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The following DFSER open item, No. 7.1.3.3-1, while not on the list of items to be
included in this submiual, has been added because it is referenced as the source of
closure documentation in several of the other DFSER open and confirmatory items.

DFSER No. 7.1.3.3-1 (OPEN)

ISSUE

a. Development and review of generic ITAAC and DAC, including computer
(software development and setpoint methodology).

One channel SSLO prototype.

SSLC Tier 1 design description, ITAAC/DAC.

ITAAC for setpoints will require a plant-specific analysis in accordance with RG
1.105.

¢. Comuaitment to RG 1.152 and ANSI/IEEE ANS-74.8.2 not sufficient

an T

CLOSURE

A new document, Tier 1 Design Certification Maternial for Instrumentation and
Control, ITAAC Section 3.4, has been prepared. The outline of the basic structure of
this document was submitted to the NRC for placement on the docket on March 26,
1993. Completed sections on equipment qualification (EQ) and setpoint methodology
were submitted the latter part of April. A complete version of the total document will
be submitted by the latter part of May,

This document takes an integrated software and hardware approach to safety-related
1&C development and also discusses non-safety-related aspects of software
development. The document combines material previously developed for ITAAC and
DAC (SSLC, software development, and eleciromagnetic compatibility) with new
sections covering setpoint methodology and equipment qualification. The Tier 1
material for software development, setpoint methodology and EQ is supported by Tier
2 commitments to specific methods and standards (incorporated into the SSAR as
Appendix 7B).

e 9 1.8 (C)
ISSUE

Revise SSAR text and figures to indicate that turbine inputs 1o SSLC are not
multiplexed.

CLOSURE

a. SSAR Section 7.2 revised (see attachment).

b. Marked-up figures are attached: Figures 7.2-2, 7.2-9a, 7.29b. Additional changes
shown are hardwired MSIV position switches and deletion of seismic acceleration
sensors (not applicable to domestic ABWR design).
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ISSUE
a. Revise Figure 7.A.2-1 in Appendix 7A 1o show direct hardwired inputs into DTM.
b. Revise SSAR 1o reflect accurate listing of sensors that use EMS.

CLOSURE
a. Revised Figure 7.A.2-1 1s attached, showing hardwired inputs.
b. Revised listing of EMS sensors (April 1993) is auached.

DFSER No. 7.2.2.5-1 (CNFM)

ISSUE

a. All STS equipment will be qualified as part of SSLC.

b. STS for all safety systems other than SSLC must also be Class 1E.

CLOSURE
The shaded paragraph after the foliowing paragraph in SSAR Section 7A.7 is added:

All programmabie digital equipment utilized for safety-related functions are
qualified in accordance with safety criteria and with the safety system design basis
with which they interface.

Self-est or self-diagnostic features of this equipment, whether impleme:
hardwar ftware, are considered an integral part of the design and,
DFSER No. 7.2.6-1 (OPEN)

ISSUE

a. Common-mode failure potential of ABWR software.
b. GE to complete review of LLNL diversity study.

CLOSURE

GE's position continues 1o be that the very low common-mode failure probability of the
simple ABWR protection system software, in conjunction with a design basis
accident, is adequately backed up by sysiem level diversity inherent in the plant
design. GE believes that the hardware and software development, test, and
qualification methodologies and acceptance criteria presented in the 1&C Design
Certification Material (see reply to DFSER No. 7.1.8.3-1) will result in a highly reliable
protection system. Specifically for RPS, however, there are several alternate diverse or
hardwired methods of scram outside of the software logic, including ARI, manual
scram, and ATWS mitigation, as presently discussed in the SSAR.

See the following item, DFSER No. 7.2.6:2, for the specific closure of this issue.
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DESER No. 7.2.6-2 (OPEN)

ISSUE

a. Diversity and defensc-in-depth (Jack of design details).

b. Chapter 15 analyses completed by GE; stated that GE design has adequate defense-
in-depth and diversity; stafl should consider probability of events and allow credit
for use of RSS.

CLOSURE

GE's inital analysis of Chapter 15 accidents ook credit for feedwater control being
available to the operator for makeup after complete common-mode failure of SSLC or
the essential multiplexing system. A succeeding analysis was prepared at NRC
request taking credit only for availability of CRD flow and one condensate pump for
operator action. Following submittal of this analysis on February 26, 1993, additional
studies were requested by NRC staff 1o bound the time available for operator response to
each of the accident conditions considered previously, also assuming the same
equipment availability. These studies arc in process and will be submitted in early
May. The results of these studies will close this issue.

DFSER No_ 7264 (OPEN)
ISSUE
Simplicity of SSLC and EMS software; GE to provide supporting analyses.

CLOSURE

At this stage of safety-related 1&C development there will always be a question of
software reliability no matter how simple the proposed software is shown to be,

mainly because of the common-mode failure issue. However, as a result of the LLNL
common-mode f{ailure study and other discussions with NRC staff, GE has committed
to the following plan:

a. Produce an integrated hardware/sofltware development program as described
in the 1&C Design Certfication Material submittal (DFSER No. 7.1.3.8-1)

b. Commit to provide a set of hardwired displays and controls (DFSER No. 7.2.6.-3)

¢. Complete the common-mode failure analyses (DFSER No. 7.2.6-2), which
support the inherent diversity provided by both the safety-related and non-
safety-related systems.

Thus, GE believes that additional analyses of software simplicity are no longer
relevant and will be of no benefit in closing this issue; the DFSER items mentioned
above will close this issuc.

ISSUE

a. Software metrics 10 be used 1o track error rates during software development (COL).

b. Software metric commitment to be included in Tier 1 ITAAC (CNFM).

c. Commitment to software safety hazards analysis, sneak circuit analysis, timing
analyses (OPEN).

e e e e L R e
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CLOSURE

a. COL action item for software metrics 1o be included as Section 7A 8 in Appendix
7A of SSAR.

b. Confirmatory commitment for software metrics included in 1&C Design
Certification Material discussed in DFSER No. 7.1.3.3-1. Tier 2 material for SSAR
(Appendix 7B) also submitted.

¢. These commitments should also be a COL action item for the same reasons as
item a.; i.e., technology in these areas will change over time and must be specified
by the final software vendor at the time of software design. These items will be
included in Section 7A.8 of Appendix A. A general commitment to special
analyses for safety-critical software is made in the Tier 1 1&C Design Certification
Material discussed in DFSER No. 7.1.3.3-1.

DFSER No. 7.2.8-2 (CNFM)
ISSUE
Commercial dedication of software in safety systems

CLOSURE

This issue is resolved in the SSAR in Appendix 7B, the Tier 2 material developed to
support the I&C DCM (see DFSER No. 7.1.3.3-1) by a commitment to the proposed
ANSI/IEEE standard P 74.3.2, “Standard Criteria for Digital Computers Used in Safety
Systems of Nuclear Power Generation Stations,” that will replace ANSI/IEEE-ANS-7-
4.3.2-1982, “Application Criteria for Digital Computers in Safety Systems for Nuclear
Facilities.” The proposed standard covers commercial dedication of third-party
software and the use of commercial software tools for safety-related applications.

As stated in the proposed standard, the dedication process requires the inclusion of the
requirements that the commercial software shall meet in the verification and
validation (V&V) and configuration management plans. The requirements shall
address the similarity of the nuclear and non nuclear applications. Additionally, the
requirements shall describe the aspects of the commercial software which
demonstrated that the software has the high quality required. Both complete software
designs and partial designs (operating systems) are covered by the dedication process.

Also as stated in the proposed standard, commercial software development tools
become part of the software configuration management process, and are controlled by,
but are not formally certified through, the V&V program. These tools can include, but
are not limited 1o, compilers, debuggers, software documentation programs, and
testing tools. The software 100ls are not required 1o be verified and validated as safety
software. A tool will be indirectly verified, first by prior knowledge of its extensive
usage in operational industrial applications, and, second, through the formal
verification process, where the results of code generation are checked by an
independent team of reviewers against design requirements and performance
specifications at cach stage of software development. Eventually, testing of the
integrated software and hardware combination is performed as part of the final
validation process.

Ot PO Rl W S

P L ————

B e i M



g Y T

ISSUE
Report errors in commercial tools to end user (10 be included in ITAAC/DAC).

CLOSURE
Commitment has been included in 1&C DOCM discussed in DFSER No. 7.1.3.3-1.

DFSER No. 7.2.85 (CNFM)

ISSUE

a. Commit 1o maintain temperature rise of 15 °C (27 °F) in SSLC equipment.
b. State qualification temperature margin for SSLC equipment in SSAR.

CLOSURE
a. The response to RAI 420.92 (SSAR Amendment 9, page 20.3-242) is revised as
follows:

“... a thermal analysis will be performed at the circuit board, instrument and panel
design stages. The heat release by internal panel components shall not raise the
internal temperature of a panel to greater than 15 °C (27 “F) above external ambient
temperature of the equipment room for electronic components within a chassis or
within any printed circuit card file structure. Convective cooling ..."

b. While GE has agreed to state the limits on internal panel temperatures in the SSAR
(see item a. above), GE believes that, for equipment qualification, only a
commitment to the temperature margin required by IEEE-323 is required in the
SSAR. While GE has shown that its safetyrelated, microprocessor-based
equipment is tested at temperatures far beyond the guaranteed maximum operating
temperature, the exact requirement should be determined after analyses are
performed at the time of actual design and after the equipment to be used has been
selected. GE has already committed in the SSAR to perform thermal analyses at
the circuit board, instrument, and panel level, and 10 take other steps as necessary
to ensure proper equipment operation at the stated maximum temperature of 50 °C
(122 °F). Note that we have also commitied to the use of low power semiconductor
technologies and low stress design techniques. The possible occurrence, stated in
the DFSER, of local hot spots in new digital chip designs is a concern of the vendor
who must design and qualify the design to the functional specifications. The
integration and validation testing and the equipment qualification pro
described in the 1&C Design Certification Material (see DFSER No. 7.1.8.3-1) is
designed to uncover such design problems.

The response 10 RAT 420.92 (SSAR Amendment 9, page 20.3-242) is revised as
follows:

*... shall include adequate margin to ensure that this condition can be met under
extreme conditions. The minimum margin shall be as stated in IEEE-323, Section
6.3.1.5. Additional margin will be determined by thermal analysis of the installed
equipment area.”



JESER No. 7.3.2-1 (CNFA

ISSUE

Resolve discrepancy between use of term auxiliary supporting features for part of the

safety system logic unit (SLU) function shown in Figure 1 of the EMS/SSLC Interface
Requirements Specification and the use of only the term SLU in the SSAR and Tier 1
descriptions.

CLOSURE

An carly alternative considered for SSLC design was the sirict separation of primary
ESF functions (i.e., ECCS and LDS) and auxiliary supporting features (e.g., Diesel
Generator, Flammability Control System, Reactor Service Water) by using separate
instrument channels within a division. However, because there are interfaces
between the primary systems and auxiliary supporting systems, a different allocation
of system functions was applied in the final design, where functions are primarily
separated by whether they are used o support high pressure or low pressure injection
features of ECCS. The term SLU is used correctly in the SSAR and Tier 1 descriptions.
The figure and text of EMS/SSLC Interface Requirements Specification, 23A6327 (MPL
A3%2-4080) will be changed at the next revision 10 climinate all uses of the terms
auxiliary supporting features (ASF) and auxiliary supporting features logic unit
(ALU).

DFSER No. 7.4.1.4-1 (CNFM)

ISSUE

Clarify in SSAR that Remote Shutdown System is totally separate and independent
from SSLC and the Essential Multiplexing System (E Mb)

CLOSURE
Section 7.4.1.4.4(1) of the SSAR is revised as {ollows:

Actuation of the transfer devices mterrupts the connection to the RMUs and
Lransfers control to the remote shutdown system. Transfer of control completely
isolates all functions of SSLC and EMS from RSS. The analog, hardwired
instrument loops of RSS directly operate the actuated devices under manual control
of the operator at the RSS panels. Displays at the RSS also give direct hardwired
indication to the operator from the sensors.  All necessary power supply circuits ..."

2.1.15-%
ISSUE
EMI sensitivity of safety computer systems to plant communications equipment to be
in ITAAC.

CLOSURE:

A commitment 10 a test program for checking se nsitivity of safety-related computer

components to communication transmitters and receivers is included in the 1

DCM discussed in DFSER No. 7.1.8.3-1. The SSAR, in Section 7A.2 of Appendix 7A,

contains a2 commitment to use ANSI/IEEE €C37.90.2-1987, “IEEE Trial-Use Standard,
‘ithstand Capability of Relay Systems to Radiated Electromagnetic Interference from

Transceivers,” to develop this test program,

T = R S S
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7.2.1.1.4 RPS Equipment Design

The RPS s designed to provide reliable single-failure-proof capability to automaucally
or manually miuate a reactor scram while maintaining protection against unnecessarv
scrams resultng from single failures. This is accomplished through the combinaton of
failsafe equipment design and redundant two-out-of-four and one-out-of-two-twice
scram logic arrangement. All equipment within the RPS is designed to fail into a tnp
minaung state on loss of power or input signal. In conjuncuon with this, tnp initaung
logic signals to and within the RPS are asserted low whereas trip bvpass logic signals and
trip bvpass permissive logic signals are asserted high.

