-3, Item 2.a).
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NEDO-32291

RTT TRIP FUNCTION TABLE RO: 3.3.3-3 River Bend (2 of 2)__

RTT TRIP FUNCTION ITEM NO: 2.b__

SYSTEM DESCRIPTION : Low Pressure Coolant Injection Mode of RER System

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

T/S RTT REQU.REMENT (Sec) : <= 37.0

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

Reference Drawing Numbers: -

82BE534AA, 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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RTT TRIP FUNCTION TABLE NO: 3.3.3-3 River Bend (1L of 1)
KTT TRIP FUNCTION ITEM NO: 4.0
SYSTEM DESCRIPTION : High Pressure Core Spray System
TRIP FUNCTION DESCRIPTION : HPCS System Initistion
T/8 RTT REQUIREMENT (Sec) : <= 37.0
DEVICE
DESCRIPTION OF COMPONENT FUNCTION MPL & MODEL »
Transmitter Senses RPV level signal to MTU B21-N0O73C
B21-N673C. Rosemount 1154
Master Trip Unit Energizes relay E22A-K73 to B21-N673C
initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relay E22A-K11 on RPV E22A-K73
level 1. Agastat GP
Interfacing Relay Energizes relays E22A-K3, K9 & K109. E22A-K11
Agastat GP
Transmitter Senses drywell pressure signal to MTU B21-N067C
MTU B21-N667C. Rosemount 1154
Master Trip Unit Energizes relay E22A-K67 to B21-Né667C
initiate system start. Rosemount 510DU/710DU
Trip Unit Output Relay Energizes relay E22ZA-K29 on DV pres- E22A-K67
sure. Agastat GP
Interfacing Relay Energizes 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 —alves E22-F001 & FO04. E22A-K9
Agastat GP
Initiation Relay Closes HPCS test valves E22-F010, E224-K109
FO11 & F023. Agastat GP

Reference Drawing Numbers: -

B28E536AA, Sheets 3, 4, 5, 6, 7
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RTT FAILURE EXPERIENCE REVIEW FROM INDUSTRY DATA BASES
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NEDO-32291

APFERDIX D
RTT FAILURE EXPERIENCE REVIEW FROM INDUSTRY DATA BASES

This Appendix summarizes the results of a comprehensive BWR Owners' Group
investigation with respect %c the generic failure of response time sensitive
components reported as of May 19%1. 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 cther or additional redundant surveillance
tests that can alsc pick up the same generic failure mode. Each celumn 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 resclution involves design
change, material change, component disqualification for a specified
function and even discontinuation of the component by the manufacturer.

(C) Functional 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 conponent 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.

D-1
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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 Functional,
Logic Functional and Channel Check refer to the Technical Specification
tests defined in Appendix B.

NOTE: Calibration is channel calibration as defined in the Technical
Specificaticns 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 regquirement.

(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.
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS
FUNCT 1ONAL L0GIC
GENERIC FAILURE MODE(S) FATLURE INPACT CHANNE L SYSTEM CHANNEL VISUAL
PART NAME RELAYS AYSS/NO) | ONRT | FUNCTIONAL CALIBRATION FUNCTION CHMECK | INSPECTION
Generic Relay. Silver-nicke! or silver-cadmium alloys will Yes No Yes No Yes No Yes
tarnish or oxidize when used in low current
Relay Contact app lications because of the absence of con-
Surface tact surface sparking from the typical
relay contact "making and breaking” func-
{1EN 88-98) tions. The sparking in the contact sur-
faces tends to promote a self-cleaning
mechanism that reduces the oxide buiidup on
the contacts.
West inghouse ARD. increased drag was found on the relay sole- No Possible Yes No Yes No Yes
noid armature This was attributed to an
Relay solenoid increased resistance caused by dust on the
armature. relay contact. Increased drag was caused
by granules from the coil potting compound
{1EN 88-88 Suppl) {sand based material) lodging between the
solenoids coil spool and the armature that
moves inside the coil spool. Resulting in
increased relay contact resistance and
breakdown of coil potting compound due to
aging.
GE HFA. Improper adjustments of contact gap and Yes None No Yes* No No Ko
wipe can effect the performance of the
Relay contact GAP | relay during seismic events. HFA relays
and WIPE setting | are manufactured with contacts normally
ad justment . cpen, Lut ua? e changed to normally
closed. If this setting is changed then
(1EN B83-19 & the contact gap and wipe settings must be
Sil 44 + Supp)) ad justed properly.
{* Gap setting during installation)

Ay L m—— T
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p— 1. S—

West inghouse BFD,
NBFD. Armature over
travel

(1E3 79-25)

Cut ler -Hammer Type M
Relays with OC
Coils.

Coil burnout.

{1EB 76-08)

West inghouse BFD.

Coil insuiation and
solder joints.

(TEB 76-05)

GENERIC FAILURE MODE(S)

e RELAYS

FUNCT 1ONAL
FATLURE
AYES/NO)

IMPACT
SMRT

DETECTABLE BY TYPES OF SURVEILLANCE TESTS
LOGIC

CHANNEL SYSTEM  CHANNEL
EUNCTIONAL CALIBRATION FUNCTION CHECK

VISUAL

The new style BFD relays exhibited marginal
or unsatisfactory contact making character-
istics due to insufficient armature travel.
The minimum acceptable overtravel estab-
Tished is 0.02 'nch, which is defined as
the distance the relay armature travels
beyond the point at which normally open
contacts -~ (2. Contact over travel of all
eight pu .. & travel pole relzys can be con-
firmed by measurement .

{* Contact overtravel measurement)

Type-M Relays failed during testing. The
cause of failure was loss of arc gap in the
coil cleaning contact, where the normal
mode of operation is to have the coil
energized. This contact prevents winding
burnout by interrupting the inrush current
to the pickup coil. The loss of arc gap in
the clearing contact was caused by an
abnormal amount of heat induced shrinkage
of molded magnet carriers.

During testing relays were discovered with
excessive operating times and open circuit
fatlures. These were caused by over heat-
ing of the relay coils. This overheating
may result in coil insulation breakdown or
melting of the coil solder joints, either
of which can lead to open circuit failure.
This overheating can also result in the
deformation of the nylon coil sleeve in
which the plunger travelers, affecting the

Yes

Yes

Yes

Possible

—~

Yes Yes* Yes No

Yes No Yes No

Yes No Yes No

1622€-0G3N
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GENERIC FAILURE MODE(S)
_RELAYS

GE induction Disc
Relays
ICR or ISCV)

Petroleum Jelly
Lubricant .

