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1.0 SUMMARY.

Design Chanpe Package, DCP 243 6926 018J, changes the radiation monitors
used in Engineered Safety Featured Actuation Systems (ESFAS) from a totally
analog design to a predominantly digital design. This Failure Evaluation has
been performed to support the required 10CFRS0 59 safety evaluations to the
DCP and any associated Affected Section Changes (ASC).

The approach used in this evaluation was to analyze a series of single failure
scenarios. No common mode failure was assumed. A software common mode
failure analysis of all the ESFAS radiation monitors is addressed in J-SPA-289,
ESFAS Radiation Monitor Software Common Mode Failure Evaluation®*' A
software common mode failure of the FHIS monitor only is addressed in
J-8PA-279, FHIS Radiat.on Monitor Software Mode Failure Evaluation®®
Hardware, individual software functional modules, communications and power
iosses were considered In all casen, whether by fail safe mechanisms or
redundancy, the safety function wiil be initiated or maintained as necessary to
mitigate safety analysis accident conditions.
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20 PURPOSE.

The purpose of this document is to perform a single failure evaluation on the
safety related radiation monitoring channels being replaced by DCP 2&3-
6926.018J This failure evaluation will aid in determining the impact of these
changes on plant safety and determining whether there are any unreviewed
safety questions.

This document is also intended to confirm that the radiation sensor portion will
respond in a similar manner as shown in the system level UF SAR Section 7
Failure Modes and Effects Analysis (FMEA) Tables as revised by DCP 2&3
6876.018J.
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The objective of this evaluation is to assess the impact of sing'e failures on the
ESFAS radiation monitoring systems and to demonstrate that the protective
functions of these systems are not lost as a result of these railures

The objectives are met by using the following methods:

%

Identitying single mode failures to each sub-system of the
replacement radiation monitor ESFAS.

Analyzing how each failure affects an individual channel operation
and identifying how this failure is identified to the operator

Showing how system function can be maintained with a single
failure

There are ten (10) radiation monitors with a combined total of fourteen (14)
channels that form part of the ESFAS and Containment Leak Detection system
The evaluation is limited to these replacement monitors. The fourteen (14)
channels are

7

Containment Airborne Radiation Monitor channels; 2(3)RE7804G1.
2(3)RE7804P1, 2(3)RE7807G2 and 2(3)RE7807P2

The Fuel Handling Building Monitor Radiation Monitor channels:
2(3)RE7822G1 and 2(3)RE7823G2

The Control Room Intake Air Radiation Monitor channels;
2/3RE7824G1 ard 2/3RE7825G2

This document is not intended to supersede any of the FMEA Tables contained
inthe UFSAR. (Tables 7 3-20, 7 3-22, 7.3-23)
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40 RESULTS/CONCLUSIONS.

41

The Containment Air monitor configuration has the most number of
components; the configurations of the Fuel Hand! g Building and the
Contiol Room monitors are essentially subsets of the Containment Air
monitor. Each control function has a fully redundant monitor performing
the identical function. The redundant monitors are powered from
alternate power sources and therefore are not subject to common mode

power losses. The failure of any single monitor does not prevent the
control function from being performed

Testing of prototype monitors has shown that the electronics are not
susceptible to electro-magnetic interferonces Where shielding failures
occur, EM! can cause comimunication failures The communications
software is designed such that i a communication message fails because
of EMI, the re-trarsmission of the message will automatically ocour
Unless the EMI is continuously broadcast, the re-transmission of the
message will be succe.sful. Where continuous failure of the
communications occur, the operator will be alerted, via the annunciator
panel, that the safety channel has failed

If a detector input signal cabling has faulty shielding, EMI generated in
this location could cause an increase in the ~ount rate measured at the
INPUt. It is expected that, during surveillances. the measured
concentrations in each redundant detector would differ If the EMI effects
were sufficiently large to cause an alarm an isolation or alarm action
would take place erroneously on a single trair. While this incorrect action
may be inconvenient, it would be conservative from a safety standpoint

The ESFAS FMLA tables listed in the UFSAR have been modified by
DCP 283-6926.018). The results from this single failure evaluation are

consistent with the moaified UF SAR FMEA Tables (Section 7) as they
refer to the sensor entries
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50 INPUTS/ASSUMPTIONS.

51

Section 3 of IEEE 279-1971*? requires design bases for each ESFAS

radiation monitor. The design bases for these monitors are contained ir
document DBD-S023-650**

Each monitor is examined primarily based on the input and output failures
of each functional block (Ref Figures 8.1, 8.2, 8.3) within the ... \itor
system. Tests have s"own that the equipment is not susceptible to
Electro-Magnetic Interference (EMI)*'*. In the instances where the
Operation of a monitor could be affected by external EM| as a result of
failures, these failures have been limited lo pulse courniting and
communication interferences The basis for this assumption is that the
probability of cable shielding becomi \9 defective is much higher than the
loss of shielding integrity within a cond.ztive metal housing

Software failures are considered to be undefined design deficiencies that
Occur under circumstances not covered during Val'dation and Verification
(V& V) Testing. The V & V tests aeveloped in accordance with methods
described in References 6.22 and 6. 23, are intended to eliminate
systemic failures. Single failure evaluation is therefore restricted to
Individual software functional modules where failures will not produce
errors in each redundant monitoring channel

The outputs from a failed digital device can be either high =r low. Faileg
analog device outputs (radiation sensors) can be low, open, shorted or in
limited cases, fail high. The bases for using these analog states are

determined from & review of the Circuitry and components used in these
measuring channels

Access to change software critical parameters is password protected
Only personnel with the correct level of authorization can access and
change these parameters It is assumed that this protection process will
limit the possibility of a failure from being introduced either deliberately or
inadvertently at the first three levels of access

Sample pump motor power for monitors 2(3)RE7804G1, 2(3)RE7804P 1
2(3)RE7807G2, 2(3)RE7807P2 2(3)RE7322G1 and 2(3)RE7823G2 is

supplied ‘from a Class 1E Motor Control Center (MCC) (Ref 6 2
Table 2.5)
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Instrument power for monitors 2(3)RE7804G1, 2(3)RE7804P1,
2(3)RE7807G2, 2(3)RE7807P2, 2(3)RE78"71G1 and 2(3)RE7823G2 is
supplied from the vital bus inverters (Ref. 6.2 Table 5).