7.2.1.1.4.1 General RPS Equipment

The RPS equipment is divided into four redundant divisions of sensor (instrument)
channels, trip logics and tnp actuators, and two divisions of manual scram controls and
scram logic circuitry. The sensor channels, divisions of trip logics, divisions of trip
actuators and associated poruons of the divisions of scram logic circuitry together
consutute the RPS scram and air header dump (back-up scram) automatc inigatgon
logic. The divsions of manual scram controls and associated portions of the divisions of
scram logic circuitry together constitute the RPS scram and air header dump manual
nitauon logic. The automatic and manual scram initatnon logics are independent of
each other RPS equipment arrangement is shown in Figure 7.2-2.

(1) Sensor Channeils

Equpment within a sensor channel includes primarily sensors (transducers or
switches), multiplexers and digital trip modules (DTM’s). The sensors within
each channel monitor plant variables discussed in Section 7.2.1.1.4.2 and send
either analog or discrete output to remote multiplexer units (RMS's) within
the associated division of essential multiplexing system (EMS). Each division
of EMS performs analog to digital conversion on analog signals and sends the
digital or digitized analog output values of all monitored variables to the DT™
within the associated RPS sensor channel. The DTM in each sensor channel
compares individual monitored vanable salues with Uip setpoint vaiues. and
for each variable sends a separate, discrete (trip/no mp) output ngna! to all

four divisions of trip logics. Le ©Lmarsk of o focakin. »‘ the wrevala
pror RS Sovnk SEanSEr )q‘ﬁ e 2 fMdlAu '.(J z/i&; 9 e AL ‘:Tr”’}

All equipment wu:hln a sensor channel is powered from the same division of
class 1E power source. However, different pieces of equipment mav be
powered from separate DC power supplies. Within a sensor channel sensors
themselves mav belong to the RPS or may be components of another system.
Signal conditoning and distribuuon performed by the RMU’s is a funcuon of
the EMS and is discussed in Secton 7A.2.

Reactor Protection (Trip) System—(RPS| instrumentation and Controls
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(2)  High Reactor Pressure

(3) Low Reactor Water Level (Level 3)

(4) High Drywell Pressure

{3) Main Steam Line Isolauon

(6) Low Control Rod Drive Charging Header Pressure
(7) High Main Steam Line Radiation

- VTST.Nﬂi Bh SEISHIIE QE"."I-F‘ «(,;
(9) Turbine Stop Vaive Closed

P T 5,
(10) Turbine Control Valve Fast Closure e s from T
T i i b ,Loy

(11) Operator iniuated Manual Scram

The svstems and equipment that provide trip and scram initaung inputs to the ijo;r
- ”M' v «— these conditions are discussed in the following subsectons. With the exceptuon

the " 4ues,) NMSand PRRM %l of these svstems provide sensor outputs through the EMS. Analog
b to digital conversion of these sensor output values is done by EMS equipment. NMS and

PRRM m‘p si are provided directly to the RPS by NMS and PRRM trxp logic units.

Sesrser S A ..p,.w.A Fha Trrdiea w/ wg P /Wu rtJl A,l 15« Fo Pin 'ﬂ"’

(1) Neutron Monitoning System (NMS)

Each of the four divisions of neutron monitoring system (NMS) equipment
provides separate, isolated, bistable source range monitor (SRNM) trip and
average power range monitor (APRM) trip signals to all four divisions of RPS
rip logics (Figure 7.2-5).

(a) SRNM Trip Signals

The SRNM's of the NMS provide trip signals to the RPS to cover the
range of plant operation from source range through start-up range 1o
about ten percent of reactor rated power. Three conditons monitored
as a function of the NMS comprise the SRNM trip logic output to the
RPS. These conditions are upscale, short period and SRNM inoperauve.
The specific conditon within the NMS that caused the SRNM wip
output is not detectable within the RPS.

(b) APRM Trip Signals

The APRM’s of the NMS provide trip signals to the RPS to cover the
range of plant vperation from a few percent to greater than reactor

Reactor Protection (Trip) System-—(RPS) Instrumentation and Controls 728
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e parated locapons by

| pressure) vansducers. Each
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the DTM in one of the §
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anag msgument are

Drvwell pressure is measured at four phvsicallv separated locatnons by

ocailv mounted pressure tras sducers. Each transducer 1s on a separate

Main Steam Line Isolaton (Figure 7.24

Each of the four main sieam l'nes can be isolated bv closing either the
inboard or the outboard isolanon valve. Separate position switches on
both of the isolation vajves ;;af pnéuf the main steam lines pr ovide
bistabie output through the EMS 16 the DTM in one of the four RPS
sensor channels. Each main steam line is associated with a different RPS

sensor channel. The main steam bine isolatuon valves and posiuon

switches are components of the NB

| Rod Drive (CRD) Svstem (Figure7.2-6

2T - - ! 2 ) o y . v > 3
a CRD Charging Header Pressure CRD charging header pressure 1s
measured at four phwsically separated locauons by localh mounted

Resctor Protection (Trip) System—(RPS) Instrumaeniation and Controis
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(4)

(6)

J (a) Scmmc Ae{mtv (Figure 7.2-7) i e e R

pressure transducers. Each transducer 1s on a separate mstrument line
and provides analog equivalent output through the EMS (o the DTM in
one of the four RPS sensor channels. The pressure ransducers and
instrument lines are components of the CRD svstem.

Process Radiation Monitoring System (PRRM) (Figure 7.2-6)

{a) Main Steam Line Radiagon

Main steam line radiation is measured by four separate radiauon
monitors. Each monitor is posiioned to measure gamma radiation in all
four main steam lines. The PRRM then provides a separate bistable
output to the DTM in each of the four RPS sensor channels. The
radiation monitors and associated equipment that determine whether
or not main steam line radiavon is within acceptabie limits are
components of the PRRM.

OLherSvstems ,
~ e

e

Seismic acuvity ndctcctcd by four separate sets of thre¢ accclerauon B

switches. Each set of switches provides reactor building bottom L
horizontal acceleration, bommd acceleranon and top horizontal ..‘
acceleration bistable cutput throughdxe EMS to the DTM in one of four |
RPSsemm channels. : - e

Reactor Protecnon Smem (ﬁgure 7.2:3)

(a) Turbine Stop Valve Closure

Turbine stop valve closure i is de detected by separate valve stem position
switches on each of : % . Each posinon switch
provides bistable output gt wt.he DTM in one of the four
RPS sensor channels. The turbine stop valves are components of main
turbine, however the position switches are components of the RPS.

(b) Turbine Control Vaive Fast Closure

Two separate conditions monitored by the RPS are indicauve of turbine
control valve fast closure. These conditions are fast acting solenoid valve

closure and low hydraulic trip system oil press ing solenoid
valve closure is detected by separate mu:hcs(n the fpur valves.
Each position switch provides bistable output to the

DTM in one of the four RPS sensor channels. Low hydraulic trip svstem
oil pressure is detected by separate pressure switches on each of the four

Reactor Protection {Trip) System-—(RPS) Instrumentation and Controle 7.2-7
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mwbine conuol valve hydrailici Jﬁﬁ'fﬂs Each pressurc switch
provides bistable output shfong e EMS 10 the DTM in one of the four

7 7.1.1.4.3 RPS Logic

The combination of division trip, scram, reset and bypass logic that make up the overall
RPS logic is shown in Figure 21.7.2-2. Each divisiou trip logic receives trip inputs from
all four sensor channels and NMS divisions and provides a sealed-in trip output to the
scram logic when the same trip condition exists in any two or more sensor channeis or
NMS divisions. At the division trip logic level various trips and trip initiating conditons
can be bypassed as described in the following subsections. The scram logic will inivate
a reactor scram when a trip condition exists in any two or more division trip logics. At
the scram logic level no bypasses are possible.

7.2-8

RPS sensor channels. The fastacting soterioid valves and urbine control
valve hydraulic mechanisms are components of the main turbine,
however the positon and pressure switches are components of the RPS.

Manual Scram

Two manual scram switches and the reactor mode switch provide the
means to manually iniuate a reactor scram independent of conditions
within the sensor channels, divisions of trip logics and divisions of trip
acruators. Each manual scram switch is associated with one of the two
divisions of actuated load power.

In addivon to the scram initating variables monitored by the RPS, one
bvpass initiaung variable is also monitored.

Turbine First Stage Pressure

Turbine first stage pressure is measured at four physically separated
locations by locally mognmdp[mutt wransducers. Each pressure
transducer is on a Separate ins \bm line and provides analog
equivalent outpunhroﬂ?ﬁ u; the DTM in one of the four
sensor channels. Within the RPS div[nons of trip logics this variable

forms a bypass component of the turbine stop valve and turbine control
valve closure trip logic.

(1) Channel Sensors Bypass

A separate, manual, keylock switch in each of the four divisions provides
means 1o bypass the collective trip outputs of the associated sensor channel.
The effect of the channel sensors bypass is 1o reduce all four division trips 1©
a coincidence of 'wo out of three tripped sensor channels. Interlocks between
the four divisions of rip logic prevent bypass of any two or more sensor

Reactor Protectior (Tripl System-—(RPS) instrumentation ang Controls
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A high reactor pressure tip will occur in each division of tnip logie when

reactor pressure 18 above the tnp setpoint in any two or more unbvpassed
sensor channels. There are no operating bvpasses associated with this uip
funcuon.

Low Reactor Water Level Trip (Figure 7.2-6)

A low reactor water level rip will occur in each division of trip logic when
reactor water leve! is below the trip setpoint in any two or more unbvpassed
sensor channels. There are no operaung bypasses associated with this oip
funcuon.

High Drvwell Pressure Trip (Figure 7.2-6)

A high drywell pressure trip will occur in each division of trip logic when
drvwell pressure is above the trip setpoint in any two or more unbypassed
sensor channels. There are no operating bypasses associated with this trip
funcuon.

High Main Steam Line Radiation Trip (Figure 7.26)

A high main steam line radiaton trip will occur in each division of trip logic
when a main steam line radiation trip condition exists in any two or more
unbypassed sensor channels. There are no operating bypasses associated with
this trip function.

“Reactor Bmldmg lﬁgh&egnmc Aclmty Trip (F’xgure 7 2-7) T o vy

A high seismic activity trip will occurin eg;:hdiﬁnon of trip logic when e:nhcr

reactor building bottom horizonsal or vemql acceleraton or building top
horizontal accelenugnr‘tugh in any two or moieugbypn-ed sensor
channels. There are no operating bypana associated with this rip fnncuon

(5) Manual Scram

A sealed-in manual scram of all HCU's and associated control rods will occur
when both manual scram pushbuttons are armed and depressed or when the
reactor mode switch is placed in the shutdown position. Depressing only one
armed scram pushbutton will result in 2 sealed-in half scram (de-energizauon
of one division of actuated loads). The scram initiatng input received from
the mode switch shutdown contacts is automatically bypassed after a sufficient
time delay (10 sec) to allow for scram seal-in and full insertion of all control
rods.

Reactor Protection (Trip) System-~(RPS) Instrumentation and Controls 72M
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7.2.1.1.4.4 Redundancy and Diversity

7.2-12

A separate. manual, pushbutten switch in each of the four divisions provides
means 10 manuallv uip all tip actuators in that division. This sealed-in division
manual uip s equivalent to a sealed-in automauc trip from the same division
of tnp logic. An alternatve manual scram can be accomplished bv depressing
anv two or more of the four division manual tip pushbuttons.

(6) Reset Logic

A single, manual, three posiuon, toggle switch provides means (o reset the
manual scram seal-in circuitry in both divisions of manual scram controls. If
either of the manual scram pushbuttons is sull depressed wher™l reset is
attempted, the reset will not have anv effect.

A separate, manual pushbutton associated with each division of trip actuators
provides means to reset the seal-in at the input of all trip actuators in the same
division. If the conditions that caused the division trip have not cleared when
a reset is attempted, the reset will not have any effect After a single division
trip, reset is possibie immediately; however, if a full scram has occurred. reset
is inhibited for 10 seconds to allow sufficient ame for scram completon.

As a consequence of a full scram the CRD charging header pressure will drop
below the trip setpoint resuiting in a trip initating input to all four divisions
of trip logic. While this condition exsts reset of the manual scram circuuy is
possible; however, the four divisions of trip logic cannot be reset until the CRD
charging pressure trip is manually bvpassed in all four divisions and all other
trip initiaung conditions have cleared.