{1EC 80-01})

West inghouse BF(AC)
BFD{DC)

Pin misalignment

(1EC 76-02)

west inghouse BFD,
Struck Armature.

{1E8 79-25)

(1AC, 1AV,

—_—

FUNCTIONAL
FAILURE

AYES/NO)

INPACT

LOGIT
CHANNEL SYSTEM CHANKNEL

EUNCTIONAL CALIBRATION FUNCTION CHECK

rela, opening time. This coil has been
replac 'd by 2 new coil insulation that is
less susceptible to temperature
degrada ion.

A higher than normal pick-up value was
caused by ‘etroleum jelly lubricant which
under high temperature conditions can
migrate te the backstop. later, at room
temperature the lubricant can act as an
adhesive and cause pick-up values to be
higher than setpoint values. Cleaning
procedure is recommended.

Relay malfunctions were caused by the pin
that connects the plunger to the operat ing
head rubbing against the contact block.
This rubbing action resulted in friction
that impeded the plunger movement when the
relay coil was energized, there by prevent-
ing contact movement. Relays would operate
properly when the pin was centered in the
plunger. As a result the relay contacts
remained in the de-energized position even
though the coil was energized Relay
replacement was recommended.

While conducting periodic response time
test two relays were found to be stuck in
the energized position with the coil
de-energized. Investigation revealed that
the armature was sticking to the armature

Yes

Yes

None

None

Yes Yes Yes No

Yes No Yes No

Yes No Yes No

visuag

Yes
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GENERIC FAILURE MO (S)
RELAYS

—e
o ——

FUNCTIONAL
FATLURE

AYES/NO)

IMPACT

DETECTABLE 8Y TYPES OF SURVEILLANCE TESTS
LosIC

CHANNEL SYSTEM  CHANNEL
EUNCTIONAL CALIBRATION FUNCTION CHECK

VISUAL

Adams & West lake Co.

Mercury-Wetted
matrix relays.

(18 80-19)

GE Type HFA Relays.

Lexan Coil Spool
material,

(1€8 84-02}

stop post. This condition is created when
heat generated by normally energized coils
causes a softening and resultant flow of
epory adhesive. The epoxy achesive is used
to attach the magnetic antistick disc to
the top of the armature stop post. When
sufficient adhesive flows to the top of the
armature stop, the armature becomes bonded
to the stop post, resulting in the relay
sticking in the energi:zed position.

Failures were “failed closed” type. The
number of multiple failures detected sug-
gest the presence of a common-mode failure
mechanism. Due to the high random failure
rate, and a possible common-mode failure
mechanism, these relays have been repiaced
by dry-contact relays.

Failures involved relays that were continy-
ously energized in AC circuits and failed
to open when de-energized. The cause was
the deterioration of the coil wire insula-
tion as a result of the effects of aging.
Failure mechanism begins with wire insula-
tion failure resulting in shorted turns,
causing increased coil temperature and
eventual coil failure. Coil temperatures
can reach a level which can vaperize the
insulating materials and can melt the coil
spoc]. These materials may then deposit on
cooler surfaces of the relay and cause
armature damage and/or fai! to make a

Yes

Yes

Yes

Yes No Yes No

Yes No Yes Ko
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCTIONAL LOGIC
GENERIC FAILURE MODE(S) FAILURL IMPACTY CHANNEL SYSTEM CHANKEL

L e RO | _(ES/MO) | ONRT | FUNCTIONM CALIBRATION FUNCTION CHECK

contact circuit., Recommended replacemert

by new "Century Seriss" HWFA relay that uses

2 high-temperature-rated plastic material

called “Tefzel™
GE MFA Relays. Inadequate latch engagement, [(when thr Yes Nona Yes No Yes Ho

Latch Engagement
{1E Not 88-14

NRC Bulletin 88-03)

IS ensrgized) was caused by the an

latch operation that focks in the change in
the state of the contacts and holds them in
that state once the relay is de- energized
until the relay is reset. With the
armature in the latched position, each leg
of the U-shaped latch should engage the top
of the armature by the required minimum of
1/32 inch.  With less than 1/32 inch latch
engagement, it is possible that the relay
could unlatch prematurely. There are two
circumstances that can cause latch engage-
ment to be less than 1/32 inch: (1) In-
sufficient clearance between the ton of the
relay armature and the top of the mov ing
contact carrier and (2) insufficient
tension provided by the formed leaf spring
that rotates the l:tch to its fully engaged
position, which may permit the spring to
relax before full engagement between the
latch and the armature is achieved.

VisuaL

—————T

Yes
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PART_NAME

GENERIC FATLURE MODE(S)
~——RELAYS

o—

FUNCTIONAL
FATLURE

AYES/NO)

IMPACT

DETECTABLE BY TYPES OF SURVEILLANCE TESTS
LOGIC

SYSTEM CHANNEL

: 100_FUNCTION _CHECK

GE Type S5TD.

Radio Frequency
interference,

IER 76-03.

GE 5TD Transformer
differential Relays.

lener diodes.

(1E8 76-03)

GE Relays HFA,
HKA, HMA .

.“'

Open Circuit Coil
Fatlures.

(1E8 84-02)

A maifunction was caused by radic freguency
interference from an activated transceiver
In the re-designed card the ST0 dropout
point was reduced to 32 milliseconds. This
significant iy reduced the relay radio fre-
quency sensitivity.

{* Detectable after the trip has occurred)

The zener diode or the associated droping
resistors on the 570 sense Amplifier card
have failed shorted. The cause was the two
tener diodes whose cases were physically
touching, resulting in a short circuit.
The sense amplifier card has been rede-
signed using a new printed circuit card
with components arranged to preciude any
possibility of short circuits.