Instrument power for monitors 2/3RE7824G1 and 2/3RE7825G2 is
supplied from the vital busses (Battery back up) (Ref. 6.2 Table 2.5). No
MCC power is equired since these monitors have no sample pumps.

None of these monitors are required to operate in @ harsh environment
and therefore will not be subjected to excessive integrated radiation
doses high temperatures and pressures or caustic spray conditions.

T" e equipment has been successfully seismically testea to design bases

limits®**. Based on this qualification, the equipment is assumed not to fail
as a result of a seismic event at the plant.
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7.0 GENERAL EQUIPMENT DESCRIPTION.

71

Containment Airborne Radiation Monitor Channels, 2(3)RE7804(
2(3)RE7807G2, 2(3)RE7804P1 and 2(3)RE7807P2.

The Containment Airborne monitors perform multiple functions. The
ESFAS function assigned to these monitors is the alarming and closure of
the Containment Purgs sunply and exhaust valves for both Main and Mini
purges under accident conditions.

The Containment Airborne monitor has bot~ Noble Gas and Particulate
detectors  Only the Noble Gas detector is used as the ESFAS protection
sensor. The function of the Particulate is Reactor Coolant System (RCS)

leanage detection®

A sample of the Containment air is extracted from the Containment Prior
to the sample entering a 7.825 liter sample chamber, Particulate and
lodine activities are removed. The Noble Gas detection system uses a
S¢ ¢ 'm lodide scintillator coupled to a photomultiplier to generate
electrical pulses at a rate proportional to the containment sample activity
disintegration rates

The photomultiplier detector operates with a high voltage (~1000 v~its)
power supply The gain of the photomultiplier is sensitive to changes in
high voltage High voltage control is maintained using the output of an
embedded standard Am-241 source in the Sodium lodide crystal. The
output from this source can Le me. sured separately and used to adjust
the high voltage in order to maintain a constant gain value.

The detector output electrical pulses are shaped, discriminated and
counted in registers for predetermined time intervals. The accumulated
counts per time interval will statistically vary with constant Noble Gas
concentration. A software module averages these values and produces
average count rates in counts per second.

Other software modules convert the averaged count rate into Noble Gas
concentrations using stored calibration values for this conversion The
output is given in uCi/ml. When trip set points are exceeded, alarm status
bits are set. The concentration and status are senally communicated to
both the Local Display Unit (LDU) and to the Remote Display Unit (RDU)
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The particulate channel consists of a Passivated Impregnated Planar
Silicon (PIPS) detector located close to the filter area used to trap the
airborne particulate matter contained in the incoming air stream. The
detector is powerad with a low voltage bias supply (<25 volts) The
activity build up on ‘e filter increases with time until an equilibrium state
IS reached with the decay of the ghort lived Isotopes  The resulting count
rate is proportional to the leak iate of the RCS into the Containment

A secondary PiPS detector measures gamma activity induced from the
background field present around the detector The count rate values
collected from this particulate detector are subtracted from the primary

detector count rates to compensate for garmma backaround count
contributions

The detecte- output electrical pulses are shaped discriminated and
counied in registers for predetermined time intervals The accumulated
counts per time interval will statistically vary for a constant filter activity
The same software module averages these values and produces average
count rates in counts per second

The LDU performs the function of locally displaying Noble Gas
concentration values and alarm status. The RDU has the same functions
as the LDU except for operating resnoteiy. In addition, the RDU operates
relays used to actuate the Containment purge valves

Fuel Handling Building Airborne Monitors 2(3)RE7822G1
2(3)RE7823G2

The Fuel Handiing Building monitors perform an isolation function. The
ESFAS function assigned to these monitors is the alarming and switching
of the Fuel Handling Building flow path into a closed 100p under accident
conditions. Outside air is restricted from entering and all the contained
air in the building is recirculated through a filtration system

15 of 50
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The Fuel Handling Building monitors consist of Noble Gas detectors

This detector is used as the ESFAS protection sentar, This detector
operates by measuring samples of the air at the exit of the building. I rior
to the sample entering a 300 milliliter sample chamber, Particulate and
lodine activities are removed The Noble Gas detection system uses a
Passivated iImpregnated Planar Silicor (PIPS) detector This detector
uses a low voltage bias voltage (<25 volts). The output of this detector
produces pulses proportional to the Fuel Handling Building sample
activity disirtegration rates

A secondary PIPS detector measures gamma activity induced from the
background field present around the detector The count rate values
collected from this detector are subtracted from the primary detector count
rates to compensate for gamma background count contributions

The detector output electrical pulses are shaped, discriminated and
counted in registers for predetermined time intervals. The accumulated
counts per time interval will statistically vary for a constant concentration
A software module averages thess values and produces average count
rates in counts per second

Other software modules convert the averaged count rate into Noble Gas
concentraty 4ing stored calibration values for this conversion. The
output is give. 1 uCi/ml. When trip set points are exceeded, alarm status
bits are set. | . concentration and status are serially communicated to
both the Local Display Unit (LDU) and to the Remote Display Unit (RDU)

The LDU has the function of locally displaying Noble Gas concentration
values and alarm status. The RDU has the same functions as the LDU

except for operating remuiely. In addition. the RDU operates relays used
10 actuate the Fuel Handling Building isolation valves