Instrument sensing lines from the reactor vessel are routed through the drvwell and
terminate inside the containment Instruments mounted on instrument racks in the
four quadrants of the reactor building sense reactor vessel pressure and water level from
this piping. Valve position switches are mounted on valves from which position
information is required. The sensors for RPS signals from equipment in the turbine
building are mounted locally. The four batterv-powered inverters and divisional 1200 7 '50"
VAC power suppliers for the SSLC and RPS are located in an area where they gan 87 s
serviced during reactor operation. Sensor signals (via the multiplex networ 1 fﬂ:’,
power cables are routed to four SSLC cabiness (in which RPS components are locatcd)‘ : W
in the divisional electrical compartments. One logic cabinet is used for each division. -

The redundancv portions of the RPS have physically separated sensor taps, sensing
lines, sensors, sensor rack locations, cable routng, and termination in four separate . "
panels in the control room. By the use of four or more separate redundant sensors for
each RPS variable with separate redundant logic and wiring, the RPS system has been

Reactor Protection (Tripi System—(RPS) Instrumentation anc Controis



ABWR RESPONSE To DFSER 7.1.1-3 23A6100AF
Standard Plant

i Y
2ot 5’:’ b Qﬂﬁj
= ol TiiA
-— 1 4 e
g: % D gig
8y LB - T g'
i E?J e i T?§ i b
e LR T REE B R
: : !&
L # | @ i
%& o 0
4
{4 ¥
5 g ; ddd
>3 1771 i 3} &
g g f 19343
£ KAk | (bbb
. ma D
A
EFRE
g %:}} ‘%"{"} ‘ig
b é ‘;i‘ i
43 + i
g: 5 &l : i ii !i
i ¥ iﬁ§,

lf ! fgigh f g

!u B O

Figure 7.2-2 REACTOR PROTECTION SYSTEM EQUIPMENT ARRANGEMENT
(From sensors through trip actuators)
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7A2 MULTIPLEXING SYSTEMS

NRC Regquest (1): Provide a complete list of

components (pumps, valves, etc.) whose actuation,
interlock, or status indication is dependent on the
proper operation of each Class 1E multiplexer,

Response (1): The list (as of February 1989) is
provided as Table 7A.2-1. It was obtained by

extraction from the multiplexer 1/0 database which
reflects information available on the current system
P&ID and IBD drawings.

NoTe: A mn./ // af ‘&z of A/n/ 439
how 'q/w
NRC Request (2): For thc ponents cited above,
describe the means of remote or local control (other
than by cutting wires or jumpering) that may be
employed should the multiplexer fail.

Response (2): All Class-1E multiplex hardware is
designed to meet the single failure criteria. Systems
which employ such bardware have redundant
channels such that no single failure of any MUX unit
could jeopardize any safety system action. In
addition, local control is provided, via the remote
shutdown system, to bring the reactor to shutdown
conditions in event of multiple safety system failures
or evacuation of the control room. The remote
shutdown system is hard-wired and therefore
provides diversity to the MUX interfaces.

NRC Request (3): Describe the multiplexer
pre-operational test program.

Response (3): The pre-operational test program will
test the multiplexers concurrently with
instrumentation and control functional loop checks.
As each input to a remote multiplexing unit “RMU)
is simulated using a suitable inpu’ ict the
required outputs shall be verified ¢ 4 this
manner all hardware and software are confirmed
concurrently.

Equipment verifications of the individual
multiplexing units are performed at the factory and
typically include detailed component level tests which
require special test apparatus and technical
expertise. Any malfunctions not found during
factory testing will be detected during
pre-operational tests of instrument loops.

Amendment 22

23A6100AF
Rev. B

Testing shall include instrument loop checks,
calibration verification tests and response time
verification tests as described in ANSI/IEEE
Standard 338. If possible, the entire instrument loop
shall be tested from sensor to output device(s).
Otherwise, suitable input devices shall be used to
simulate process inputs and the system outputs
verified to be acceptable.

In addition to the testing described above, tests shall
be developed to verify system redundancy and
electrical independence.

,1 l‘!f M d“‘?‘ 2-1.

NRC Reguest (4): Describe the test and/or

hardware features employed to demonstrate fault
tolerance to electromagnetic interference.

Response (4): One major deterrence to

electromagnetic interference (EMI) in the
multiplexing system is the use of fiber optic data links
as the transmiséion medium. Optical fiber, being a
non-¢lectrical medium, has the inherent properties of
immunity to electrical noise (EMI, RFI, and
lightning), point-to-point electrical isolation, and the
absence of conventional transmission line effects.
Fiber optic multiplexing is also unaffected by the
radiated noise from high voitage conductors, by high
frequency motor control drives, and by transient
switching pulses from electromagnetic contactors or
other switching devices.

However, the electrical-to-optical interface at the
transmitting and receiving esds must still be
addressed to ensure complete immunity to EMI. The
control equipment containing the electrical circuitry
use standard techuiques for shielding, grounding, and
filtering and are mounted in grounded equipment
panels provided with separate instrument ground
busses. Panel location, particularly in local areas, is
carefully chosen to minimize noise effects from
adjacent sources. The use of fiber optic cables
ensures that current-carrying ground loops will not
exist between the control room and local areas.

The use of redundancy provides the other major
deterrence to EMI effects. The safety-related
multiplexing system uses redundant optical channels
within each separated electrical division, The

TA.2-1
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS

(In order of device - rteading top to bottom)

DEVIC DIV DESCRIPTION DEVICE DIV DESCRIPTION
821-5003A 1 AD CHECK VALVE 821-¥019 1 MO GLOBE VALVE
B21-¢0038 2 AD CHECK VALVE B21-¥020 i MO GLOME vALVE
821-F008A ! NO GLOBE VALVE (MSiv) B21-F516 1 M0 GLOBE VALVE
821-F008A 2 NO GLOBE VALVE (MS1v) 821-L7001A4 1 LEVEL TRAMSMITTER
821-F0088 1 NO GLOBE VALVE (MSIV) B21-LT00 2 LEVEL TRANSHITTER
821-F0088 2 NO GLOBE VALVE (MSIV) B21-L1001C 3 LEVEL TRANSMITTER
821-F008C 1 NO GLOBE VALVE (MSIv) 821-L70010 & LEVEL TRANSMITTER
821 FOD8C 2 NO GLOBE VALVE (MSIV) B21-L70028 LEVEL TRANSMITTER
B2'-F008D 1 NO GLOBE VALVE (MS1V) B21-L70028 2 LEVEL TRANSMITTER
821-F0080 Z NO GLOBE VALVE (MSIV) 821-L7002¢ 3 LEVEL TRAKSMITTER
821-F009A 1 NO GLOBE VALVE (MS1V) 821-L7003&4 1 LEVEL TRANSMITTER
B21-FO09A 2 WO GLOBE VALVE (MSIV) B21-L70038 2 LEVEL TRANSMITTER
821-F0098 1 MO GLOBE VALVE (MS1V) B21-LT003C 3 LEVEL TRANSMITTER
821-F0098 2 NO GLOBE VALVE (MSIV) 821-LT003%0 & LEVEL TRANSHITTER
821-F009C 1 KO GLOBE VALVE (MSIV) #21-L10038 1 LEVEL TRANSMITTER
821-FO09C 2 NO GLOBE VALVE (MSIV) B21-L7003F 2 LEVEL TRAMSMITTER
821 -FOOW 1 NO GLOBE VALVE (MS1V) 821-L7003¢ 3 LEVEL TRANSMITTER
821-FO0S0 2 WO GLOBE VALVE (WS1V) B21-L70034 & LEVEL TRANSMITTER
821-F010A 1 SRV/ADS VALVE B21-LT0064 LEVEL TRANSMITTER
B21-F00A 2 SRV/ADS VALVE B21-LT0068 2 LEVEL TRANSMITTER
821-F0108 3 SRV/ADS VALVE 21-punA3l 9 POSITION SWIYCH
821-F0108 3 SAFETY RELIEF VALVE §21-P08A30 POSITION SWITCH
821-F010C 1 SRV/ADS VALVE g21-po8811 2 POSITION SwiTCH
B21-F010C 2 SRV/ADS VALVE B21-pOSRiC 2 POSITION SWITCH
821-F0100 1 SAFETY RELIEF VALVE B21-POSB21I 2 POSITION SWITCH
821-FO10€ 2 SAFETY RELIEF VALVE B21-P08820 2 POSITION SWITCH
B21-FO10F 1 SRV/ADS VALVE 821-POSB31I 2 POSITION SWITCH
821-FOV0F 2 SRV/ADS VALVE [ FARL . 3 POSITION SWITCH
821-#010C 1 SAFETY RELIEF VALVE g21-poSCYl 3 POSITION SWITCH
B21-FOT0M 1 SRV/ADS VALVE s21-p08C0 3 POSITION SWITCH
B21-FO10K 2 SRV/ADS VALVE B21-posC2! 3 POSITION SWITCH
821-#010K 3 SRV/ADS VALVE 821-P08C20 3 POSITION SWITCH
B21-F010J ] SAFETY RELIEF VALVE szi-po8C31 3 POSITION SWITCH
B21-F010K 1 SAFETY RELIEF VALVE g21-POSCI0 3 POSITION SWiTCH
821-F010L 1 SEV/ADE VALVE g21-P08011 4 POSITION SWITCH
821-F010L 2 SRV/ADS VALVE 821-P08010 4 POSITION SWITCH
B21-F010L 3 SEV/ADS VALVE §21-P08D21 4 POSITION SWITOM
B21-¥010M 3 SAFETY RELIEF VALVE B21-PCED20 4 POSITION SWITCH
B21-FOT0M 1 SEV/ADS VALVE 821-POSD3I 4 POSITION SWITCN
B21-FOT0R 2 SRV/ADS VALVE s21-pOSDN0 4 POSITION SWITCH
821-FOV0P 1 SAFETY RELIEF VALVE $21-P010114 3 POSITION TRANSMITTER
B21-FO10R 1 SRV/ADS VALVE 821-pOT0118 3 POSITION TRAMSMITTER
B21-F0108 2 SRV/ADS VALVE 821-POTOYIC 2 POSITION TRANSMITTER
B21-¥0108 2 SAFETY RELIEF VALVE $21-p0T0110 1 POSITION TRANSHITTER
§21-£0107 1 SRV/ADS VALVE 821-POTOYYE 2 POSITION TRANSMITTER
821-F0107 2 SRV/ADS VALVE B821-POTO1IF 1 POSITION TRANSMITTER
821-F100 3 SAFETY RELIEF VALVE g21-POT011G 1 POSITION TRANSMITTER
8215011 1 HO GATE VALVE 821-P0T01 M 3 POSITION TRANSKITTER
B21-F012 z MO GATE VALVE g21-p01011y 2 POSITION TRANSMITTER
821-F018 1 MO GLOBE VALVE g21-POTOIK Y POSITION TRANSMITTER



821-20T011L
821-901011m
821-POTOYIN
821-POY0VIP
B21-PCTOYIR
821-P0T0118
8219010117
821-P0T011Y
B21-PT007A
821-PT0078
B21-PTO07C
821-PT00T
821-PT0084
821-270088
B21-PTO08C
B21-PTDOS
B21-PT025A
B21-970258
821-P7025¢C
B821-270250
BZ1-PTO28A
821-P70288
B21-P1028¢C
821-PT0280
821-PT301A
B21-973070
B21-PT301C
821-P73010
821-TEQ12A
821-TE0128
821-TED12C
B21-TEQ13A
821-TEC13R
B21-TEO1AC
821-TEQY4AA
821-TEOYSR
821-TEDYLC
B2'-TED19A
B21-TEQ'SR
B21-TEO20A
821-TED208
B21-TEO21A
821-TEO218
821-TEO22A
B21-TEO2ZE
B821-TEG23A
821-TEO23R
B21-TEQZ4A
B21-TED24E
£12-0005001

e =

- F wN

LIST OF EQUIPMENT
(In order of device

Ceneral Electric Companv

DESCRIPTION

POSITION TRANSMITTER

POSITION TRAKSMITTER
POSITION TRANSMITTER
SOSITION TRANSHITTER
POSITION TRANSMITTER

POSITION TRANSMITTER

POSITION TRANSMITTER
POSITION TRANSMITTER

PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS
PRESS

TRANSM|TTER
TRANSMITTER
TRANSMITTER
TRANSH]TTER
TRANSMITTER
TRANSMITTER
TRANSM | TTER
TRANSMITYER
TRANSMITTER
TRANSHITTER
TRAWSMITTER
TRANSMITTER
TRANSMITTER
TRANSHITTER
TRAWNSM]TTER
TRANSMITTER
TRANSHITTER
TRANSHITTER
TRANSMITTER
TRANSKITTER

TEMP ELEMENT

TEMP ELEMENT
TEMP ELEMENT
TEWP ELEMENT
TEWP ELEMEXT
TEWP ELEMENY
TENP ELEMENT
TEP ELEMENT
TEWP ELEMENT
TENP ELEMENT
TEWP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMERT
TENP ELEMENT