Open circuit coil failures of these relay
windings, had been caused by corrosion.
Halogens from a class of Nylon coil spools
or bobbins plus humid conditions were
attributed as the fundamental causes of the
corrosion and resulting coil failures.
investigation revealed that heat stabiliz-
ing eiement of the nylon coil spool con-
tained halogen ions which could be released
over time, When combined with moisture the
halegen fons form hydrochloric acid and
copper salts which can cause the eventual
open circuit failure of the coils. Vendor

No

Yes

Yes

No No Ho No

Yes No Yes No

Yes Ko Yes No

VISUAL

Yes*
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BETECTABLC BY TYPES OF SURVEILLANCE TESTS
FUNCT TONAL LosIC
GENERIC FAILURE MODE(S) FATLURE IMPACT CHANNE L SYSTEM CHANNEL ViSuAL
AR NAME _RELAYS AYES/NO) | SERT | EUNCTIONAL CALIGRATION FUNCTION CHECK | INSPECTION
recommended replacing the coils or relays
with new relays that have LEXAN spoo!
material.
GE MFA. Defactive relay coil spools with sither Yes None Yes Yes Yes
black or clear Lexan, 3 polycarbonate mate-
Cotl Spools. rial is susceptible to surface cracking
when exposed to hydrocarbons., These sur-
(1E Not B1-01 & face cracks can ultimately deteriorate to 2
Sil 44 '+ Suppl) point where the relay actuation would be
blocked by this debris, and thereby inhib-
iting the safety function. é
GE HFA (PVD 2iB PVD | The WFA relays were not resetting. The Yes Norne Yes Yes No é
210, HGA PYD 218, | problem was the mechanical binding in the »
PYD 21D, HGA}. relays that prevented the normally closed 3
contacts from making contact during de-
Stop tab location on | energization. The cause 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 smoke was observed coming from the
Relay room. Upon de-en.rgization of the
Relay Coil. relay coil the smoke stopped. The cause
was determined to be coil end-of-life ther-
(IE Info Notice No. | mal aging and sccelerated thermal aging of
84-20.) related relay components.
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FUNCT [ONAL LOGIC
GENERIC FAILURE MODE(S} FAILURE IMPACT CHANNEL SYSTEM CHANNEL VISUAL
PART NAME e RRA LS AYES/NO) | ONRI | FUMCTIONAL CALIBRATION rmxgém_ INSPECTION
Westinghouse Type | Random trip cutput ceused by relays con- Yes None Yes No Yes No No
SA-1 differentiai taining S.7. SEMICON stlicon-controlled
relays. rectifiers in SA-1 type relays. The two
potent fally significant problems are insuf-
Internal Capacitor | ficient surge-withstand-capability (SWC)
Failure. and internal tantalum capacitor failures
due to corrosion that results in the lesk-
(1EN No. 83-83) age of the electrolyte Vendor recommends
a surge protection module be added to this
relay model.
AGASTAT E-7000 The pneumatic timing diaphragm leaks out a No Yes Yes* Yes Yes* No No
fluid substance as a function of time and
Pneumatic timing | temperature. This fluid substance tends to
diaphragm affect the diaphragm seal on the relays
operating at high temperatures for extended
(IEN B2-04) periods, resulting in shorter time delays
than those set on the relay dial.
{Note: Time delay relays require response
verification through caiibration)
{* assuming significant deviation from
desired setting)
West inghouse NBFD At high ambient temperature conditiors, Yes None Yes No Yes Ro No
relay cuils could fatl due to the inductive
Relay coil insulat- | voltage spike generated by the de-energiza-
ing material tion of the relay coil. These failures are
confined to normally energized relays.
(IEN No. 82-02) Mylar insulating material resolves the coil
burnout by high voltage spikes.

1622£~0Q3AN
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BETECTABLE BY TYPES OF SURVEILLAMCE TESTS
FUNCTIONAL LOGIC
GENERIC FAILURE MODE(S) FAILURE IMPACT CHANNEL SYSTENM CHANNEL
PART NAME - — RELAYS AYES/NO) | ONRT | FUNCTIONAL CALIBRATION FUNCTION CHECK
GE WFA Fartial melting of the Nylon coil spool Yes Yes Yes Yes Ho

Coil Spool material

(1EN No. 82-13)

prevented the relay from moving to the
de-energized position for severa! minutes
after the coii was de-energized. On
another occasion melted LEXAN material was
found to be the cause. Melted insulation
from the relay coil of an actuated relay
had coated the relay contacts and thus pre-
vented electrical contact. A piece of the
spoe! flange had failen into the gap
between the open armature and pole face,
preventing solid contact. With the con-
tacts just touching must have created a
fixed air gap in the magnetic circuit. The
increase in the current caused by the air
gap produced excessive temperature rise in
the coil. This excessive temperaturs rise,
through conduction and convection to the
armature assembly and shading ring eventu-
ally caused remaining spoo) flange to
soften, melt and move. As the piece of
spool flange in the gap meited, the air gap
closed permitting the normally open
contacts to fully close. The closure of
the gap caused a lower temperature ang the
melted LEXAN then hardened and creaied a
bond between the armature and the pole
face. Thus when the coi) was de- energized
the return spring force was not enough to
bresk this bond. [t was recommended that
the LEXAN and Nylon cotl spool be replaced
with Century Series TEFZEL coil spools.

VisuaL

—— e —

Yes
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GENERIC FAILURE MDDE(S)
ik _RELAYS

FUNCT IONAL
FAILURE

INPACT

RETECTABLE BY YYPES OF SURVEILLANCE TESTS
LOGIC

CHANNEL SYSTEM  CHANNEL
EUNCTIONAL CALIBRATION FUNCTION CHECK

VISUAL

AGASTAT E-7000.
Relay orientation.

{TEN 85-49)

West inghouse NBFD.
Ceil Filler epoxy.

(TEN 82-54)

AGASTAT CRODSS.
Relay Sockets.

(IE N 82-48)

The time-relay measurements of horizontally
bench calibrated but vertically installed
relays were as much as 30% greater than
that of the bench calibration. Bench cali-
bration should be performed in the same
orientat fon as the mounted device.

{Note: Time delay relays require response
verification through calibration}

{* assuming significant deviation from
desired setting)

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

(* Failure results over time)
(** Some RT degradation possible before
complete functional faiiure)

Relay failed to energize due to the socket
contact being disengaged from the socket
and not making contact with the mating
relay contact

Yes*

Yos

Yes

Yes**

Yes* Yes Yes* No

Yes No Yes No

Yes No Yes No

Yes
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DETECTABLE BY TYPES OF SURVELLLANCE TESTS