Control Room Intake Air Monitors. 2/3RE7824G1, 2/3RE7825G2

The Control Room Intake Air monitors perform an air flow path switching
function. The ESFAS function assigned to these monitors is to switch
from a normal single source, recirculated air flow configuration to a
redundant, highly fitered recirculating, emergency mode flow path
Postulated accidents have releases that are drawn into the Control Room
arr system. The monitors are located in the incoming air ducting
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The Control F.aom Intake Air monitors consist of Noble Gas detectors
The detectors operate by directly measuring the air activity in the duct at
the entrance to the Control room The Noble Gas detection system uses
a Sodium lodide scintillator with a photomultiplier. The output of this
delector produces pulses proportional to the inlet duct activity
disintegration rates

The photomultiplier detector operates with a high voltage (~1000 volts)
power supply.  The gain of the photomultiplier is sensitive to changes in
high voltage High voltage coritrol is maintained using the output of an
embedded Am-241 standard source in the Sodiumn lodide crystal. The
output from this source can be measured separately and used to adjust
the high voltage in order to maintain & corstiant gain value

The detector output electrical pulses are shaped, discriminated and
counted in registers for predetermined time intervals The accumiilated
counts per time interval will statisticaily vary with a constant
concentration. A software module averages these values and produces
average count rates in courts per second

Other software modules convert the averaged count rate into Noble Gas
concentrations using stored calibration values for this conversion The
output is given in uCi/ml. When trip set points are exceeded, alarm status
Dits are set. The concentration and status are senally communicated to
both the Local Display Unit (LDU) and to the Remote Display Unit(RDU)

The LDU has the function of locally displaying Noble Gas concentration
values and alarm status. The RDU has the same functions as the LDU
except for operating remotely. In addition, the RDU operates relays used
10 actuate the Control Room Air path valves and dampers
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8.0 SINGLE FAILURE ANALYSIS.

81

Functional Block Diagrams

Figures 8-1, 8-2 and 8-3 show the block diagrams for each ESFAS

mon tor in the system. Functional block diagrams for each of the ESFAS
Menitors were derived from wiring and loop diagrams (Refs. 6.8 6.11.
6.15,6.24 625, 6 26)

The failure modes for each monitor are determined in part, by failures in
the inputs and outputs from each function block  Failures and their effect
on the system are tabulated in Section 84 The analysis is limited to
major components of each nionitor

Equipment Locations

LPUs, LDUs and skid assemblies (where provided), are located at the
process moasurement points (Containment Air samples, Fuel Handling
Building outlet air ducts, Control Ronm intake air duct). The RDU is
located in the Control Room Area. Annunciator windows that are initiated
from High and Fail alarms, are located within the Control Room

System Response

No credit is taken for the isolation of CPIS and FHIS Analysis has shown
that without isolation, accident dose levels to the public will not exceed
10CFR100 limits *¥'-*3* Therefore, the response times of the ESFAS
radiation monitors used to provide isolation are not considered in this
analysis. The CRIS radiation ESFAS monitors are required to isolate

within 3 minutes®? Analysis has shown that these monitors will respond
in less than ? inutes®*
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Tabulated Failure Modes a ' Effects

Failures for each ESFAS system are identified in Tz )les B-1 8-2 and 8-3.
Included in these tables are:

The function of each monitor sub-assembly

The failure mode of the sub-assembly This is the manner in which
the failure presents itself

The failure mechanism of the sub-assembly This is the reason for
the occurrence of the failure mode.

The effect of the sub-assembly/component failure on the system
The method of identifying the equipment failure

The indication to the operations staff of the sub-assembly/
component failure.

The overall effect on the individual channel function

The overall effect on the ESFAS system function

ors W N

® ~
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L CONTROL ROOM AREA
SKID LOCATION