FMCRD 34-43 A QUAD

CEVICE

£12-0005001
£12-0005002
€12-0005002
£12-D005S003
£12-0005003
£12-D00S004
£12-0005004
£12-000500%
£12-000%00%
€12-D005006
£12-0005006
£12-0005007
€12-D005007
€12-000%5068
¢12-0005008
£12-D00S00%
€12-0005009
£12-0005010
€12-0005010
£12-0005011
£12-0005011
£12-0005012
£12-0005012
€12-0005013
£12-D00%013
£12-0005014
€12-0005014
€12-000501%
€12-0005018
C1Z2-0005016
C12-0005016
€12-0005017
£12-000%017
£12-0005018
£12-0005018
c12-0005019
€12-0005019
C12-0005020
€12-000%020
£12-0005021
£12-0005021
C12-000%022
£12-0005022
€12-0005023
£1Z-0005023
€12-0005024
£12-0005024
£12-0005025
€12-000502%
£12-0005026

DIV
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ERFACE WITH ESSENTIAL MUX SIGNALS
reading top to bottom)

Page
DESCRIPTION
FMCRD 34-63 A QuAD
FMCRD 54-59 A GUAD
FMCRD 54-59 A QuAD
FMCRD 38-19 C QuAD
FMCRD 38-19  C SuAD
FMCRD S0-59 A QUAD
FMCRD 50-59 A QUAD
FMCRD 38-35 A QuAD
FMCRD 38-35 4 Quar
FMCRD $4-3%  C QUAD
FMCRD 54-35  C QuAD
FMCRD 34-23 € QUAD
FMCRD 34-23 C Quad
FMCRD 50-55 A QUAD
FMCRO 50-55 A QUAD
FMCRD A2-4T A QUAD
FMCRD 62-47 A QUAD
FMCRD 38-31 C QUAD
FMCRD 38-31  C QUAD
FMCRD S8-35 € QUAD
FMCRD S8-3% € QUAD
FMCRD S8-47 & SUAD
FMCRD S8-47 & QUAD
FMCRD 42-27 € QUAD
FMCRD 42-27 C QUAD
FMCRD 54-6T7 A QUAD
FMCRD S4-47 A QUAD
FMCRD 46-63 A QUAD
FMCRD 46-63 A QUAD
FMCRD SO0-S1 A QUAD
FMCRD S0-51 A QUAD
FMCRD 46-59 & UAD
FRCRD 46-59 4 Qual
FMCRD 42-23  C QUAD
FMCRD 42-23 C Ul
FMCRD 38-27 C QUAD
FMCRD 38-27 C QUAD
FMCRD 38-55 A QUAD
FMCRD 38-55 A QUAD
FHCRD 34-67 A QUAD
FMCRD 34-67 A QUAD
FMCRD 26-07 B QUAD
FMCRD 26-07 8 QUAD
FMCRD 38-03 € QUAD
FMCRD 38-03  C QUAD
FRCRD 10-43 D QUAD
FMCRD 10-43 D OQUAD
FMCRD 42-35 A QUAD
EMCRD 42-35 A QUAD
FMCRD 14-91 B QUAD
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
(In order of device reading top to bottom)

DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTION

£12-0005026 2 FMCRD t4-11 B QUAD C12-D00S0SY 2 FMCRD 26-15 B QUAD
£12-0005027 FMCRD 54-51 A QUAD £12-0005052 1 FMCRD S4-19 C SUAD
£12-0005027 2 FMCRD 54-51 A QUAD c12-000S052 2 FMCRD 54-19  C QUAD
£12-0005028 1 FMCRD 34-39 D QUAD £12-D0050%3 1 FMCRD 50-23 C QuAD
£12-0005028 2 FMCRD 34-39 O QUAD €12-00C5053 2 FNCRD 50-23  C QUAD
£12-0005029 1 FMCRD 3419 C QUAD £12-D005056 1 FMCRD 66-35 € QUAD
£12-D005029 2 FNCRD 34-19 € QUAD £12-D00S0%4 2 FMCRD 66-35 ¢ QuAD
£12-0005030 1 FMCRD 10-19 8 QUAD £12-D00S0%S FMCRD 06-39 D QuAD
C12-D00SO3C 2 FMCRD 10-19 B QUAD £12-00050%8 2 FMCRD 06-39 O QUAD
€12-D00S031 1 FMCRD 30-23 8 QUAD C12-D005056 1 FMCRD 66-3% A QUAD
£12-0005031 2 FMCRD 30-23 8 QUAD £12-0005056 2 FMCRD 66-39 A QUAD
£12-0005032 1 FMCRD 22-47 D QUAD €12-D00S0ST 1 FMCRD 06-51 B QUAD
£12-0005032 2 FMCRD 22-47 D QUAD £12-000S057 2 FMCRD 06-31 8 QUAD
£12-000S033 1 FMCRD 56-31 € QUAD £12-0005058 1 FMCRD 58-51 A QUAD
£12-0005033 2 FMCRD S&-31  C QUAD C12-0005058 2 FMCRD SE-51 A QUAD
£12-000503& 1 FMCRD 06-47 D QUAD C12-00050%9 1 FNCRD 58-23 C ouAaD
€12-0005034 2 FMCRD 06-47 D QUAD C12-000505¢ 2 FHMCRD S8-23 C QUAD
£12-000S03S 1 FMCRD 22-19 8 QUAD C12-0005080 1 FMCRD 34-27 C QUAD
€12-0005035 2 FMCRD 22-19 8 QUAD £12-0005060 2 FNCRD 36-27 C QUAD
£12-D00S0C36 1 FMCRD 34-43 D QUAD C12-0005081 1 FMCRD 22-27 B QUAD
€12-D00503& 2 FMCRD 34-43 D QUAD C12-0005081 2 FMCRD 22-27 @ QuAD
£12-0005037 1 FUCRD S0-31 C OuUAD £12-0005062 1 FMCRD S0-43 A QUAD
€12-0005037 2 FMCRD 50-31 C QUAD €12-0005062 2 FMCRO 50-43 A QUAD
€12-D005C38 1 FMCRD 42-19 € QUAD £12-0005063 1 FMCRD 38-51 & QUAD
£12-D00S038 2 FMCRD 42-19 © QUAD C12-0005063 2 FMCRD 38-51 A QUAD
£12-0005039 1 FMCRD 30-19 B QUAD C12-0005064 1 FMCRD SB8-3Y  C QUAD
£12-0005039 2 FMCRD 30-19 8 QuAD C12-0005064 2 FMCRD 58-31  C QUAD
£12-0005040 1 FMCRD 38-67 A QUAD £12-000506S 1 FMCRD 14-27 8 QuAD
£12-D005040 2 FHCRD 38-67 A QUAD €12-D005065 2 FMCRD 14-27 8 QUAD
C12-0005061 1 FMCRD 46-47 A QUAD €12-0005066 1 FMCRD S0-47 A QUAD
C12-D00S041 2 FMCRD &&6-47 A QUAD £12-00050686 2 FNCRD S0-47 A QUAD
€12-0005042 1 FMCRD 42-59 A QUMD £12-0005067 1 FMCRD 38-47 A QUAD
C12-0005042 2 FMCRD 42-%9 A QUAD c12-0005067 2 FMCRD 38-47 A QUAD
C12-0005043 1 FNCRD 26-3% D QuAD £12-000%5068 1 FMCRD 46-5% A QUAD
C12-0005043 2 FMCRD 26-39 D QUAD C12-0005068 2 FMCRD &6-5%5 A QUAD
£12-0005044 1 FMCRD 42-91  C QUAD €12-D00%069 1 FMCRD 26-27 B QUAD
C12-0005044 2 FUCRD 42-11  C QUND C12-000%06% 2 FMCRD 26-27 8 QUAD
C12-D00504S 1 FRCRD 46-1%  C QUAD c12-0005070 1 FMCRD S8-55 A QUAD
C12-D00%04S 2 FUCRD &6-15 C QuaD c12-000%070 2 FMCRD S8-55 4 QUAD
C12-000%048 1 FRCRD 34-31  C QuAD £12-000%077 1 FUCRD S8-39 A OQUAD
C12-0005046 2 FHCRD 34-31  C Guad c12-p005071 2 FRCRD 58-39 A QUAD
C12-D00S047 1 FHCRD 10-1% B QUAD c12-0005072 1 FMCRD 38-11 T QUAD
C12-0005047 2 FHCRO 10-15 B QUAD c12-000%072 2 FMCRD 38-11 T QUAD
C12-0005048 1 FHCRD 46-3% A QUAD £12-D00S073 1 FMCRD 42-31 € QUAD
C12-D00S048 2 FNCRD 46-35 4 QUAD c12-0005078 2 FMCRD 4231 C QUAD
C12-0005049 1 FHCRD 46-19 € QUAD C12-0005074 1 FMCRD 26-11 B QUAD
C12-0005049 2 FMCRD 46-19 © QUAD C12-000507¢ 2 FMCRD 26-11 B QUAD
£12-0005050 1 FMCRD $8-27 © QUAD €12-000507% 1 FHCRD $0-95  C QUAD
C12-00050%0 2 FMCRD 58-27 C QUAD ¢12-000507% 2 FMCRD 50-1S  C QUAD
C12-0005051 1 FMCRD 26-15 8 QUAD £12-000S076 FMCRD 34-15 8 QUAD
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
(In order of device reading top to bottom)

DEVIC DIV DESCRIPTION DEVICE DIV DESCRIPTION

£12-D00%076 2 FMCRD 34-15 8 QUAD c12-000%101 2 FMCRD 62-23 C QUAD
c12-000%077 1 FMCRD 3843 A QUAD £12-000%102 1 FMCRD 10-<%1 D QUAD
£12-0005077 2 FMCRD 38-43 A QUAD c12-000%102 2 FMCRD 10-51 D Quap
£12-0005078 1 FMCRD 22-43 D SUAD C12-000%103 1 FMCRC 34-51 D QuAD
€12-0005078 2 FMCRD 22-43 D QUAD C12-000%103 2 FMCRD 34-51 D Quad
£12-0005079 FMCRD 58-43 A QUAD £12-0005104 1 FMCRD 14-47 D QUAD
£12-000%07% 2 FMCRD S8-43 A QUAD C12-000510& 2 FMCRD 4-47 D QUAD
C12-0005080 1 FHCRD 14-59 D QUAD C12-000%105 1 FMCRD 62-27 C QUAD
£12-0005080 2 FMCRD 14-59 D QUAD c12-p00S108 2 FMCRD 62-27 € QUAD
£12-0005081 1 FMCRD 42-18 C QUAD £12-0005106 FMCRD 26-55 O ouaD
C12-0005081 2 FMCRD 42-15 C QUAD c12-0005106 2 FMCRD 26-55 O QUAD
£12-0005082 1 FMCRD 18-23 B QUAD €12-0005107 1 FMCRD 30-03 8 QuAD
£12-0005082 2 FMCRD 18-23 8§ QUAD €12-0005107 2 FMCRD 30-03 8 QuAD
£12-0005083 FMCRD 42-43 A QUAD c12-0005108 1 FMCRD 10-47 O QUAD
c12-p005083 2 FMCRD 42-43 A QUAD C12-0005108 2 FMCRD 10-47 D QUAD
C12-0005086 1 FMCRD 06-3% D QUAD C12-000%109 1 FMCRD 10-39  © QUAD
£12-0005084 2 FMCRD 06-35 D QUAD C12-D00%109 2 FMCRC 10-39 U QUAD
C12-0005085 FMCRD 42-5Y A QUAD £12-000%110 1 FMCRD 26-35 B QUAD
£12-0005085 2 FMCRD 42-51 A QUAD £12-0008110 2 FMCRD 26-3% 8 UMD
C12-0005088 FMCRD 18-59 © QUAD c12-000%111 1 FMCRD 22-07 8 OQUAD
C12-0005086 2 FMCRD 18-59 D QUAD C12-0005111 2 FMCRD 22-07 & QUAD
¢12-0005087 1 FMCRD 42-07 € QUAD £12-0005112 1 FHCRD 46-39 A QUAD
€12-0005087 2 FMCRD 42-07 € QUAD c12-0005112 2 FMCRD 46-39 A QUAD
£12-0005088 1 FMCRD 14-43 D QUAD c12-0005113 1 FMCRD 38-63 A QUAD
c12-p00S088 2 FMCRD 14-43 D QUAD €12-0005113 2 FMCRD 38-63 4 QUAD
c12-0005089 1 FMCRD 18-35 D OUAD c12-0005114 1 FHMCRD 34-59 & QuAD
£12-D005089 2 FMCRD 18-35 D QUAD C12-0005114 2 FMCRD 34-59 A QUAD
£12-000S09C 1 FMCRD 26-31 B QUAD C12-000511% 1 FMCRD 30-43 D QWD
€12-0005090 2 FMCRD 26-37 § UWD c12-000811% 2 FHCRD 30-43 D QuUAD
C12-0005091 1 FHMCRD 46-5' A QUAD €12-0008116 1 FMCRD 62-35 C QUAD
£12-000509Y 2 FMCRD &6-51 A QUAD c12-00081%6 2 FMCRD 62-3% C QURD
c12-D00S0S2 1 FMCRD 22-11 B QUAD c12-000%117 1 FMCRD 22-3% 0 QUAD
ci2-000%092 2 FMCRD 22-11 8 OUAD c12-0005117 2 FMCRD 22-39 D QUAD
£12-0005093 1 FMCRD 22-5% D QUAD C12-0005118 1 FMCRD 42-63 A QUAD
£12-000%093 2 FNCRD 22-5% D QuAD C12-D00%118 2 FMCRD 42-63 A QUAD
C12-00050% FNCRD 22-%9% 0 QUAD c12-0005119 ¢ FMCRD 46-11  C QUAD
C12-00050% 2 CRD 22-59 D QUAD c12-000%119 2 FMCRD 46-11 C QUAD
£12-000509% 1 FHCED 26-43 D QUAD C12-000%120 1 FMCRD 46-27 C QUAD
£12-0005008 2 FNCRD 26-63 D QUWD c12-0005120 2 FMCRD 46-27 C QuaD
€12-0005096 1 FHCRD 14-23 8 GUND C12-000%121 1 FMCRD 30-35 8 QUAD
£12-0005096 2 FMCRD 14-25 8 QUAD c12-0008121 2 FMCRD 30-35 8 QuAD
£12-0005097 1 FMCRD 22-35 & QUAD c12-000%122 1 FucRD 38-07  C QUAD
C12-0005097 2 FMCRD 22-35 8 WAD c12-0008122 2 FMCRD 38-07 C QUAD
c12-p00S098 1 FMCRD 30-27 8 QUAD £12-0008123 1 FMCRD 18-27 B UMD
C12-000509¢ 2 FMCRD 30-27 & UND c12-000%123 2 FMCRD 18-27 B QUAD
C12-0005099 1 FRCRD 34-11 B QUAD £12-0005124 1 FMCRD 42-47 A QUAD
£12-0005099 2 FMCRD 34-11 & QUAD c12-000%12¢ 2 FMCRD 42-47 A QUAD
£12-D00S100 1 FMCRD 18-47 D QUAD c12-0005125 1 FMCRD 34-07 & QUAD
C12-000%100 2 FMCRD 18-47 D UAD c12-000%12% 2 FMCRD 34-07 B QUAD
C12-0005101 1 PMCRD 6223 € QUAD C12-000%126 1 FHCRO 62-31 C QUAD
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SICNALS