FUNCTIONAL LOGIC
GENERIC FAILURE MODE(S) FAILURE IMPACT CHANNEL SYSTEM CHANNEL VISuAL
PART NAME RELAYS AYES/NO] | OK RT _ | FUNCTIONAL CALIBRATION FUNCTION CHECK | INSPECTION
I
GE HFA. Difficulty in making wipe and gap settings Yes Possible Yes Yes Yes No No
due to binding of a movable contact finger
Movabla Contact in the phenolic support assembly. The root
Finger. cause of the binding was determined to be
movable contacts that were manufactured
(IEN BB-69 Supp. 1) wider than the allowable tolerance. These
wider contact arms do not float freely in
the slot provided in the phenolic suppert.
Consequent iy the binding of a movable con-
tact arm could interfere with the relay
contact wipe.
ASEA BB ITE-SIL The ITE-SIL relays encounter spurious relay No None Yes* Ko Yes* Ko No
Time-over current | actuations caused by faulty silicon-
relays controiled rectifiers (SCRs). These SCR
allow current to flow in the absence of the
Stlicon contrelled | proper gating signal. These leakage
rectifiers {SCRs). currents were of sufficient magnitude to
energize the trip coil of the associated
(1f B8-58) circuit breaker.
(* After trip has occurred)
AGASTAT (GP, FGP, | The nylon movable contact arm was coming in Yes None Yes No Yes No No
aP) contact with the barrier strip on the
melamine phenol plastic relay base. Conse-
Nylon movable con- | quently this mechanical interference pre-
tact arm. vented one of the four sets of contacts
from changing state in the relay. It was
(1EN 84-20) determined by GE and Amerace testing that
these failures were end-of-service-iife
resulting from service aging of energized
relays in combination with the mechanical
configuration and tolerances. Vendor has

1622~0Q3N
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PART NAME

GENERTC FAILURE MODE(S)
RELAYS

FUNCT IONAL
FATLIRE

AYES/NO]

IMPACT

ETECTABLE BY TYPES OF SURVEILLANCE TESTS
Los1IC
SYSTEM CHANNEL

FUNCTIONAL CALIBRATION FUNCTION CHECK

VISUAL

AGASTAT (GP)

Relay contact arm
and stationary base.

{1EN B4-20)

GE CRiZ20A.

Contact Arm
retainer

(SIL No. 229}

GE CR120A.
Dirty Contacts.

(Brunswick daily
status report)

since made s design change to correct the
mechanical configuration and tolerance
prob lems .

Mechanical interference between the moving
relay contact arm and the stationary base
of the relay case. This was determined to
be caused by the casing shrinkage as the
me lamine phenol plastic base cures after
assembly. This phenomenon is also called
post-mold plastic shrinkage that results in
the reduction in clearances. Amerace Cor-
poration introduced a design change by cut-
ting a notch in the barrier strip to pro-
vide additional clearance.

(* Stuck relay will be detected)

A small relay fire occurred in a relay
pane)l due to overhezating and subsequent
fgnition. The contact arm retainer that
was made of CELCAN M0 acetal copolymer
which is flammable. The contact arm
retainer material has been changed to VALOX
310-SED, which is self extinguishing and
flame resistant.

Dirty contacts were found on the transfer
relay in feedwater level control contacts
that were extremely resistive. Relay uses
dry silver plated contacts. Relay contact
with gold contacts would be better choice
according to the customer.

Yes

Yes

Yes

Yes* No Yes* No

Yes No Yes No

Yes No Yes No

Ko

Yes
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCT [ONAL LOGIC
GENERIC FAILURE MODE(S) FAILURE IMPACT CHANNEL SYSTEM CHANNEL
o PART NAME i RELAYS - | AYES/NO) | ONRT | FUNCTIONAL CALIBRATION FUNCTION CHECK
GF CRI120A. The apparent cause of the de-energization Yes None Yes No Yes No
of the relay was loss of continuity to the
deposit buildup on | relay due to deposit buiilt up on the sur-
contact surface face of the contacts. These deposits
caused 2 momentary loss of continuity in
{Fermi Report) the relay The deposits were analyred to
consist of silver sulfide, stlicon oil or
tight grease and chior ides.
GE HFA. Relay coil windings had shorted resulting Yes None Yes L] Yes to
in an increased current which eventually
Shorted Coil caused the relay coil to fail while exceed-
windings. ing the maximum current rating of down-
stream devices. Aging analysis revealed
{S11. No 24 that the thermal aging of the nylon coil
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 magnet ic shading
turn. Extreme embrittlement can lead to
cracking of the nylon bobbin which allows
the coil windings to move sufficiently to
cause shorted turns. Nylon bobbin materia)
was replaced by polycarbonate material.
GE HFA. The four No. 8 x 5/8 inch screws which hold Yes None Yes No Yes No
the aluminum adapter plate and magnetic
Four No. 8 x 5/8 | core assembly to the back side of the relay
inch screws. case were not mechanically tight. Movement
of the mechanica) 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

VISUAL
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GENERIC FAILURE MODE(S)
RELAYS

m——— P ——
—— ——

FUNCT TONAL
FAILURE
YES/NO)

IMPACT

QETECTABLE BY TYPES OF SURVEILLANCE TES o
L0GIC
SYSTEM CHANNEL

FUNCTIONAL CALIBRATION FUNCTION CHECK

VIsuaL

HFA Relays.

Armature stuck in
energized position.

{SIL No. 44)

HFA Relays.

Defective Glass
window.

(SIL Ko. 44)

HFA Relay
Pickup voitage.

(SIL No. 44)

the relay coll te overheat due to an incom-
plete or partial path for the magnetic
flux.

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.

During inspections of relays, it was dis-
covered that a defective glass window on
one of the relay enclosures would not allow
the armature to return to the fail-safe po-
sitfon if de-energized. One of the metal
dips used to hold the glass window in place
in the door frame was missing and substi-
tuted for by a piece of masking tape.
Deterioration of the masking tape had per-
mitted the glass window to sag from its
normal position, jamming the relay armature
in the energized mode.

The pickup voltages of some of the 125-volt
DT HFA relays were found to be cutside the
recommended voltage range. Investigations
revealed that the pickup voltage varies
with temperature, which may have caused the
out-of-range voltages. Also the relay
pickup voltage below the lower limit of the

Yes

Yes

None

Yes No Yes No

Yes No Yes No

Yes No Yes Ko

Yes

Yes
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GENERIC FAILURE MODE(S)
_RELAYS

FUNCTTORAL
FAILURE

INPACT

QETECTABLE BY TYPES OF SURVEILLANCE TESTS

CHANNEL

EUNCTIONAL CALIBRATION FUNCTION CHECK

LoGIC
SYSTEM CHANNEL VISUAL

Agastat Relay.

NPROS

L1-q

Agastat GP.

NPRDS

Contact Resistance.

Slow respanse time.

recommended range indicates low spring ten-
sion which may allow normally closed con-
tacts to chatter in a de-energized relay
during a seismic event. These relays are
qualified to prevent contact chatter during
seismic events of up to 2.0 g ZPA (Zere
period acceleration)

A higher than normal resistance in the
relay contact caused the relay to appear
electrically open when it was mechanically
closed. The mechanism for the failure is
believed to be oxide build up which over
time increases on the relay contact sur-
faces because of the low voltage, low cur-
rent application and infregquent use.