SKID COMPONENTS

Figure 8-1 Block Diagram - Containment Airborne Monitor
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Figure 8-2 Block Diagram - Fuel Handling Building Noble Gas Monitor
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Figure 8-3 Block Diagram-Control Room Nobie Gas Monitor
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NOTE. mcmmmmmam&smmm. Only the
Nouesasmwmm.mmmsw(cmsy Therefore, Table 8 1 will only
mmmmmmuwrmummm.
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Tabile 8 1 Conta'nment Airborne Monitor Singie Failure Evaluation
Component Function 7 aitre Tt Effect on Systesr: Equpment Method of | T~ alons Efect Efect on
dentification M M nange Fabure Detacton Famwe indication | Channel CPIS Systern CPIS
2 wPus2 Serial Link 82 EMI induced | Fausty shieid 7 abed swom Communication Sk DAS sigrm & Nane N
{continued) (cont'd) (Contirmous) communication with watchdog fault RDU wave fault
LDU Loss o ioce
indcation cortro! endt
A
Detector Bias Fall OF 1 Open Circult | Loss of detector signe. Loss of counts fault DAS starm & Loss of sffected None-
Power Supply 2 Short Ciroult No Nobie Gas Irternal o ROU stave fault channe! ESFAS Redundan
concentrafion Supoly voRage test Drotectve chanrwei
iIncicatons ‘a function functionet
Degraded Co trof Ciroult Possible degradatior m Interng: Power DAS siarm & Loes of affected None.
far measured output during Supphy voRage test ROL simve fgd channe ESFAS Secundant
Steacy 8'¥e ‘R Drotective charnel
functior urchonsl
Power Supply | 120 vac 1 OpenChout | Loss of detector signei Commurecation fink u2ra3 Affected channel | CPIS
{Common to fature 2 Short Circut | No Noble Gas waichdog faul Loss | CONTAINMENT | vip Actusfon
LPU LDUS conceniration indication of counts fault. Total | RAD i window
RDU) ROU controi reley fallure of the L PU & RDU = Alarm
changes state from
CLOSED 0 OPEN
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Tabie 8.1 Containment Airborne Monitor Singie Failure Evaluation
omponent Function Fature P ahsre ! Effect on System Equipment Method of | Operations Thect on E%ect on
i niification M. Mechanmm Fadure Detactior “afure Indicson | Channel CPIS Systen CPIS
2 LPUm Acquisition Preampéfier Harowars tio concentration Loss of courts fault DAS slarm & Loss of affacted None.
(continued) % fathare Indicshon ROU siave fmft channel ESFAS Radundst
dgcriminator Drotectve chanmel
‘a7 famction funconsl
Timers fad Hardware
s~Yware falure
Cour ‘ers fall
Software Software
fall ve moduie fais
Memory EPROM, Hardwars Possibie LPU failure CRC 18 checksum DAS stmrm & Loss of sfacted None-
EEPROM, Software ‘allure tow! faul RDU sigve fmuft channe! ESFAS Recungart
Flaer faiure protecive channal
function functions
RAM fall Hardwars, Possibie | PU faiture RAM test faull
Software fahare Operation starm af
Py
Natchdog Timer falhre | Hardware! No indicshon of module Software check DAS starm & Possible loss of None-
fimer Software falhre | ‘siiures assocmted with rdicates falt e RDU siave fautt affected channel | Recundant
main softwars oop & resl ESFAS channe!
time processing proteactive funclions!
function
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Tabie 8.1 Containment Airborne Monitor Single Failure Evaluation
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Component Function 'F‘n Frdure Effact on System Equipment Method of | Operations Effect o0 Effect on
identfication Mo tee Mechans: Faliure Detection Fallure indication | Channel CPIS Systern CPIS
Functon Function
Fault In Harcware, No ingkca.don of Watchdag timer DAL charm & Loss of afecied None-
soft are/ Software fallurs | concentration - idartifie s ROU fault. channel ESFAS Redundant
component communication s processing fault protective channe
2I)RCHTBOLG fathure function functional
1/T1807G2 "
AJNRSATS04G | Serwi Link #1 Fall 1 Short Circult Falled se..o Communication £~ instrument Fall at | Loss of affected Nons-
1/7807G2 2. Open ciroult communication with watchdog fault UZLUT INSTR channel ESFAS Redundant
2(3)RSLTB04G 3 Software LPU R LPUR2 and FAIL winoow 2 arotectve channel
177807G2 faliure LDU  Loss of remote RDU ot of fanciion. functional
Modei No. control of sidd Operate
RMS-2009-SR components from RDU. s
EMI induced | Faulty Shield Degraded sarial Software watchaog None None None I
{intermittent) communication with communicstion .
LPU %2 check sutormaticaidy
inftiates e
fransmission
{Enmm Faulty Shield b zdac carim Communication link Insfrument Fall 2¢ | Loss of affected None-
(Continuous) ocommunication with waichdeg feult U2U3 INSTR channel ESFAS Redundant
LPU R LPU#2 and FAIL ¥indow & prote tive channel
LDU  Loss of remote RDU ot of functicn funcionst
control of skid Dparate
components from RDU_

27 of 50




Southern California Edison
Nuclear Engineering Design Organization

Table 8.1 Containmen: Airborne Monitor Single Failure cvaluation

Component
Identification

=

F aliure
Mo és

Fadure
Mechantsm

Effact on System

£ quipment Mesthod of
Fallure Detection

Operations
Faliure ingication

Effect on
Channel CTPIS
Funr®-n

3 RLU N2
{continued)

High Radation
Atarm Relsy

Fals cod
anergized

Pardedic testing
(24 months)

Loe=s of affected
channal ESFAS

protective
function

Almrms/Control vaives
avtomatically actuatad

Re'ay contacts
change state “om
CLOSED to OPEN

u2U3

CONTAINMENT
RAD Hi waindow
& RDU Hi Alarm

Affected channel
trip

Relay contacts
st~ from
CLOSED to OPEN

u2iu3

CONTAINMENT
RAD HI window
& RDU H! Alarm

Activity
sample flow

DAS alarm &
RDU fault

Loss of affected
channel ESFAS
protective
function

Hestricted
flow

1 Blocked injet
line (Vacuum
switch)

2 Blocked
outiet line
(Pressure sw)
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Table 8.1 Containment Airborne Mo nitor Singie Failure Evaluation

Component
identification

I Function

| Fatlure

Modes

Failure
Mecharvsm

Effect on System

Equipmen' Method of
“adure Detection

Falksre inticaticn

S LDU
AJRUICTACS
177807 -2
Modei No
RMS 9003-SR

Serial Link #1

Fall ON

1. Open circult
2. Short circuit

T aleo seal
communication with
LPUS and LPU 2
Loes of iocal indication
contro! and alarms

Communication link
watchaog fault

DAS siarm &
RDU stave fault

EM! induced
{intermittent}

Degradad serial
communication with
LPU# anc LPUR2

EMI iInduced
{Continuous)

F aulty Shyeld

Fafled serial
communication with
LPU# and LPU #2
Loss of jocal indication,
conirol and alarms
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Table 8 1 Containment Airborne Monitor Single Failure Evaluation

Component Function Falhwe Faflure Effect on Systemn Equipment Mathod of | Operations Effect on Effect on
identification rAodes Mechsnism Faflure Detection Fallure indication | Channei CPIS System CPIS
F unction F unction
S DU Senal Link #2 Fall O 1 Open circuit b adled se lal Cemm nication firnk Instrument Fad at None None
{continued) {cont'd) 2. Shoet circult communication with watchdog fault U2/U3 INSTR
RDU #1 and RDU #2 FAIL window &
Lons of remote control of RDU out of
sikid components from Operate
RDU
EMI Induced | Frulty shield Degraded serial Software watchdog None None None
(intermittent) communication with communicstion
‘DU #1 anc LDU #2 check sutomatically
nftistes e
transmission
EMI Induced Faulty Shield Falled sertal Communication fink instrument Fali st | None None
(Continuous) communication with watchdog fault U2/U3 INSTR
ROU #1 and RDU #2 FANR window &
Loss of remote control of RDU out of
skid components from Operate
ROU
Memory EPRCM Hardware/ Possibie loss of local CRC18 checksum DAS atarm & None None
EEPROM Solwars fallure | indication control and test fault RDU siave fauit
Flash faliure almrme
RAM fall Hardwar e/ Possible loss of local RAM test fault
Software failure indication  control and Opersation alarm

alarms
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Table 8.1 Containment Airborne Moniter Single Failure Evaluation