(In order of device - reading top to bottom)

DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTIO!

£12-0008126 2 FMCRD 62-31 C QUAD €12-0005181 2 SMCRD 26-51 D QUAD
C12-0005127 1 FMCRD 06-23 B QUAD £12-0005152 1 FMCRD 10-35 © QUAD
£12-0005127 2 FMCRD 06-23 B QUAD C12-0005152 2 FMCRD 10-35 D QUAD
€12-000128 1 FMCRD 46-31 C QUAD £12-0005153 1 FMCRD 30-07 & QUAD
C12-0008128 2 FMCRD 46-31  C QUAD £12-0005183 2 FMCRD 30-07 8 OQUAD
£12-0005129 1 FMCRD 10-31 B OUAD €12-0005156 1 FMCRD 30-31 8 QUAD
£12-0005129 2 EMCRD 10-31 8 QUAD £12-0008156 2 FMCRD 30-31 8 QUAD
C12-0005130 1 FMCRD 62-43 A QUAD £12-000%15% 1 NCRD 18-5) 0 QUAD
C12-0008130 2 FMCRD 62-43 A QUAD £12-0005155 2 FMCRD 18-51 O GUAD
C12-0008131 1 EMCRD 30-55 D QUAD C12-0008156 1 FMCRD 18-39 0 QUAD
c12-0005131 2 FMCRD 30-55 D QUAD £12-0005156 2 FMCRD 18-39 O SUAD
ci12-0005132 1 FMCRD 26-43 D QUAD C12-0005157 1 FMCRD 14-55 D SUAD
£12-0005132 2 FMCRD 26-43 D QUAD €12-000S187 2 FMCRD 14-55 D QUAD
£12-0005133 1 FMCRD 14-35 D QUAD £12-0005158 1 FMCRD 30-39 D QUAD
€12-0005133 2 FMCRD 14-35 D QUAD C12-0005158 2 FMCRD 30-39 D OUAD
€12-0005134 1 FMCRD 30-47 D QUAD C12-D00S159 1 EMCRD 30-11 8 QUAD
£12-0005136 2 FMCRD 30-47 D QUAD C12-0005159 2 FMCRD 30-11 8 QUAD
£12-0005135 1 FMCRD 14-15 6 QUAD €12-0008160 1 FMCRD 26-23 8 QUAD
£12-0005138 2 FMCRD 14-15 B QUAD C12-0005160 2 FMCRD 26-23 8 QUAD
C12-0005136 1 FMCRD 18-31 B SUAD £12-D005161 1 FMCRD 18-55 0 OUAD
C12-000%136 2 SWCRD 1831 B QUAD £12-0008161 2 FMCRD 18-55 D QUAD
£12-D00S137 1 FMCRD 30-51 D QUAD £12-0005162 1 FMCRD 18-11 B QUAD
€12-0005137 2 FMCRD 30-51 D QUAD c12-0005162 2 FMCRD 18-11 B QUAD
£12-0005138 1 FMCRD 66-31  C QUAD C12-000%163 1 FMCRD 14-$1 D QUAD
£12-0005138 2 FMCRD 66-31 C QUAD C12-0008163 2 FMCRD 14-S1 D wWAD
£12-0005139 9 FMCRD 30-15 8 QUAD £12-0005164 1 FMCRD 18-19 8 QUAD
£12-0005130 2 FMCRD 30-15 B QUAD C12-000516k 2 FMCRD 18-19 B QUAD
£12-000%140 1 FMCRD S0-19 € QUAD C12-D00S 165 1 EMCRD 10-23 B OUAD
£12-D00S140 2 FMCRD S50-19 € QUAD C12-D00S16S 2 FNCRD 10-23 B QUAD
£12-0005141 1 FMCRD 02-35 0 QUAD £12-0005166 1 FMCRD 02-31 B GuAD
C12-0N0S141 2 FMCRD 02-3% D QUAD C12-0008166 2 FMCRD 02-31 8 QUAD
c12-0008142 1 FHCRD 6643 A QUAD C12-0005167 1 FMCRD 34-35 B QUAD
C12-000%162 2 PMCRD 4643 A QUAD £12-0005187 2 FMCRU 34-35 B QUAD
£12-D00S143 1 FNCRD 26-19  § QUAD €12-000%168 1 FHCRD 54-43 A QUAD
£12-D00S143 2 MCRD 26-19 B QUAD £12-0005168 2 FMCRD 54-43 A QUAD
£12-0005164 1 FRCRD 1815 B QUAD €12-0005169 1 EMCRD 06-27 8 QUAD
£12-0005764 2 FNCRD 18-15 @ QUAD £12-0005169 2 FMCRD 06-27 B QUAD
£12-D00S14S 1 FECRD 06-43 D QUAD £12-D00%170 1 FMCRD 54-39 A QUAD
£12-D005145 2 FHCRD 06-43 0 QUAD £12-0008170 2 FHCRD 54-39 A QUAD
C12-0008166 1 FMCRD 3059 D oUW £12-0008171 1 FMCRD 10-55 D QUAD
C12-D00S146 2 FMCRD 30-59 D QUAD £12-D005171 2 FMCRD 10-55 D QUAD
C12-D005147 1 FMCRD 18-43 O QUAD c12-p005172 1 FMCRD 38-23 C QuAD
C12-0005147 2 FHCRD 18-43 D QUAD c12-0008172 2 FMCRD 38-23 © ouAD
£12-0005148 1 FMCRD 38-59 A QUAD C12-000%173 1 FMCRD 22-63 0
C12-0005148 2 FHCRD 38-59 A QUAD C12-0008173 2 FMCRD 22-63 D QUAD
£12-0005149 1 FMCRD 22-1% B QUAD C12-D008174 1 FMCRD 42-39 A QUAD
£12-0008%49 2 FMCRD 22-15 8§ GUAD c12-000817¢ 2 FMCRD 42-39 A QUAD
C12-000S150 ! FMCRD $4-27 € QUAD £12-D00S1TS 1 FMCRD 34-03 B QUAD
£12-0005150 2 FMCRD %4-27 € QUAD €12-000817% 2 FMCRD 34-03 8 QUAD
¢12-0005151 1 FMCRD 26-51 0 QUAD £12-D00S176 1 FMCRD 10-27 B QUAD
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS

(In order of device - reading top to bottom)
DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTION
£12-00081786 2 FMCRD 10-27 B QUAD £12-0005201 2 FMCRD 58-15 C QUAD
C12-0008177 1 FMCRD 30-67 D QUAD £12-0005202 1 FMCRD $0-27 € QUAD
£12-0008177 2 FMCRD 30-67 0 QUAD c12-0005202 2 FMCRD 50-27 C QUAD
£12-0005178 1 FMCRD 46-23 C QUAD £12-0005208 1 FMCRD 14-19 B GLAD
€12-0005178 2 IMCRD «6-23 € QUAD £12-0005203 2 FMCRD 14-19 8 QUAD
C12-0005179 1 FMCRD 02-39 O QUAD C12-0005204 1 FMCRD 54-55 A QUAD
£12-0005179 2 FMCRD 02-39 © QUAD £12-0005204 2 FMCRD $4-55 A QUAD
£12-0005180 1 FMCRD 14-31 8 QUAD €12-0005205 1 FMCRD 30-63 O QUAD
£12-0005180 2 FMCRD 14-31 B QUAD c12-0005208 2 FMCRD 30-43 D QUAD
C12-0005181 1 FMCRD 14-39 D QUAD C12-F041 1 SO VALVE
¢12-0005181 2 FMCRD 14-39 D QUAD C12-F042 2 SO VALVE
£12-0005182 ! FMCRD 22-31 B QUAD C12-F043 2 AD VALVE
£12-0005182 2 FuCRD 22-31 B QUAD C12- ¥k 2 AD VALVE
£12-D00S 183 FMCRD 62-39 A QUAD C12-F047 1 AD VALVE
C12-D00S'83 2 FMCRD 62-39 A QUAD C12-F0L8a 1 AQ VALVE
C12-0005184 1 FNCRD 34-47 D QUAD C12-FOLSE 2 AD VALVE
£12-0005186 2 FMCRD 34-47 D QUAD C12-FO40A 1 AD VALVE
£12-0005185 ! FMCRD S8-19  C QUAD C12-F498 2 AD VALVE
£12-000518% 2 FMCRD S8-19 C QUAD C12-PT011A 1 PRESS TRANSMITTER
C12-D0CS 186 1 FMCRD 22-51 D QUAD c12-p10118 2 PRESS TRANSMITTER
£12-000%186 2 FNCRD 22-51 D QUAD c12-p1019C 3 PRESS TRANSHITTER
£12-0D00S187 1 FMCRD $0-35 C QUAD C12-P10M1D & PRESS TRANSMITTER
£12-0005187 2 FMCRD $0-3% © QUAD EV1-CO0TA 1 RAR PUMP
£12-0005188 1 FMCRD S4-11  C QUAD E11-C00M8 2 RHR PUMP
£12-0005188 2 FMCRD S4-11  © QUAD E11-C001C 3 RHR P
£12-0005189 FMCRD 3815 C QUAD €11-C0024 ¢ SEAL WATER PUMP
€12-0005189 2 FMCRD 38415  C QUAD g11-co028 2 SEAL WATER PUMP
£12-0005190 1 FMCRD 42-5% A QUAD g11-co02c 3 SEAL WATER PuMP
£12-0005190 2 FMCRD 42-5% A QUAD E11-F001A 1 MO GATE VALVE
£12-0005191 1 FMCRD 38-39 & QUAD E11-F00'8 2 MO GATE VALVE
C12-00US191 2 FNCRD 38-39 A QUAD E11-500c 3 MO GATE VALVE
C12-0008192 1 FHCRD 54-25 € GUAD E11-70044 Y WO GLOBE VALVE
£12-0005192 2 FUCED S4-23  C QUA E11-FP0068 2 MO GLOBE vALVE
£12-000%193 1 FNCRD S0-39 A QUAD E11-F006C 3 WO GLOBE VALVE
C12-000%193 2 FMCED SO0-39 & QUAD EV1-FO0SA 1 MO GATE VALVE
£12-0005194 1 PUCRD 26-47 D QUAD EV1-FOOS8 2 MO GATE VALVE
C12-000519% 2 FNCRD 26-47 D QUAD E11-7005¢C 3 O GATE VALVE
£12-000519% 1 FMCRD 46-07 € QUAD E11-FOO6R 0 AD CHMECK VALVE
£12-000519% 2 FHMCRD 46-07 C WA E11-FO068 2 AD CHECK VALVE
£12-000519¢ 1 FMCRD 22-23 8 UND E11-7006C 3 AD CHECK VALVE
£12-0005196 2 FMCRD 22-2% B QUND E11-FO078 2 MAK OPER GATE VALVE
C12-0005197 1 FNCRD 54-15  C QUAD E11-F007C 3 WAK OPER GATE VALVE
C12-D00S197 2 FMCRD S4-15  C QUAD EV1-F0088 Y MO GATE VALVE
£12-0005198 1 FHCRD 3455 A QUAD EV1-F0088 2 WO GATE VALVE
£12-0005198 2 FNCRD 34-55 A GUAD E11-F008C 3 MO GATE VALVE
C12-0005199 1 FMCRD S0-11 € QuUAD E11-F0098 1 HAN OPER GATE VALVE
C1Z 0005199 2 FMCRD 50-11  C QUAD E11-F00 2 WAN OPER GATE VALVE
£12-0005200 ¢ FUCRD 26-5¢ D U E11-FOO9C 3 MAN OPER GATE vALVE
£12-0005200 2 FRCRD 26-59 D QUAD E11-¥0104 MO GATE VALVE
£12-000%20% 1 FMCRD S8-15 € QUAD gvi-Fo108 2 WO GATE VALVE