While performing response time testing on
Reactor Protection System, low water leve)
scram, the response time exceeded the tech-
nical specification requirement of 50 mil-
Tiseconds. The cause was determined to be
the 40 millisecond drop-out time of the
Agastat Master trip relay The root cause
for the excessive drop out time was deter-
mined to be the relaxation of the contact
opening spring. Relay was replaced.

(Note: In RPS loops, oniy the sensor is
exempt from response time testing.)

Yes

Yes

Yes

Yes Ko No
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PART NAME

GENERIC FAILURE MODE(S)
RELAYS

FURCTIONAL
FATLURE

LYES/NO)

IMPACT

DETECTABLE BY TYPES OF SURVEILLANCE TESTS
LOGIC

CHANNE L SYSTEM CHANNEL
FUNCTIONAL _CALIBRATION FUNCTION CHECK

¥ISuAL

Time delay Relay
Setpoint drift

NPRDS

Time delay Relay

Relay binding jolted
loose

NPROS

Time delay Relay
Setpoint drift

NPRDS

While performing routine surveillance test-
ing, the loss of normal auxiliary power
interlock relay delay time was found to be
out of specification. It was a minor devi-
ation from Tech. Specs. Failure is attrib-
uted to age/set point drift. The relay was
adjusted to an acceptable response time and
returned to service.

{Note: Time delay relays require response
verification through calibration. )

{* Assuming significant deviation from
desired setting)

Relay actuated slow at 17 84 seconds when
the required Technical acceptance criteria
is less than or equal to 5 seconds. Relay
was repaired and reinstalled with a RTT of
3 01 seconds.

{Note: Time delay relays require response
verification through calibration.)

(* assuming significant deviation from
desired setting)

Auto-depressurization initiation time delay
relay failed its 92 day response time test
by more than one second. Relay was
recalibrated.

(Note: Time delay relays require response
verification through calibration.}

(* assuming significant deviation from
desired setting)

Ko

Yes

Yes

Yes

Yes* Yes Yes* Ho

Yes* Yes Yes* No

Yes* Yes Yes* ¥o
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OETECTABLE BY TYPES OF SURVEILLANCE TESTS
FUMCTIONAL LoGIC
GENERIC FAILURE MODE(S) FAILURE IMPACY CHANNEL SYSTEM CHANNEL ViSUAL

. PART NAME RELAYS AYES/NO) | ONRT | EUNCTIONAL CALIBRATION FUNCTION CMECK | [NSPECTION
GE HGA HoA armature binding was reported by oper- Yes None Yes No Yes No Yes

ating BWRs. The binding can occur only :
Relay Armature with surfsce mounted HGA relays using front ,
Binding. connecting terminals, 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

relay orientation and installation wiil

resoive this problem.
Potter-8rumfield P-B type KH & KHP sockets were found loose Yes None Yes No Yes Ko No
KH & KHP . while removing a loosely mounted socket the

complete socket assembly was detached caus-
Loose Sockeis, ing the metal socket retainer ring to fal)

back on the socket terminals. This
{SIL No. 172) resulted in a short circuit.
Relays. Trip relays rated at 24 volts DC in some Yes None Yes No Yes No No

ARM indicator trip units have failed with
Coil Overheating | burned open coils. Actual coil operat ing
Problem. voltages can reach 34-voits DC. Operating

trip relays in an over-voltage condition
{SIL No. 189) results in excessive heating of the relay

coil that may cause it to fail.
Relays GE HFA, HGA, | Open coil circuits in GE relays - HFA, HGA, Yes None Yes No Yes No No
HKA, HMA HKA & HMA could sccur in direct current

(DC} applications due to electrolytic cor-
Electrolytic corro- | rosion. The three significant contribut ing
sion of coils. factors to this failure mechanism are:

1. High humidity environment exceeding

60%.
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FAILURE

AYES/NOL

IMPACT

DETECTABLE BY TYPES OF SURVEILLANCE TESTS

LOGIT
CHANEL SYSTEM CHANNEL

EUNCTIONAL CALIBRATION FUNCTION CHECK

VISUAL

{SIL Ho. 153)

Relay

NPRDS

Slow respense time

Z. Intermittent energizing as opposed to
cont inuous relay cperation.
3. D.C. Operation as opposed to A.C.
operat fon.
The mechanism of electrolytic corrosion
results when moisture combines with halo-
genz given up by the heat stabilizing com-
pound used in the nylon bobbin of the relay
coil.  These halogens then migrate through
the insulation causing corrosion of the
copper wire. The chemical reaction usuaily
occurs in the part of the coil windings in
proximity to the bobbin. Relays used in
circuits with high duty cycle are not prone
to this failure since the heat generated by
the continuously - energized coil tends to
evaporate any excess moisture. Nylon coil
bobbins that are the cause of this problem
were replaced by Lexan coil bobbins.

The 2 CSW Pump B 4160 breaker tripped late
on instantaneous overcurrent after the loss
of second air compressor, 2A & 28 chillers,
turbine building exhaust radiation monitor
and 2A-2 battery charger. There was no
reason for delay. A response test was com-
pleted numerous times and the response time
of the relay decreased with each test. On
the final test the cei] failed to energize
and change the contact positions. Replaced
relay coil 2-E-84-2553.

Yes

Pessible

Yes No Yes No

A S e 4 I—I”m
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

AUXILIARY CONTACT FUNCT JONAL LOSIC
GENERIC FAILURE MODE(S) FATLURE IMPACT CHANNEL SYSTEM CHANNEL
. PART NAME ___RELAYS (YES/NO) | OMRT | FUNCTIONAL CALIBRATION FUNCTION CHECK
Relay During surveiilance test on the E-average Yes Kone Yes Ko Yes No
power range monitors. On generating a 1/2
Mechanical linkage scram on the B-channel received a full
scram.  Scram Corntactor contacts 5 and 6
NPROS did not open when relay was energired.
investigations revealed a mechanical
linkage had fallen off that opens contacts.
Replaced clip and linkage,
Relay Relay C71A-KI4A failed and subsequent Yes None Yes No Yes No
inspection reveasled all scram contactors
CR305 and actuator assemblies for contactor relay
{PRC B8-10} siightly loose. Tightened auxiliary con-
tact assemblies.
REED Relays. Stuck reed relays were discovered in the Yes None Yes No Yes Ho
APRM averaging cards. One relay was stuck
Stuck relays. closed and the other was stuck open. An
LPRM with a relay stuck open would not be
{SIL No. 184) averaged by the APRM circuit,
CR2820 Time Delay | GE CR2820 time delay relays used in the No Yes Yes Yes Yes* No
Relays. core spray, residual heat removal (RHR) and
automat ic depressurization systems have a
Defect ive timer, tendency to increase after long periods in
a de-energized condition. The CR2B20 timer
(SIL No. 230 Rev. 2) | has an accuracy specification of + i0X for
repetitive use. However it may vary con-
siderably more than 10X on the first pickup
after more than a month in the de-energized
state. Recommended to use Agastat Relays