T

Component
tdentification

p—

Fature
Modes

F allure
Mechantsm

£ fect on System

Equipment Method of
Fature Detection

Operations
Fallu.e indication

S LDbU
{Continued)

E—

6 Skid
2(3)RUT804-1
2(RUTBOT-2

Watchdog
Timer

Timer fallure

Softwars check
indicate fau® alarm

DAS alarm &
RDU siave fault

concantration or
communications Loss
of local indication, control
and slarms

DAS slarm &
RDU siave fau™

Actrvity
sampie
messurement

1. Open circull
2. Shon circuit

Loss of power o LPU
LDU & sample pump

Instrument Fall at
U2U3 INSTR
FAIL window &
RDU out of

Operate

L oss of a-fected
channel ESFAS
protective
function

DAS atarm &
RDU fault

Affected NG
channe! output
may be
inaccurate Trip
function still
avaitabe
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Component Function Fallure Fallure Effect on System Equipment Msthod of | Operations
Identification Modes Mechanism Fallure Detection Fallure Indication
8 Skd Sampis line Pressurs Hardware
{Continued) oufiet pressure | switch falis failure
measurement open
Pressure Hardware
switch fe'ls falture
closed
Sample line Vacuum Hardware
inlet vacuum switch fadis failure
measurement open
Vacuum Hardwarw
switch fails fallure
closed
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1Vle 8.1 Containment Airborne Monitor Single Failure Evaiuat/ ‘1

Component
identif .cation

6 Skid

Fallure
Modes

F afiure
Mechanrism

Effact on Systam

Faflure Detection

F quipment Method of

Operations
Fallure indication

{Continued)

Hardware
fakure

AP fault fiter fat
and sample flow
fauk

DAS slarm &
RDU fault

AP fault and filter
fautt

Low AP
switch falls
closed

Hardware
failure

33 of 50




Southern California Eciison
Nuclear Engineering [)esign Organization

Table 8.2 Fuel Handling Bi “ng Monitor Single Failure Evaluation
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Function Fature Fallure Effect on System Method of Falure Operations Fefhure
Modes Machanism Detection indication
—t
Noble gar Fait Off
concentration
signat
EM! induced
o signai
cable
Serial Link #1 Faill Off A None-
2. Short Ciroulit communication with watchdog fault. U2U3 INSTR channel ESFAS Redundant
RDU FAIL window & protective channe!
RDU out of function functonal
Operzte
EMi induced | Faulty shield. Degraded serial Software wzichdog None None None
(Intermittent) communication with communication
RDU. check automatically
inftiates re-
transmission
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Table 8 2 Fuel Handling Buiiding Monitor Single Failure Evaluation
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Component Function Fabure Fature Effact on System Method of Feiure Operations Fsliure
identification Modes Mechanism Detection Indication
_m

2 LPU Serial Link #1 EMI induced | Faully shield Falled senal
{continued) (cont'd) (Continuous) communication with
RDU
Serai Link #2 Fail Off 1. Open Cikcult | Falled serial
2 Short Cirouit communication with,
LDU. Loss of iocal
indication, control and
aiarms
EMI Induced | Faulty shield Degraded serial
(Intermittant) communication with
LDu.
EM! Induced | Faulty shield. Falied seorial
{Continuous) coOmmUNicawon vAth
LDU Losse of loca!
indicati>n, control and
atarms
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Tcbie 8.2 Fuel Handling Building Monitor Single Failure Evaluation I
i

Component Faliure Failure Effact on System Method of Fallure Operations Fallure | Effect on

tfentificaton Modes Mechanism Detection Indication Channel F HIS
Function

2 LPU Detector Bias Fall On Loss of detector signal Loss of counts fault DAS alarm & ROU | Loss of affected

{continued) Power Supply No Noble Gas Internal Power sinve fault chenne! ESFAS
concentration Supply voltage test protective

indications frult function

Control Ckcutt Possible dsgradation in | internal Power OAS siarm & RDU | Loss of affected |
fall measured output during | Supply voltage test siave faul channa! ESFAS l
fault

steady state protective
function

Power Supply Loss of detector signal Communication fink U27U3 FHB RAD Affected channe!
(Commeon ic No Noble Gas waichdog fault. Loss | Hislarm window & | Trip

LPU LDU S concentration indication | of counts faull Total | RDU HI Alarm
RDU) and control relay  RDU | fallure of the LPU
control relay changes
state from CLOSED to
OPEN

Acquisition Preampiifier No concentration DAS alarm & RDU ; Loss of affected
s f indication s'ave fault chennel ESFAS

protective

discriminator
function

it

Timers fail
Uinecsomes

Counters fall

Softwere
failure
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S

Component
dentification

Table 8 2 Fuel Handling Building Moniter Single Failure Evaluation

Fallure
Modes

|

F asure :
Aechanism

Effect on System

Maeathod of Fafiure
Detection

Operations  aliure

Effect on
Channel FHIS
Functin

2 LPU

{Continued)

3 RDU
2(3)RICTB22G1
2(3RCHTE22G
1
2(3)RSA7822G
1
2(NRSLTB22G

1
'