E11-5010C
E11-FO11A
E11-FO118
g11-8019C
EV1-5012A
E11-F0128
EV11-F012C
ET1-5013A
EV1-F0138
E11-F013C
E11-F0YB
E11-#0%C
E11-FO158
E11-FD1SC
E11-FO178
E11-F017C
E11-F0188
E11-FO18C
E11-F0108
E11-5099C
E11-F021A
E11-F0218
E11-802°C
EV1-F029A
E1V-F0298
E11-FO29¢C
E11-7030A
E11-70300
E11-F030C
E€11-70314
E11-F0318
E11-FO30C
E171-F036A
E11-FO368
E11-FO36C
E11-FOA3A
E11-F0L38
EV1-FOL3C
E11- FOMLA
E11-FOLLE
E11FOMLE
E11-FOASA
£11-FOLGA
ET1-FTO08AY
E11-FTO08A2
E11-FT0088 1
E11-FTDO8E2
E11-FTO0BCY
E11-FTDO8C2
E11-FT0128

o

- oro e

>t

(In order of device

DESCRIPTION
GATE vALVE
GATE VALVE (R
GATE VALVE (R
GATE VALVE (R
GATE VALVE
GATE VALVE
GATE VALVE
GLOBE VALVE
GLOBE YALVE
GLOBE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GLOBE VALVE
GLNGE VALVE
GhTE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GLOBE VALVE
GLOBE VALVE
GLOBE VALVE
GATE VALVE
0 GATE VALVE
MO GATE VALVE
#O GLOBE VALVE
MO GLOBE VALVE
MO GLOBE VALVE
AC GLOBE VALVE
AD GLOBE YALVE
AD GLOBE vALVE
O VALVE

SO VALVE

SO VALVE

SO VALVE

SO VALVE

SO VALYVE

MO GLOBE VALVE
MO GAYT vALVE
FLOW TRANSMITYER
FLOW TRANSMITTER
FLOW TRAMSMITTER
FLOW TRANSH]|TTER
FLOW TRANSHITTER
FLOW TRANSMITTER
FLOW TRANSHITTER

BEAAERBB838833332388388B38382823%85

Ceneral Electric Company

HR 1SOL)
HR 1500L)
WR [SOL)

DEVICE DIV
E11-POY303A 1
E11-POTIO3R 2
E11-POT303C 3
E11-PT00GA 1
EV1-PTOOG 2
E11-PTOOLC 3
E11-PTOOGE 1
EV1-PYO0&F 2
EV1-PT0040 3
E11-#T005A 1
E11-PTOOSE 2
E11-PTO0SC 3
E11-PT000A ¢
E11-PTCO9S 2
EV1-PTOORC 3
E22-CO0 2
€22-C00%C 3
E22-FO01R 2
£22-F001C 3
E22-FOC38 2
£22-FOUSC 3
E22-F0040 Z
E22-FOOLC
E22-FOO%H 2
£22-F005¢C 3
£22-FO06H 2
E22-FDOSC 3
2
3
2
3
2
3
2
3
2
2
3
3
2
3
2
3
?
3
2
3
1

E22-F0088
£22-FO0SC
£22-FO0
E22-FO09C
£22-F0'08
£22-$0Y0C
£22-F0198
£22-1019¢
£22-F100881
£22-FT00882
£22-F7008C1
£22-7 10082
€22-7\ 0038
E22- P70V
E22-PT0066
E22-PT006C
E22-PTOOGF
£22-PT006G
£Z2-770078
E22-PT007C
£31-DPTO0&
E31-DPTOOGE 2
E31-DPTOOSC 3
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
reading top to bottom)

DESCRIPTION

POSITION TRANSMITTER
POSITION TRANSMITYER
POSITION TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSM|TTER
PRESS TRANSHITTER
PRESS TRANSMITTER
PHESS TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSMITYER
PRESE TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSKITTER
PP

PUP

MO GATE VALVE

RO GATE VALVE

MO GATE vaLvE

MO GATE VALVE

AIR OP CHECK VALVE
ALR OP CHECK VALVE
MAN OPER CATE vALVE
MAN OPER GATE vALVE
MO GLOBE VALVE

MO GLOBE VALVE

MC GLOBE VALVE

MO GLOBE VALVE

MO GLOBE vALVE

MO GLOBE YALVE

MO GATE VALVE

MO GATE VALVE
EQUALIZING VALVE
EQUALIZING VALVE
FLOM TRANSMITTER
FLOW TRANSKITTER
FLOW TRANSM]TTER
FLOW TRANSMITTER
PRESSURE TRANSMITTER
PRESSURE TRANSNKITTER
PRESSURE TRANSM]|TTER
PRESSURE TRAMSHITTER
PRESSURE TRANSK|TTER
PRESSURE TRANSMITTER
PRESSURE TRANSMITTER
PRESSURE TRANSKMITTER
DIFF PRESS TRANSM|TTER
DIFF PRESS TRANSMITTER
CIFF PRESS TRANSMITTER



DEVICE

vevYiu

£31-0PT006D
E31-0PT013A
E31-DPT0138
£31-0PT013C
E31-0P10130
E31-DPTOY4A
E31-0PY04E
EN1-DPTOYLL
E31-DPTOIGD
E31-DPTO1SA
ES1-DPT( .53
E31-DPTOISC
E31-0PTO1SD
E31-DPTO16A
E31-DPTC168
E31-0PTONSC
E31-0PTOY&D
EIT-OPTOYSE
E31-DPTOTSF
E31-DPTOYSG
E31-DPTOYSN
E31-DPTI01S.
E31-DPTOISK
E31-DPTOMSL
E€31-DPTD 1M
E31-DPYO1ON
E31-DPTOYSP
E31-0PTOTSR
E31-DPTDY6S
£31-¢¥002
£31-¥003
£31-F004
E31-F00S
E31-PTOOTA
E31-PTOOTS
€31-PT007C
E31-PTOOT
£31-TEDOSA
£31-TEOUSS
E31-TEDOSC
£31-TEOQSD
E31-TEOOSBA
E31-TEOOSE
E31-TEOOBC
E31-TEOOSD
E31-TEOOSE
E31-TEDOSF
E31-TEOOBG
£31-TE008K
E31-TECOSJ
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Ceneral Electric

Company

LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
to bottom)

(In order of device

DESCRIPTION

|FF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS
DIFF PRESS

A O SOLENOID VALVE (O8)
A O SOLENOID VALVE (1B)

TRANSMITTER
TRANSMITTER
TRANSMITTER
TRANSHITTER
TRANSMITTER
TRANSHITTER
TRANSM| TTER
TRANSMITTER
TRANSMITTER
TRANSHITTER
TRANSMITTER
TRANSHITTER
TRANSMITTER
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

A O SOLENOID VALVE
A O SOLENOID VALVE
PRESS TRAMSMITTER
PRESS TRANSNITTER
PRESS TRANSMITTER
PRESS TRAMSHITTER

TEWP ELEMEWT
TENP ELEMENT
TEWP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEWP ELEWENT
TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEMP ELEMEKT
TEMP ELEMENT
TEMP ELEDENT
TEWP ELEMENY

tcading tog

DEVICE

E31-TEOOSK
€31-TEQOSL
E31-TEDOEM
E31-TEOO9A
E31-TEDO9S
£31-TEOQOOC
E31-TEQO9D
E31-TEQOOE
E31-TEQOOF
£31-TEQO9G
E31-TEQOON
E31-TEQD9J
E31-TEDOSX
E31-TEQOOL
E31-TEOOS™
E31-TEQ10A
E3V-TEC108
E31-TED1OC
E31-TEQYOD
E31-TEO11A
E€31-TEO1'8
E31-TEOINC
E31-TEO1YD
E31-TEQ12A
E3-TEO'28
E31-TED12C
E31-TEO12D
E31-TEQVMA
E31-TEQ1IOA
E31-TEO204
£31-TEC208
£31-TEQ20C
£31-TEC20D
EJV-TEDZ1A
E31-TEQ2'R
E31-TEORYC
E€31-TEQ2D
£31-TEO22A
E31-TEOZ2N
£31-TED22C
E31-TEQ2D
E3N-TEOZ3A
E31-TEOZ3E
ES1-TEO23C
E31-TEOZR
E3-TEOZ4A
£31-TEOZ4R
E31-TED24C
E31-TEQRLD
£31-TEO2SA

2
3
.
1
2
3
.
1
2
3
“
1
2
3
B
1
2
3
.
1
2
3
L
1
2
3
.
1
1
1
2
3
&
1
2
3
&
1
2
3
B
1
2
3
4
1
2
3
“
1
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ANV

Page

DESCRIPTION

..........

TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TENP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENY
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMEMT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEWENT
TEME ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TENP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEMP ELEMEWT

®SL TEMP SENSORS
ML TEMP SENSORS
MSL TEWP SENSORS
HSL TEWP SENSORS

TEWS ELEMENT
TEMWP ELEMENT
TEMP ELEMENT
TEWP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEW ELEMENT
TEN® ELEMENT
TENP ELEMENT
TEMP ELEMENT
TEMP ELEMENT
TEWP ELEMENY
TEMP ELEMENT

M



E37-TEO2%8
£31-TEC2S5C
E31-TED25D
£371-TECZ6A
£31-TEO268
£E3)-TEQR26L
E31-TED28D
E31-TEO27A
EX1-TED2TS
£31-TEQZTC
E31-TEO2™
E31-TED28A
E31-TEO288
E31-TEO28C
E31-TEO28D
E31-TEO29A
ES1-TEOZ98
£31-TEO29C
E31-TEO29D
E31-TEO3'A
E31-TEQ3ME
E3V-TEC3VY
E31-TEQ32A
E31-TEQI2F
£31-TEO32)
E31-TEOS3A
E31-TEQ33E
E31-TEO33J
E31-TEQBLA
E31-TEOBLE
E3V-TEQ3LJ
£51-C002
£S1-C901*
ESY-C0902%
£51-F001
£51-F00&
£51-F0D0OS
£51-F006
£51-£008
E51-F009
ES1-F01Y
ES1-F01Z
ES1-F026
ES1-FOMY
ES1-F032
ES1-FO3%
£51-F0348
ES1-FON7
E51-F039
ES1-F0&0
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Ceneral Electric Company

Page 2
LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
(In order of device - reading top teo botium)