VISuaL

——— o

Yes
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PART NAME

GENERIC FAILURE MODE(S)
RELAYS

FUNCT IONAL
FAILURE

AYES/NO)

INPACT

DETECTABLE BY TYPES OF SURVEILLANCE TESTS
LOGIC

CHANNE L SYSTEM CHANNEL
FUNCTIONAL CALIBRATION FUNCTION CHECK

ViSuAL

Gt Relays.

Contact Resistance.

{SIL No. 332)

Acuniat Relay Type

CRO09S
Relay Bases

(SIL No. 384)

for such applications. The actual value of
the time delay should be verified by
testing.

{Note: Time delay relays require response
verification through calibration )

{* Assuming significant deviation from
desired setting)

Relay contact resistance is found to be
greater than specified when dust, dirt or
contaminants are present. These relay cun-
tacts should be lightly dusted with a soft
brush while vacuuming to remove dislodged
particles. Following vacuuming, contacts
should be cleaned only with a burnishing
tool,

Agastat relays are plugged into a base that
has sixteen plug-in terminals. A potential
problem identified is the relay base, which
could lead to a high impedance or “open”
connection between one or more of the six-
teen relay terminals (male) and the corre-
sponding terminai in the relay base
(female}. The problem is caused by inade-
quate retention of the female terminal in
the base which allows the terminal to be
pushed out of the base when the relay is
plugged- in.

Yes

Possible

degrada-

tion

Yes Ko Yes No

Yes No Yes No

No

e e el — i et b B
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——PART NAME

GENERIC FATLURE MODE(S)
—RELATS

FUNCTIONAL
FAILURE

AYES/NO)

IMPACT
SNRI

QETECTABLE BY TYPES OF SURVEILLANCE TESTS

CHANNEL

3

I

F

LOGIC
SYSTEM CHANNEL

VISuAL

Potter & Brumfield
MDR Relays

(RICSIL No. 053)

West inghouse

Types ARD, BFD &
NBFD

Epoxy Flow In
Energized Relays

NRC Info.
Notice 91-45

Upon de-energizing, the relays failed to
return to the appropriate position and
their normally open contacts failed to
open. A failure analysis concluded that
corresion occurred from chlorine released
from rubber grommets and polyvinyl chloride
sleeving. Gases release also occurred from
varnish on the coil while cont inuously
energized. Chlorine and outgas ing accumu-
lated in the area of the bottom end bell
bearing and caused the mctor shaft to bond
to the bearing.

There is a potential for these relays to
malfunction due to the epoxy compound
becoming semi-fluid when the coil is
energized for extended periods. This
malfunct ion may degrade safety by disabling
or delaying a function. These relays
failed to reset properly after de-
energization because epoxy coil had
softened and flowed into the area of the
return spring causing sticking of the
plunger assembly. Probable cause is
attributed te a poor mixing in the
manufactur ing process.

Yes

Yes

Yes

Yes

Yes

Yes No

Yes No

No
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCTIONAL LOGIC
GENERIC FATLURE MODE(S} FATLURE IMPACT CHANNEL SYSTEM CHANNEL VisualL

— PART NAME IRIP UNITS JYES/NO] | ONMRT | FUNCT I INSPECTION
Trip Unit Rosemount | Rosemount 5100U master and slave trip unit Yes None Yes Yes Yes Yes No
51004, malfunctions and erroneous trip signals (For {For

have been experienced. The reported mal- ECCS) ECCS)
Transistor degrada- | function involves the trip unit sending an
tion erronegus trip output signal without any No No

change in the input signal on the trip {For (For
(SIL No. 520) units trip status indicator. This malfunc- RPS) RPS)

tion is caused by long term degradation of
the trip units output Darlington transistor
(286296 ,08}. The trip output voltage grad-
vally increases from 2ero voits to the
12-18 volits range, even though no trip con-
dition exists. The root cause is formation
of a conductive, hydroscopic residue in the
transistor. As the residue grows with
time, resistive leakage across the transis-
tor eventually becomes large enocugh to
activate trip signal output. failure rate
caused by resistive leakage across the
transistor is 0 48 failure per million
hours of operation, which is below the
design failure rate.

i. In normally deenergized application
{low output} of transistor leakage be-
comes Jarge enough ‘o create an enor-
mous trip signal, it usually is de-
tectable by the annunciator or down-
stream logic.

2. Ir normally energized applications
{high output) the trip output signa!l
can remain high and no trip occurs
even though an actual trip signal
exists.

DRl




¢Z-a

FUNCTIONAL LoGIC
GERERIC FAILURE MODE(S) FATLURE IMPACT CHANNEL SYSTEM CHANNEL VISUAL

o DARY NAME IRIP_UNITS AYES/NO) | ONRT | EUNCTIONAL CAIBRATION FUNCTION CHECK | INSPECTION
Trip Unit Rosemount | The Rosemount 51000 trip units have a Yes None Yes Yes Yes Yes No
5100U. commor: mode failure of two switches namely

$1 in the trip status output, LED Yogic
Switch Failures. circuit and 52 in the trip output logic

circuit, These malfunctions result in open
{It Cir. 80-16) circuits in the cutput logic upen the

reception of an actual trip signal. The

switch (52) failure could result in failure

to automatically activate a safety

funct fon.
Trip Unit Rosemount | [nadvertent trips and unstable trip point Pos- None Yes Yes Yes Yes No
S100U and 7100U. settings have been reported. This condi- sible

R1l Potent iometer .

{SIL No. 488)

tion was traced to the Rli Potentiometer
fatlures. The Rl potentiometer is the
trip point adjustment potent iometer located
on the front of the 510 DU system. Failure
is caused by an accumulation of contami-
nants and/or oxidation on the wiper arm of
Ril causing unstable intermittent changes
in potent iometer settings. High humidity
and temperature conditions can lead to this
problem, since Rl1i potentiometer is
unsealed and oxidation accumulation on the
wiper arm under normal operating conditions
can gcour - the R1l potentiometer has been
sealed for the 710DV system.