2{IRICTB23G2
2AMRCHTB23G

-

:‘117‘7‘34":’!{5
2()RSLIB2IG
Mo el No

RMS.-9009 SR

-

f ¢
| EEPROM
Flash fature

Possibie L PU fallure

CRC18 checksum
test fauh

| RAM fail

Hardware/
Software faliure

Possitie LPU fallure

RAM tes! faut
Operation aarm af
LPU

DAS glarm & RDU
simvm fad

Loss of effected
channe! ESFAS
protective
function

Watchdog
timer

Hardwars/
Software fatkye

Software check
Indicates fault Jiarm

DAS atarm 8 RDU
siave fayn

Possible loss of
affectad channe!
ESFAS
protective
function

Processing
Software

——

Senal Link #1

Fault In
SOl iware/
conponent
falhure

———d

Fad

DAS glerm & RDU
fautt

Loss of affectad
channel ESFAS
protective
function

Fatled serial
communication with
LPUL LDU. Loss of
renote control of skic

components from RDU

Instrument Fail at
U2U3INSTR
FAIL window &
RDU out of
Operste

Loss of affected
channel ECFAS
protective
function

-

EMI Induced
{Inteymittent)

Degradeq serial
commu- ication with
LPUS& LDU

None
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Table 8.2 Fuel Handling Building Monitor Single Failure Evaluation

J-SPA-263
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Component Function Fallure Fallure EMect on System Method of Faliure Operations Fafhure
identification Modes Machanism Detaction indication
S . $
3 RDU Serial Link #1 EM! induced Faulty Shield. “alled saria! Communication iink
{continued) (cont'd) {Continuous) communication with watchdog fault.
LPU S LDU. Loss of
remote control of aikid
componernts from RDU
High Radiation | Fails coll 1. Short circult Alarms/Control None
Ajarm Relay energized 2. Sorware fall Dampers cannot
actuste
Fails coll 1. Open Ciroult | Alarms/Control Relay contacts
de-energized | 2 Software fail Dampers automaticalty change ¢tate from
! CLOSED to OPEN
Power 120 vac 1 Open ciroult Loss of hower to High Relay contacts
fallure 2. Short clrouit Radiation Alarm Relsy. | change sthte from
CLOSED to OPEN.
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Table 8 2 Fuel Handling Building Monitor Singie Failure Evaluation

Falure
Mndes

Fallure
Mechanism

Effect on System

Method of Faliure
Detection

Operations Fafure
In“cation

2RUICTB22
G1

2(3)RUICTE23

G2

Model No
RMS-9003-SR

Serial Link #1

1. Open circult
2. Short circult

Communication fink
watohdog fault

DAS alarm 4 DU
sizve ‘aut

EMI Induced
(Infermitient)

EM! induced
(Certinuous)

F alied sena!
communication with
LPU Loss of incai
indication, control and
alarms

DAS starrn & RDU
stave foult

Sertal Link #2

1. Open cirouit
2 Short circult

Failed serial
communication with
RDU  Loss of remote
contrri of the skid

components from the
RDU
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Table 8 2 Fuel Handling Building Monitor Single Failure Evaluation

ES————

Compounent
Identificalon

F unction

Fatiure
Modes

Falure
Mechanism

Effect on System

Method of Faliure
Detection

Operations Fallure
Indication

Effact on
Channel FHIS
Function

4 L0V
fcontinued)

—

Serial Link #2
{cont'd)

-

EM! induced
(Intermittent)

Faulty shieid

Sofiweare wat~hdog
communication
check automatically
' Indth tes re-
transmission

None

None

Falled sarial
communication with
ROU. Loes of remote
control of the skid
components from the
RDU

Communicalion nk
watchdog faul

Instrument F all ot
UZIUI INSTR
FAIL window &
ROU out of

Operste

Memory

-

EPROM
EEPROM
Flash failure

Hardware/
Software fallure

Possible loss of local
indication, control and
alarms

CRC18 checksum
test faun

RAM fail

Possibie loss of local
indication, controd and
aslarms

DAS siarm & RDU
siave 7 4l

Timer falture

No indications of
module fallures
essociated with main
software loop & real
time processing
Possible loss of local
indication control and
alarms

DAS slarm & RDU
siave facht
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Table 8.2 Fuel Handling Building Monitor Single Failure Evaluation

———

Component
identification

Function

Fadure
M des

Fatlure
Mechanism

Effect on System

Method of Faliurs

Operations Fallure
indication

4 LDU
{Contiued)

Fault in

80 hware/
component
fallure

“Hardware/
Software fallure

No indications of
concentration
communications | oss
of local indication
control and alsrms

Watchdog timer
dent'fies a
processing fafiure

DAS siarm & RDU
siave fault

F__,.
5 Sampie
Pump
2(3MP7822
2(3MFP 7823

1 Cpen ciroult
2. Short circut

Loss of sample flow

Noble Gas dstector

continues to measurs
invaid rasidual gas in
sample chamber

instrument Fail of
U2/U3 INSTR
FAIL window &
RDU out of
Operate

Loss of affected
channel FSFAS
pro-oclive
functic

Oegraded sample flow
until sample pump trip
on low suction pressurs
or hign discharpe
pressure
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Component
identification

Table 8 2 Fuel Handling Building Monitor Single Failure Evaluation

Fadure
Modes

Fature
Mechanism

Effact on System

Method of Falture
Detection

Cperations ©allure
Indicstion

8 Sk
2A(3IRUTB22-1
! 2(3)RU78B23-2

Activity
sample

me surament

1. Open clroult

2 Short ol cuit

Operate

DAS alam & RDU
faul

chenne! output
may be
inwoccurste “rip
function siit
avaitatie

Sample line
outiet pressure
measurement

Pressure
switch fails

open

DAS siarm & RDU
fault

Loss of affected
channel ESFAS
proteciive
function

None
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Se——

—

T omponent
dentification

Table 8.2 Fuel Handlir.g Building Monitor Single Failure Evaluation

Fadure
Modes

F athure
tMechansm

Effect 0., Systermn

Meth d of Fallure
Detection

Opearstions © aiure
Indication

8 Skid
{continued)

Sampie line
nlet vacuum
measurement

Vacuum
switch falls

open

Loss of sampie flow
due o sample pump
trip

DAS starm & RDU
fault

Loss of sample pump
trip protachon on
biocked ket flow
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Table 8.3 Control Room Monitors Single Failure Evaluation