DESCRIPTION DEVICE DIV DESCRIPTION

TEMP ELEMENT ES51-FO41 ! AD GLOBE VvALVE

TEMP ELEMENT ES1-F04S 1 MO GLOBE VALVE

TEMP ELEMENT ES1-FOLT 1 MO GATE vALVE

TEMP ELEMENT ES1-FOLS 1 WO GLOBE VALVE

TEMP ELEMENT ES1-F0S8 1 AD GLOBE VALVE

TEMP ELEMENT ES1-FT007-1 1 FLOW TRANSMITTER

TEMP ELEMENT ES1-FT007-2 FLOW TRANSMITTER

TEMP ELEMENT ES1-L8011 1 LEVEL SWITCH

TEMP ELEMENT ES1-P0T901 1 POSITION TRANSMITTER

TEMP ELEMENT £51-9T001 1 PRESS TRANSM|TTER

TEMP ELEMENT £51-p7002 1 PRESS "RANSMITTER

TEMP ELEMENT E51-PTO0S 1 PRESS TRANSM|TTER

TEMP ELEMENT ES1-PTO08 1 PRESS TRANSM|TTER

TEMP ELEMENT ES1-PTOO® 1 PRESS TRANSMITTER

TEMP ELEMENT ES1-PYOY3A 1 PRESS TRANSMITTER

TEMP ELEMENT ES1-PTOY3E 1 PRESS TRANSMITTER

TEMP ELEMENT ES1-PTOYGA 1 PRESS TRANSHITTER

TEMP ELEMENT ES1-PTOVGE 2 PRESS TRANSM]TTER

TEMP ELEMENT ES1-PTOVE PRESS TRANSMITTER

TEMP ELEMENT ES1-PTOVGE 2 PRESS TRANSWITTER

TEMP ELEMENT ES1-SEROTT 1 SPEED ELEMENT

TEMP ELEMENT G31-¢002 2 MO GATE VALVE

TEWP ELEMENT G31-F003 1 MO GATE VALVE

TEMP ELEMENT G31-¢013 2 MO GATE VALVE

TEMP ELEMENT G31-F030 1 0 VALVE

TEMP ELEMENT G31-7031 1 MO VALVE

TEWP ELEMENT G31-FO65 2 AD VALVE

TEWP ELEMENT G31-F068 1 AD VALVE

TEWP ELEMENT G31-TEQDS TEWP ELEMENT

TEWP ELEMENT Gh1-CO0TA 1 U

TEMP ELEMENT Gh1-COOTR 2 e

TURS i ME Gk 1-FOOSA L MO GATE VALVE

VACULN P GhY-FOOSE 2 * MO GATE VALVE

COMDENSATE PUMP GA1-FO13 1 WO GATE VALVE

MO GATE VALVE G41-FO21A 1 MO GLOBE VALVE

MO GATE VALVE GA1-FO218 2 MO GLOBE VALVE

AD CHMECK VALVE Gh1-FO38 Lw MO GLOBE VALVE

WD GATE VALVE GA1-FTO0GA 1 FLOW TRANSMITTER

MO GLOBE VALVE Gh1-FTOOSE 2 FLOW TRANSMITTER

MO GLOBE VALVE GA1-LTO204 1 * LEVEL TRANSMITTER

MO GLOBE VALVE GA1-LTOR08 2 * LEVEL TRANSMITTER

MO GLOBE VALVE Ge1-PTO0%A PRESS TRAWSH|TTER

AD GLOBE VALVE Gh1-PTOOSE 2 PRESS TRANSHITTER

SO DIAPHRAN VALVE G51-C001Y 1 P

SC DIAPHRAM VALVE GS1-7001 2 MO GATE VALVE

MO GATE VALVE GS1-F00% 1 AD VALVE

MO GATE VALVE GS1-F00é 2 MO GATE VALVE

MO GLOBE VALVE G51-F007 1 MO GATE WALVE

MO GATE VALVE GS1-F020 1 MO GATE VALVE

AC GLOBE VALVE K11-C00A 1 LOW PUMP - DRTWELL S



K11-20C8
K11-C101A
K11-C108
K11-C102a
£11-C1028
£11-c102C
x11-c102p
K11-C102€
K11-C102¢
K11-C1026
K11-c1024
K11-C1021
x11-C102J
P13-LT001A
P13-LTOCS
P13-L7001C
P13-LT001D
P21-COC1A
P21-C0018
P21-C001C
P21-COOTE
P21-CO0YF
p21-C001E
p21-pPSO33A
P21-0PS0338
p21-0PSO33C
P21-DPSOBLA
P21-0PS03LE
P21-DPSO3LC
P21-E/P6OSA
P21-E/PHOSH
P21-E/P&OSC
P21-FO0&A
P21-F00LE
P21-FO0LC
P21-FOOLE
P21-FOOLF
P21-F0040
P21-FDOLJ
P21 FOOGE
P21-F004L
P21-FODGA
P21 #0068
P21-FO0SC
PZ1-FOY0A
P21-FOY0R
P2I-FOIC
PZY-FO134
P21-FOISR
p21-F01X
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Ceneral Electric Companvy

LIST OF EQUIPMENT INT

(In order of device

DESCRIPTION

PUMP - DRYWELL
PUMP FOR
PUNP FOR
HOW PUMP FOR
PUME FOR
PUNP FOR
FOR
FOoR

PRESS SwiTCw
PRESS SWITCH
PRESS SWITCH
PRESS SWITCN
PRESS SWITCH
DIFF PRESS SWITCH
E/P COMVERTER
E/P CONVERTER
E/P COMVERTER
MO GATE VALVE
N0 GATE VALVE
MO GATE VALV
MO GATE VALVE
MO GATE VALVE
MO GATE VALVE
MO GATE VALVE
MO GATE VALVE
WO GATE VALVE
TEWP COMTROL VALVE
TEMF CONTROL VALVE
TEMP CONTROL VALVE
TENP CONTROL VALVE
TEMP COMTROL VALVE
TENP CONTROL VALVE
MO GLOBE VALVE
MO GLOBE VALVE
MO GLOSE VALVE

SUmP
(A)
(8)
)
(3]
(€)
n)
8)
()
0)
(E)
LEVEL"
LEVELY
LEVEL"
LEVEL"

Page .-

ERFACE WITH ESSENTIAL MUX SICNALS

P21-F0184
PZ1-F0'88
P21-F018C
P21-FO25A
P21-FO25R
P21-F025C
P21-F025¢€
P21-F025F
P21-502%¢C
P21-FOSSA
p21-70558
P21-F0SSC
P21-FOSSE
P21-F0S5F
P21-F09%C
P21-FOT2A
p21-¥0728
p2Y-F07C
P21-FOTRE
P21-FOTRF
P2Y-¥0T26
P21-FOT4A
P21-FOT4R
P21-FOTAC
P21-FOTSA
PZY-FOTSE
PZY - FOB0A
P21-FOBOR
PE1-FOBYA
P21-FO8TR
P21-FOB2A
P21-FOB28
P21-FOB2C
P2’ - FOBLA
P2Y1-FOBLE
P21-FT006A
P21-FT0068
P21-FYDOSC
P21-FT00M
P21-FT0088
P21-FT008C
PZ1-FTDL2A
F21-FTOLZS
P21-FT042C
P21-L50154
P21-LS0158
P21-L5015C
P21-LT0134
P21-LTOYSS
PZ1-LT013C

DIV

1
2"
b I

-

“N-o“»-'“”-‘““‘l‘ﬂ—.”-.u"-‘--kwhl-'-‘MN-‘\ﬂN—‘h‘N—‘lﬂN-‘“N-d\#N-AU‘N

reading top to bottom)

DESCRIPTION

GATE VALVE
GATE VALVE
GATE VALVE
GATE VALVE
GATE VvALVE
GATE VALVE
GATE VALVE
GATE VALVE
WO GATE VvALVE
MO GATE VALVE
MO GATE VALVE
MO GATE VALVE
MAN OPER GATE VALVE
MAN OPER GATE VALVE
FLOW TRANSMITTER
FLOW TRANSMITTER
FLOW TRAKSMITTER
FLOW TRANSMITTER
FLOW TRANSMITTER
FLOW TRAMSHITTER
FLOW TRANSHITTER
FLOW TRANSKITTER
FLOW TRANSM|TTER
LEVEL SWITCH
LEVEL SwiYCM
LEVEL SWITCH
LEVEL TRANSM]TTER
LEVEL TRANSMITTER
LEVEL TRANSWITTER



221-LT0%¢#
P21-LT014G
P2Y-LT0%J
P21\ TOT6K
P21-LT0Y4L
521-PT00A
P21-PTO0LE
P21-PT004C
P21-TEQDSA
P21-TEQDSE
F21-TEOOSC
P21-TEQDOA
P21-TEDOSE
P21- TEDOC
PR4-FUSS
P26-F140
Pae-F1462
P2% FOYGA
P25-CO01A
P25-CO0N
p25-C00C
P25-COO1E
P2S-CO0F
P2%-CO01G
p25-0001A
P25-00018
»25-0001C
P2%-0001E
P25-0001F
P25-D0CYG
P25-DPTOCTA
P2S-0DPTOCTS
P25-DPTOOTC
P25-F0058
»25-F00SC
PZS-FO12A
P25-F0128
P2S-#012C
P2S-F0 58
P25-FOI6C
P2S-FO22A
p25-¥0228
p25-F022¢C
P25-FOL0A
P2%-FULOR
P25-F0L0C

DIV

R e N e N e e N e N s e
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-
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{In order of device

DESCRIPTICN

...........

LEVEL TRANSMITTER
LEVEL TRANSMITTER
LEVEL TRANSMITTER
LEVEL TRANSMITTER
CEVEL TRANSHMITTER
LEVEL TRANSHWITTER
LEVEL TRANSMITTER
LEVEL TRANSM]TTER
LEVEL TRANSMITTER
PRESS TRANSMITTER
PRESS TRANSMITYER
PRESS TRARSMITTER
TEMP ELEMENT

TEMP ELEMENT

TEMP ELEMEXT

TEMP ELEMENT

TEMP ELEMENT

TEMP ELEMENT

MO GATE VALVE

MO GATE VALVE

MO GATE VALVE
TEMP CONTROL vALVE
HECW PUMP

HECW PUNP

HECW PuMP

NECW PumP

HECW PUMP

HECW PP
REFRIGERATOR
REFRIGERATOR
REFRIGERATOR
REFRIGERATOR
REFRIGERATOR
REFRIGERATOR

DIFF PRESS TRANSNITTER
OLFF PRESS TRANSMITTER
DIFF PRESS TRANSNITTER

TEMP CONTROL VALVE
TEW COMTROL VALVE

PRESSURE CONTROL VALVE
PRESSURE CONTROL VALVE
PRESSURE CONTROL VALVE

TENS CONTROL VALVE
TEMP CONTROL VALVE
TEWP CONTROL VALVE
TEWP CONTROL VALVE
TEMP CONTROL VALVE
AD VALVE
AO VALVE
A VALVE

General Electric Company

DEVICE
P25-F15003A
¥25-F180038
P25-F18003¢C
P25-F1S003€
»25-#15003¢
»25-F15003¢
#25- TEOOSA
P25-TEOOSE
P2%- TEQOSC
P -R0O0A
P&1-8008
P4 Y-8001C
Pe1-80010
P41-BO0E
P41 -B001E
PLY-CO0YA
P41-C0018
Pe1-C00NC
P&1-C001D
P41-COOYE
P41-CO0YF
P41-DO0TA
PL1-DO0TS
P&1-000YC
P41-D00YD
#461-D00VE
P41-DOOYS
P41-DPIO0SA
P&1-DP100SE
P&1-DP10OSC
P41-DP100%0
P&1-0P 1 00SE
P41-DP100SF
P61 -DPSO0SA
Pe1-DPSO0GE
P4 1-DPSCOGE
P4 1-DPSO0GD
P41 -DPSOOSE
P41 -DPSO0SF
Pe1-DPYODMA
P41 -DPTOOLE
PA1-DPTOOLC
P41 -DPYOOLD
Pet -DPTOOME
P41-DPTO0SF
Pe1-FOOSA
P&1-FDO38
Pe1-7003C
P41-FOOS0
P41 - FOOSE

DIV

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
i
2
3
1
2

LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
reading top to bottom)

DESCRIPTICN
FLOW [ND SwiTCH
FLOW [ND SWITCH
FLOW IND Swi'Ck
FLOW IND SwiTCH
FLOW IND SwiTCH
FLOW IND SWiTCH
TEMP ELEMENT

TEMP ELEMENT

TEMP ELEMENT

RCwW MT EXCHANGER
RCwW WT EXCHANGER
RCW ®T EXCWANGER
ROW MT EXCHANGER
RCW HT EXCHANGER
RCW HT EXCHANGER
REW PUMP

RSW PUMP

RSW PUMP

RSW PUmP

RSw PUMP

RSW PUNS

SE WATER STRAINER
SE WATER STRAINER
SE WATER STRAINER
SE WATER STRAIWER
SE WATER STRRIMER
SE WATER STRAIMER

DIFF PRESS INDICATOR
CIFF PRESS INDICATOR
DIFF PRESS [NDICATOR
DIFF PRESS INDICATCR
DIFF PRESS INDICATOR
DIFF PRESS INDICATCR

DIFF PRESS SWITCW
GIFF PRESS SwiTCw
DIFF PRESS SwiTCw
DIFF PRESS SwiTCH
DISF PRESS SWITCN
DiFF PRESS SWITCH
DIFF PRESS TRANS
DIFF PRESS TRANS
DIFF PRESS TRANS
DIFF PRESS TRANS
DIFF PRESS TRANS
DIFF PRESS TRANS
" BUTTERFLY viv
0 BUTTERFLY ViV
MO BUTTERFLY wiv
MO BUTTERFLY viv
MO BUTTERFLY wiv