1622e~0Q3aN
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS
FUNCTIONAL LOGIC
GERERIC FAILURE MODE(S) FATLURE IMPACT CHANNEL SYSTEM CHANNEL VISuAL
e PART NAME SWITCHES AYES/NO) | ONRT _ | FUMCTIONAL CALIBRATION FUNCTION CMECK | INSPECTION
Barksdale BIT-GH3255 | Mydraulic controi unit (HCU) accumulator Mo Yes No Yes No Yes Yes
pressure switches have actuated below the
Bourdon tube pres- | Technical Specification limits during sur-
sure switch noise. veillance testing due to setpoint drift.
SIL recommends Recalibration of Switches
{SIL No. 4239)
Barksdale T(9622-3 The nitrile rubber O-ring in the switch is Yes Yes Yes Yes Yes No No
Pressure Switch. incompatible with polyphosphate ester
hydraulic eil. Hitrile rubber tends to
(SIL 458 - Rev. 1) soften and swell when exposed teo polyphos-
phate ester oil resulting in piston and
switch maifunction.
Panalarm (Riley) {a} A spurious trip could occur with Riley {a) No None Yeu* No Yes* No No
Mode! 86-86A Mode! 86 and B86A temperature switches if
Temp-Mat ic switches their voltage power supply drops as low as
108 volts when the setpoint is within 6°F
1) Contract of cperating temperature. Mode)l B6B elimi-
chattering, nates this problem by relocating the
grounding jumper points between power
2) Spurious Trip. supply card and the main card.
(* Detected after the trip)
(SIL No. 443 Suppl.) | (b) The burnout protection feature may (b} None Yes Yes No Ko No
continue to chatter. This chattering Yes
caused the contacts to burn or weld
together  Panalarm has eliminated the
problem in Mcdel 868 by modifying the
burnout pretection circuit.

1622£-0Q3N
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——DART MAME

GENERIC FAILURE MODE(S)
_SHITCHES

FUNCTIONAL
FAILURE

[YES/NQ)

IMPACT

LOGIC
SYSTEM CHANNEL

_FUNCTION CHECK

VISUAL
INSPECTION

Static D-Ring
Pressure Switches.

6TA-BA-NX-JJTTXS.

{IE8 87-186)

NAMCO EA}B0

Limit Switches Ele-
vated Temperatures.

{E1 79-28)

The pressure switch set points had drifted
outside tech. spec. tolerances. Investiga-
tions revealed that ammonia present in the
steam lines had interacted with the Kapton
diaphragm of the pressure switch, permeated
it, and formed a bubble between the lamina-
tions of the Kapton diaphragm (fluorinated
stlicone membrane}. it is believed that
the formation of this bubble between the
diaphragm layers caused the set point of
the switch to shift. In ammonia environ-
ment following pressure switch are affected
for mode! numbers beginning with |, 4, 5,
6, 8, 8, 12 and 54. Replaced diaphragms
made of stainless steel do not encounter

this problem.

Yellow and brown “crystal-iike” resin
deposits on the internal components of
NAMCO mode] EALBO stem mounted limit switch
(SMLS) caused it to malfunction. The prob-
lem was traced to a batch of top cover gas-
kets of which some were over impregnated
and insufficiently heat cured. This condi-
tion can leave an uncured residue of
“"Luctite” in the gasket, which vapor izes at
sustained temperatures above 175°F. Prob-
lem has been resclved by a properly heat
curing in the manufacturing process.

Yes None

Yes None

Yes

Yes

Yes No

Yes No

Yes

1622€-0Q3N
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DETECTABLE BY TYPES OF SURVEILLANCE TESTS

FUNCTIONAL LOGIC
GENERIC FATLURE MODE(S) FAILURE ITMPACT CHANNE | SYSTEM CHANNEL VISUAL
PART NAME SWLICHES Aves/wo) | ower | ruscr £ INSPECTION
ITT Barton Model | Process fluid causes a problem when the 0P o None Yes Yes Yes Yes No

Numbers 288, 288A
and 289, 280A.
Differentiail Pres-
sure Indicating
Switch.

Set Point Drift

(SIL No. 10

switch constantly trips with the same read-
ing and water buildup between the DP switch
and the reference will cause different
readings on the test reference. Another
problem occurs when the DP switch isolaticon
valve leaks. This allows the process fluid
to enter the test lines after being
cleared. If possible the test lines should
be appliied directly to the instrument. The
mest common problem with set point drift
unigue to these DP switches has been with
the spring washers and to hold the switch
plate against the back of the DP switch
case, Vendor has devised a new switch
plate locking device that prevents the set
point drift. Vendor recommendations
regarding adjustments can correct the set
point drift,

1622 ~0AQ3AN



: DCTECTABLE BY TYPES OF SURVEILLANCE TESTS

| FUNCTIONAL LOGIC ;
GENERIC FATLURE MODE{S) FALLURE IMPACT CHARBNEL SYSTEM CHANNEL VISUAL j
PART WAME TRANSMITT (YE5/M0) | ONRT | FUNCTIONAL CALIBRATION FUNCTION CMECK | [NSPECTION |
:

Rosemount Models | Five Rosemount model 1153 HOSPC differen- Possible Yes No Yes* Ko Yes* No
1151, 1152, 1153 and | tial pressure transmitters were reported to L
1154 have ms ifunct toned, Operators during power i

operation noted that the signals from the
Transmitter Fail- | Rosemount 1153 tranc »itters were indicating

ures. reduced levels of process noise. Attempts

te recailibrate the transmitters also
{info N 89-42, failed. Destructive testing by Rosemount
Bulletin 90-01, determined that the failures were caused by
RICSIL No. 33) the lcss of oil from the transmitters

sealed sensing module. Silicon oil Jeaks
7 out of the sensing module resulting in
gradus! deterioration and eventual detect-
able failure of the transmitter. Some of
the symptoms that have been cbserved during
operation and before failure include slow
drift in either direction of about 1/4 por-
cent or more per month, lack of response
over the transmitter's full range. increase
in the transmitter's time response, devia-
tion from the normal signal fluctuatione,
decrease in the detectable noise jevel,
deviation of signals from one channel com-
pared with redundant channels, “one sided”
signal noise and slow response to a tran-
. sient or inability to follow a transient.