Coimponent Falhurs £ fect on System Method of Fafure Operations Fallure EMeact on
idantification d Mecharism Detaction indication Channel FHIS
Function

s

Noble Gas 1. Open Chroutt No Noble Gas LPU senses dstector Loss of affecteg
Detactor 2. Short Ciroult concertration indication channe! ESFAS
23RET82401 3 Detector fall at DU or LDU. No protective
2DNETRSG2 ow abiiity to alarm Indicated by functicn
1. Connection fail
Modei No Loss of counts
SAS-4°29-SR faun

¥ noise collected In

alarm window &

redundant channe!
i slarming

2. LPU Serial Link #1 ’ Inetrument Fail st
273RT7824G1 \ U2U3 INSTR
2IRTT825G2 FAIL window &
RDU out of
Mode! No Opernte
PMS-9042-SR

None
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Component
identification

Dee—————

Table 8 3 Control Room Monitors Single Failure Evaluation

.

Modsse

Falagre
Mecharsm

Effect on System

taethod of Falture
Detection

Operations Failure {-E.‘bdm

Indication

Channe! FHIS
F uncion

TE"ocu:ﬂ

| System FHIS
«unction

2 1PU

{continued)

Sertal Link #1
(cont’d)

EMI Induced
(Continuous)

Faufty shimid

Cormmunication fink
wasirhdog feult

Operate

Loss of affected
channel ESFAS
P Awctive
function

None-
Redundant
channe!
funciional

R
Sera! Link #2

Fallad seriel
communication with
LDU Loss of locat
Indication and alarms

DAS sles,n & RDU
stave fauft

EMI induced
(intermittent)

Dagraded sartal
communication with
LDU

DAS slerm & RDU
siave ‘auk
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Table 8.3 Control Room Monitors Single Failure Evaluation

 SE—

Component
identification

Fadure
Mechanism

Effect on System

Method of Failure
Detection

| |

Operations Fallure
indication

2 LPU
(continued)

Loss of detector signai
No Noble Gas
concentration
inchcations

Loss of counts faur
Internal Powar

Suppty voltage tes!
faut

protective
function

Control Clroult
fail

Possible degradation in
measured output during
steady state

intermal Power

Supply voltage ies!
fault

Loss of affected
channei ESFAS
pritative
fenction

Power Supply
{Common to
LPU LDU &
RDU)

Loss of detector signai
No Noble Gas
concentration indication
and control relay  ROU
control reiay changes
state from CLOSED o
OPEN

warchdog faull Loss
of counts fault

U2/U3 CONTROL
ROOM RAD H!
slarm window &
RDU i Alarm

Affectad channel
Trp

Acqusition

Preampfifier
.1
discriminator
fail

Timers faill

Counters fwl

Software
fallure

No concentration
indication

DAS slarm & RDU
s‘ave jach
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Table 8.3 Control Room Monitors Singie Failure Evaluation

S —

Component
Identification

L

Fadure

Modes

Fallure
Mechanism

Effect o' System

Method of Fafture
Detection

Operations *aliure
indication

Effect on
Channei F IS
Funciion

Effect on
System FHIS
Function

RDU
2BRICTE24G1
23RCHTB24G
1
2/3RSL7824G1
23RICTE25G2
2/3RCH7825G
2

Mode! No
RMS-9009-SR

EPRO.*
EFPROM
Flash fallure

Possible LPU falhure

CRC18 checksum
test fault

RAM fail

Possibie LPU failure

RAM test fault
Operation starm at
LPU

DAS atarm & RDU
stave fault

Loss of affected
channei ESFAS
protective
function

None-
Redundant
channe!
fiinctiona!

23RSLT825G2

No indication .. .nodule
fallures associated with
main software loop &
reci tv . processing

Softwars check
indicates fauk alarm

DAS alarm & RL U
siave fault

Possibie loss of
sffacted channel
ESFAS
protective
function

"

Fault in
software/
component
falkwe

No indication of
concentration or
communications

DAS slarm & RDU
‘auh

Loss of affected
channe! ESFAS
protective
function

Fail

1. Short Circet
2 Open cirouft
3 Software
failure

Falled serial
communication with
LPUR LDV

Instrument Fafl at
UZ/U3 INSTR
FAIL window &
RDU out of
Operate

Loss of affected
channel ESFAS
protective
function

Degraded seral
communication with
LPUR LD

Software watchdog
communication
check automatically
inftintes re-
fransmission

None
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* Table 8.3 Control Room Monitors Single Failure Fvaiuation
Component F unction Fallure Fature Efect on System Method of Faliure Operations Fallwre | Effect on Effect on
Identification Motes Machanism Detaction indication Channui FHIS Systerr FHIS
Ftr'.'ﬂon Function
3. RDU Sertal Link #1 EM! tndriced Faufty Shisid Falled seral Coramunication fink instrument Fail at Loss of affected None-
(continued) {cont'd) (Continuous) Communication with watchdog fauit U2/U3 INSTR channel ESFAS Redundsnt
LPUSR LDV FANR window & protactive channe!
RDU out of function functionai
Operate
High Radiation | Fabs coll 1. Short cirouit Alarme/Control e Periodic " Loss of affected None-
Aarm Relay energized 2 Software fall Dampers cannot {18 month period) channei ESFAS Redundant
actuate protective channel
function functional
Falls coll 1. Open Circult Alarms/Control Relay co- 48 U2/U3 CONTROL | Affected channel CRIS
de-energized 2 Software fall Dampers automatically change .. .ie from ROOM RAD Ht trip actuation
actusted CLO3ED to OPEN slarm window &
RDU H! Alarm
Power 120 vac 1. Open circult Loss of power to High Relay contacts U2/U3 CONTROL Affected channe CRIS
falture 2. Shoxt circuit Radiation Alarm Relay change siste from ROOM RAD HI trip actuation
CLOSED to OPEN alarm window &
RDU HI Alarm
o, o
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Table 8 3 Control Room Monitors Single Failure Evaluation