62-4
162Z€~-0Q3N
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e PART NANE

GENERIC FAILURE MODE(S)
—MUMAC

el

FUNCT1ONAL
FAILURE
AYES/NG)

IMPACT

DETECTABLE BY TYPES OF SURVEILLANCE YESTS

CHANNEL
FUNCT

LOGIT
SYSTEM CHANNEL
1

NUMAC

Low Voltage Power
Supply Reliability.

{SIL No. a98)

Analysis of failed NUMAC low voltage power
supplies (LVPS) have identified one generic
problem and one potentially generic prob-
lem, that can lead to early life failures
of LVPs.

{a) The generic problem results from a
power supply manufacturing problem that
causes early degradation of a capaciter in
the LVPS followed by an abnormally high
drift rate in the -15 VDC voltage in the
NUMAL chassis.

{b) The potentialiy generic probiem
appears to be caused by high voltage tran-
sients on the 120 VAC line supplying power
to the NUMAC chassis. The suspected tran-
sient results in a shorted input diode rec-
tifier bridge in the LVPS. This causes an
LVPS failure, but in some cases also causes
the NUMAC line fuse to open, rendering the
instrument unavailable and defeating the
value of the redundant LVPS in the NUMAC
units.

Brifting -15 ¥OC voltage drift can be cor-
rected by the LVPS internal capacitor.
Shorted bridge caused by transient can be
corrected by replacing the NUMAC line fuse
with a 5 amp slow blow fuse,

Yes

Yes

=

Yes

Yes

Yes Yes

VISUAL

Yes
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PART NAME

Logarithmic Radia-
tion Menitor, Insta-

ble Voltage/ inoper-
ative Trip Circuit.

(SIL No. 245)

1£-4

Logarithmic Radia-
tion Monitor.

Heater Element.

{SIL No. 296)

GENERIC FATLURE MODE(S)

e 106 RAD MONITOR

FUNCTIONAL
FAILURE

instability was encountered in the Loga-
rithmic Radiation Menitor high volt-
age/inoperative trip circuit. Jarring the
instrument or its external cables caused
spurious trips. The cause of the trip
instability resulted from the Logarithmic
Radiation Monitors (LRM) high voitage trip
adjust potentiometer, 890, being set too
close to the operating high voltage The
adjustment procedure used was to adjust RS0
until the front panel WV/Inop. trip light
just came on and then to back off R0 until
the Tight just went out. This prov ided
only a few volts margin between the un-
tripped and tripped states, rendering the
trip circuit subject te spurious operat ion
from jarring the drawer or the cables to
the gamma sensitive [ON chamber. Gf recom-
mendat ions regarding changing the Calibra-
tion procedures for Logarithmic Radiation
Monitor resoives the instability.

Lowest decade calibration of the solid
state Log Radiation Monitor (LRM) has been
difficult to obtain in some units with
their thermostatically controlled heaters
in operation. This is due to reduced leak-
ages resistance of log element UB at ele-
vated temperatures. Calibration with sta-
bilization of LAM resolves this problems.

I

DEIECTABLE BY TYPES OF SURVEILLANCE TESTS

LOGIC
CHANNE SYSTEM CHANNEL
EUNCTIONAL CALIBRATION FUNCTION CHECK
No Yes No No
No Yes No No

VISUAL

———————

Yes

162Ze~0Q3aN
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APPENDIX E
RESPONSE TIME TEST FAILURE EXPERIENCE FROM PLANT SURVEY

This Appendix summarizes for the participating EWRs, how response time
test related failures were identified.

A summary of response time test failures from the participating plant
survey is shown in Table E-1. As indicated in this table, the majority of the
plants have not encountered response time test failures. There have also been
numerous instances of failures detected by other tests which would probably
have resulted in response time test failures if a response time test had been
rerformed. The few cases of exceeding administrative limits and response time
"est failures reported by some plants are described below:

E.1 LASALLE PLANT

LaSalle plant incidents exceeding RTT limits are described in the
following sections.

E.1.1 Technical Specification

A search of LaSalle Plant Deviation Report system yielded two instances
of failed response time tests

(1) APRM Hi neutron flux function in RPS trip logic was determined to
exceed technical specification response time limit by 0.003 second
during routine response time testing. It was determined that
response time of 1C51-Kl relay was slightly longer than the response
times of similar relays while response times of other relays in the
trip channel were within expected limits. The K1 relay was replaced
and test was successfully completed. It is doubtful that this
degradation could have been detected by any other routine test, It
is important to note her: that the response time testing
requirements for this trip function (APRM Ei neutron flux! has not
been exempted. In additicn, this study only exempts the sensor from
response time testing for the three trip functions identified in
Section 5.3.1 of the main report.

(2) The reactor low water level-3 function in RPS/isolation trip logic
was determined to exceed technical specification RPS response time
limit during routine response time testing. Failure was apparently
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E.2 PERRY PLANT

The fellowing failure was repcrted:

(1) A RTT fsilure occurred in the main steam line high flow line break
detection circuit. The response measured time was 0.6 seconds, as
opposed to the allowable 0.5 seconds. The RTT surveillance test was
done jivit prior to calibration. The calibration procedure confirmed
loss of oil with its extended loss of oil check. Had the calibration

been done first, it would have detected the loss of oil prior to
RTT.

E.3 SUSQUEHANNA PLANT

Susquehanna has had one RTT failure exceeding the technical
specifications. While performing the HPCI System sensor/trip relay, E41A-K430
(steam line high differential pressure) failed to actuate within the required
time of 5.0 seconds. This sensor relay includes a 3-second time delay. The
actual response time was 17.838 seconds. The relay was removed and the
contacts were burnished and bench tested. The relay was replaced and RTT was
performed satisfactorily with a time of 3.010 seconds.

The performance of the l8-month logic system functional test would likely
have detected this failure. Had a calibration been performed on this time
delay relay, the excessive time would have been identified during the

calibration. Time delay relays reguire calibration to assure setpoint
accuracy.



Table B-2
SUMMARY OF RESPONSE TIME TEST FAILURES FROM PLANT RURVEY

Grand

River
Srunewick | Clinton | Fermi-2 | Gult i

LaSelle Limerick | Perry | Send | Susquehenna

i

iy

Technical Hone Norw Kone Wone None Nore None Twe Hone Ore None One
Specification
Limite

Sospenent involved
1) Tranamitter 33
2) Switeh )
3) Teip Unit

4) Relay Logic 4 (2) (4)

™

& HOTES: (1) Switch shaft was corroded. RPS switch was replaced. (Calibration not performed prior to RTT)

(2) 1C51-K1 RPS relay response time was slightly longer. (This RPS trip f<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>