Component
identification

Fafture
Mechanisir

Effect on System

Method of Fatiure
Detectic

)

Operations Fadure
indication

4 LDU
23RUICT824G

'
'

23RUVICTR25G
Model No
RMS-9003-SR

Serial Link 91

1. Open cirout
2. Short circuit

Communication link
watchdog fault

DAS alarm & RDU
siave fsuit

Falled seria!
communication with
LPU. Loss of local
indication and alarms

DAS slarm & RDU
siave fault

Serial Link #2

Fail Off

Failed serial
communication with
RDU

instrument Fail at
U2IU3 INSTR
FAIL window &
RDU out of

Operate

None
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Table 8.3 Control Room Mo, ..!ors Single Failure Evaluation ]
Component Function Fallure Faliure Effect on System Method of Fallure Operations Fallure | Effect on Effect on
ident fication Modes Mechanism Detection Indication Channel FHIS System FH'S
F unction Function
=
4 LDU Serial Link #2 EMI induced Faulty shisid Falled serial Communication link Instrument Fall at None None
{Continued) {cont'd) ({Continuous) communication with watchdog fault U2/U3 INSTR
RDU FAIL window &
RDU out of
Opeyate
-
Memory EPROM Hardware/ Possibie loss of local CRC18 checksum DAS slarm & RDU | None None
EEPROM Software fallure | Indicstion and slarms test fault =lave fsult |
Flash falhure !
RAM fail Harowars/ Possible ioss of .ocal RAM est fault
Software fallure I’ cation and alarms Operation siarm
Waichdog Timer faliure Hardvare/ No indications of Software check DAS alarm & RDU | None None
Timer Software fatiure module fallures Indicates fault alarm siave fault
associated with main
software icop & real
time processing
Fossible loss of local
indication and slarms
Processing Fault in Hardwars/ No indications of Watchdog timer DAS slarm & RDU | None None
Softwars software/ Software fallure concentration or idantifies & siave faut
componesnt communications. Loss processing fallure
‘alture of local indication and
siarms

50 of 50




ENCLOSURE 10
NUCLEAR CONSOLIDATED DATABAS!

SELECTED DOCUMENTS

Documents include

Loop 2FT0202 Rev. | Loop 2FT0212 Rey Loop 2FT1011 Rev. O
oop 2FT1021 Rey Field Change Notice Loop 2LTI1113-1 Sheet 1/Rev. |
"( \\‘ } i<\“"1‘ ‘('\‘\ U
Loop 2LT1113-2 Sheet 1/Rey Loop 2 i-3 Sheet 1/Rev. | Leop 1113-4 Sheet 1/Rev. |
oop 2LT1123-1 Sheet 1/Rev. |  Loop 2LTI -2 Sheet I/Rev. 1| Lnop 23-3 Sheet 1/Rev. 0
YUN ABG-7982 Rev. 0 Loop -4 Sheet 1/Rev. 0 DCN ¢
Loop 2LT 5852-1 Rev. | Loop 2 5853-2 Rev. 2 Loop 2LT93 |
CN F6840) FCN 5§ ) Loop 21
FCN 7052) 1

Loop 2 3-1 Sheet 1/Rev. | Loop 2P 13-2 Sheet 1/Rev. |

Loop 2PT1013-3 Sheet I/Rev. 0 Loop 2PT1013-4 Sheet 1/Rev. | Loop 2PT1023-1 Sheet 1/Rey
Loop 2PT1023-2 Sheet 1/Rev. 0 oop 2P 110233 Sheet 1/Rev. 0 Loop 2PT1023-4 Sheut 1/Rey
oop 2ZRE7820-1 Rey 0op 820-2 Rev. 0 I

‘ield-generated Interim Design
Change Notice (FIDCN; J-5825
Loop 21.27820-2 Rev. 0 BEFORE Loop 7820-2 Rev. 0 AFTER Loop 2RE7828C Rey
Loop 2RE7845 Rev Loop 2RE7848 Rev. oop 2RE7850 Rev  (
oop 2/3RE7851 Rev . | Loop 2RE7865A1 Sheet 1/Rev. 0 oop 3F
oop 3FTO212 Rey oop 3FT1011 Rev ( CN

i“.)i-\ { 121 ,{\\\ C'N S$676 ] Loop 3

Loop I 1113-2 Sheet [/Rev. | | oop ILTI113-3 Sheet |/Rev. | Loop 3 ¢t 1/Rey
Locp 3LT1123.1 Sheet 1/Rev. | Loop 3LT1123-2 She. 1/Rev. | Loop 3LT1123-3 |/Rey
LOOp il [1123-4 Sheei |/Rey | N ABG-7991 Rey
Loop 3LT5853-2 Rev. | IDCN J-$598
186-1 Rey | 1 F6849) FS148)
189-2 Rev. 2 ! F7054)

I Sheet 1/Rey 3PTI013-2 Sheet 1/Rey
1013-4 Sheet 1/Rev. ¢ PT1023-1 Sheet 1/Rey
)

i Sheet 1/Rey ' ) 3PT1023-4 Sheet 1/Rey

20-2 Rey FIDCN J-582¢ oop IRE7820-2 Rey BEFORFE
820-2 Rev AFTER Loop JRE7828C Rey ' ‘
RE7848 Rey Loop 3RE7850 Rev

g Diagram-Control Building-PPS Cabinet 2L& 31
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