Ceneral Electric Companv Page

LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS

(In order of device - reading top to bottom)
DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTION
P61 -FO03F 3 MO BUTTERFLY WiV R26 mCC C12 1 MOTOR CONTROL CENTER
Pé1-FD0LA 1 O BUTTERFLY WiV R24 mMcC €13 1 TOR CONTROL CENTER
PLY-FODLE 2 O BUTTERFLY VLV R24 MCC CY 1 MOTOR CONTROL CENTER
PL1-FORGC 3 MO BUTTERFLY wiv R2¢ WcC C17 0 WOTOR COMTROL CEMTER
P61 - FOOLD 1 wO BUTTERFLY VLV R24 mCC D10 2 MOTOR CONTROL CENTER
P41 - FOOLE 2 MO BUTTERFLY WiV R24 mcC D11 2 MOTOR CONTROL CEWTER
PLT-FODGF 3 O BUTTERFLY wiv R26 mCC 012 2 WOTOR COMTROL CENTER
PL1-FO05A 1 MO BUTTERFLY WLV R26 MCC DY 2 MOTOR CONTROL CENTER
P&1-FODSE 2 MO BUTTERFLY viv R24 MCC D7 2 MOTOR CONMTROL CENTER
P41-FOOSC 3 MO BUTTERFLY WLV R24 MCC EYD 3 MOTOR CONTROL CENTER
P41-FO0%SD 1 MO BUTTERFLY VLV R24 MCC EY1Y 3 MOTOR COMTROL CENTER
P& 1-FO0SE 2 MO BUTTERFLY WiV R24 MCC EY6 3 WOTOR CONTROL CENTER
P&t FOOSF 3 MO BUTTERFLY VLV R24 MCC E17 3 MOTOR COMTROL CEWTER
P&1-FODGA 1 MO BUTTERFLY WiV R42-PO0SA 1 125 VOC NORM CHARGE®
P41 -FODSR 2 u0 BUTTERFLY wiv Re2-POOSE 2 125 VDL NORM CHARGER
P&1-FOOGL 3 0 BUTTERFLY WiV R&2-PO0SC 3 125 VDC NORM CHARGER
P&t -F006D 1 O BUTTERFLY WiV R&2-POOSD o 125 VDC NORM CHARGER
P& 1 - FO06E 2 MO BUTTERFLY WLV R&2-POCSHA 1 125 VDC NORM CHARGER
P41-FO06F 3 MO BUTTERFLY VLV R&Z-PO0SE 2 129 VOC NORM CHARGER
P41-FO09R 1 AD GLOBE VALVE RL2-PODSC ] 125 VDC NORM CWARGER
P41 -FOOON 2 AC GLOBE vaLve RL2-PODSD . 125 VDO NORM CHARCER
P61 - FOOSC 3 AD GLOBE VALVE R&2-P007A 1 125 VOC CNTR DIST B0
Pe - FOOSD 1 AD GLOBE VALVE R&2-P0078 2 125 VOC CNTR DIST &0
Pel-FOO9E 2 AD GLOBE VALVE R62-P007C 3 125 VDC CNTR DIST 80
P4 1-FOORF 3 AD GLOBE VALVE R62-POOTD . 128 VOC CNTR DIST &0
P41-FO11A 1 AD GLORE VALVE R42-POOEA 1,2 128 VDC STBY CWARGER
Pet-FOYIE 2 AD GLOBE vALVE Ra2-PO0SR 1.3 126 VOC ST@Y CHARCER
PL1-FOYIC 3 AD GLORE VALVE R43-C201A* 1 COMPRE SS08
PL1-F011D 1 AD GLOBE vALVE Re3-C20%8* 2 COMPRE SSOR
PL1-FOVIE 2 AD GLOBE vALvVE 843-C209C* 3 COMPRE 5508
PL1-FD1TF 3 AD GLOBE VALVE R&3-C202a* § COMPRESSOR
PLY-FOYeA 1 MO BUTTERFLY WLV Ré3-C2028* 2 COMPRE SSOR
PLY-FOYLE 2 MO BUTTERFLY WLV Re3-c2oect 3 COMPRE SSOR
PLY-FOYC 3 MO BUTTERFLY WLV Re3-CA0MA* 1 LUBE OIL PUMP
PL1-PTOO3A 1 PRESS TRANSHITTER Ra3-CAUYRT 2 LUSE OIL PUMP
PL1-PTOOZR 2 PRESS TRANSHITTER R&3-CADC* 3 LUBE OIL Pump
P&1-PTOOSC 3 PRESS TRANGMITTER Re3-DPSORIAT 1 DIFF PRESS SwiTCH
PS6-FOO7 1 MO GLOBE VALVE Re3-DPSOSTE” 2 DIFF PRESS SWITCw
PEL-FUIBA 1 MO GLOBE VALVE R&3-DPIOSIC* 3 DIFF PRESS SwiTCH
PSe-FO188 2 MO GLOBE VALVE R&3- 20014 1 DIESEL GENERATOR
PS4 - FO26A 1 0 GLOBE VALVE RE3- 40018 2 DIESEL GEWERATOR
PS4 -FO248 2 MO GLUBE VALVE R63-J001C 3 DIESEL GENERATOR
PS4 FORTA 1 MO GLOBE VALVE Re3-LIS191A" Y LEVEL IND SWIiTCH
PS4-FOZTR 2 MO GLOBE VALVE RA3-LISTONN® 2 LEVEL INO SWITCH
PS5&-PISO0OSA 1 PRESS 1D SWITON RE3-LISIPICT 3 LEVEL IND Sw!TCH
PS&-PISO0SE 2 PRESS 1MD SWITCH REZ-LSNA* 1 LEVEL SWITCH
PS&-PTO06A 1 PRESS TRANSMITTER Re3-L8N628* 2 LEVEL SWITCH
PSL-PTOOGE 2 PRESS TRANSMITTER Re3-L8Y62C* 3 LEVEL SWITCK
R26 mCC C10 O HOTOR CONTROL CEMTER RA3-LEIV8A 1 LEVEL SwiTCH
R24 mCC €11 1 MOTOR COMTROL CENTER Re3-LS3IVSE* 2 LEVEL SWITCH



Re3-POOTA®
Re3-P008*
R&Y-POOIC
®43-P002A%
Re3-POC2E*
R43-POCRCT
R&3-POO3A"
R43-POO3E"
R43-POO3C*
RLS- 0020
R&6- 00281
R&S- J002C1
R4s- 00201
REH-POOA
ReE-POOR
RLE-PO0TC
R&6-POOTD
T22-CO0%A
T22-C001%
T22-CO02A
T22-C0028
T22-C003A
122-¢0038
T22-0001A
T22-00018
T22-0PT029A
122-0PT0218
122-0P1021C
122-0PT0210
122-F001A
122-F0018
12270024
122-¥0028
T2Z-FODLA
T22- P08
T22-FO0SA*
122-FO05*
T2-FTOIM
T22-¥70188
T22-W00181%
T22-w001A2
T22-nO01AS
TZ2-M001 A4
T22-M00181
T22-W00182
T22-%00183
T22-w00184
122-L50044
T22-L50048

Ceneral Electric Company Page

LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SICNALS

(In order of device - reading top to bottom)
DIV DESCRIPTION DEVICE DIV DESCRIPTION
3 LEVEL SWITCH T22-L8019A 1 LEVEL SWITCH
1 DGIA) CONTROL PNL (A) T22-\50' 2 LEVEL SWITCH
2 DG(B) CONTROL PNL (A) TE2-%EQV1A 1 MOISTURE ELEMENT
3 DG(C) CONTROL PNL (A) T22-MEQVIR 2 MOISTURE ELEMENT
1 DG(A) SCY PANEL T22-MEQ1IC 3 MOISTURE ELEMENY
2 DG(B) SCT PANEL T22-mE0VD 4 MOISTURE ELEMENT
3 DG(C) SCT PANEL Y22-MT011A 1 MOISYURE TRANSK]TTER
1 DG(A) COMTROL PNL (8) 122-MT0118 2 MOISTURE TRAMSM|TTER
2 DG(B) CONTROL PNL (B) 122-M1011C 3 MOISTURE TRANSMITTER
3 DG(C) CONTROL PNL (B) 122-M70110 4 MOISTURE TRAMSKITTER
1 VITAL DISY PNL AY 122-POEO0TA 1 POSITION ELEMENT
2 VITAL DIST PNL B 122-POE0018 2 POSITION ELEMENT
3 VITAL DIST PaL C 122-TE0024 1 TEMP ELEMENT
A JITAL CIST PNL D1 T22-TEOC28 2 TEMP ELEMENT
1 VITAL CVCF A TE2-TEQI0A 1 TEMP ELEMENT
2 VITAL CVCF 8 T22-TEQ108 2 TEMP ELEMENT
3 VITAL CVCF C T22-TEO'3A 1 TEMP ELEMENT
‘ VITAL CVCF D T22-TE0Y38 2 TEMP ELEMENT
1 EXHAUST FAN (A) Y2Z-TEOVAA 1 TEMP ELEMENT
2 EXHAUST FAN (B) T22-TEOVGS 2 TEWP ELEMENT
1 PRE SPACE WTR. & FAN (&) T22-TEQY&A Y TEMWP ELEMENT
2 PRE SPACE WTR. & FAN (B) T22-TED'SR 2 TEWP ELEMENT
1 AFTER TR, & FAN (&) T2-150054 1 TEMP SW]TCH
2 AFTER WTR. & FAN (B) 122-1500%8 2 TEMP SWITCH
1 ORYER UNIT (A) T22-7S009A TEWP SwiTCH
2 DRYER UNIT (B) T22-750098 2 TEMWP SWITCH
1 DIFF PRESS TRANSKITTER 122-180134 1 * TEMP SwiTOW
2 DIFF PRESS TRANSMITYER T22-18018 2 TEW SWITCH
1 DIFF PRESS TRANSRITTYER T22-180152 TEWP ELEMENT
2 DIFF PRESS TRANSHITTER 122-780158 2 TEWP ELEMENY
1 AD BUTTERFLY VALVE T31-5001 1 AD VALVE
2 AD BUTTERFLY VALVE T31-F002 2 AD VALVE
1 M0 BUTTERFLY VALVE T31-#003 2 AD VALVE
2 MO BUTTERFLY VALVE T31-FO04 2 AD VALVE
1 MO BUTTERFLY VALVE T31-F00S Z AD VALVE
2 MO BUTTERFLY VALVE T31-FD0G 2 AD VALVE
1 MO BUTTERFLY VALVE 131-¢007 2 AD VALVE
2 MO BUTTERFLY VALVE T31-FO08 1 AD VALVE
1 FLOW TRANSHITTER T51-F009 1 AD VALVE
i FLOW TRANSNITTER T31-¢02% 1 AD VALVE
1 PRE SPACE WEATER T31-5039 1 AD VALVE
1 PRE SPACE WEATER T51-F040 2 AD VALVE
1 AFTER SPACE MEATER T -FO41 2 AD VALVE
1 AFTER SPACE WEATER TH-FTR20A 2 SO VALVE
2 PRE SPACE MEATER T3 -FT208 2 SO VALVE
2 PRE SPACE MEATER 31T 1 SO VALVE
2 AFTER SPACE WEATER T31-F7E5A 1 SO VALVE
2 AFTER SPACE WEATER 5T 1 $O VALVE
1 LEVEL SWITCH T31-F735A 1 SO VALVE
2 LEVEL SWITCH TII-FTESE 2 $O VALVE



Ceneral Electric Company Page 1«
LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
(In order of device reading top to bottom)
DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTION
131-5735C 3 SO VALVE T49-50104 3 MO GLOBE VALVE
TI1-FTES0 - SO VALVE T49-F0108 2 MO GLOBE VALVE
1315737 1 SO VALVE T49-FDI3A 3 MAN OPER GATE vALVE
131-57378 1 SO VALVE T&9-F0138 2 MAN OPER GATE vALVE
T31-5TI0A 1 SO VALVE T49-FO16A 3 MAN OPER GATE VALVE
131-F7398 2 SO VALVE T49-FO14R 2 MAN OPER GATE VALVE
131-F739C 3 SO VALVE TL9-FY002A 3 FLOW TRANSMITTER
13457390 & SO VALVE Tey-FT002 2 FLOW TRANSMITTER
T31-574 1A 1 SO VALVE TLO-FTO06A 3 FLOW TRANSMITYER
TS1-F768 2 SO VALVE TL9-FT00L8 2 FLOM TRANSMITTER
T31-F7%1C 3 S0 VALVE T49-PT0034 3 PRESS TRAMSMITTER
T31-F741D 4 SO VALVE TL9-PYOO38 2 PRESS TRANSMITYER
T3-FTA i SO VALVE TLS-TEOOIA 3 TEM® ELEWENT
T31-67438 2 SO VALVE T49-TEDO1R 2 TENP ELEMENT
T31-FTa5A 1 SO VALVE T49-TEODSA 3 TEMP ELEMENT
T31-57458 P S0 VALVE TLP-TEOOSE 2 TEWP ELEMENT
T31-F801A 1 SO VALVE T49-TEQOSA®™ 3 TEWNP ELEMENT
T31-¢8018 2 50 VALVE T49-TEQOSR®" 2 TEMP ELEMENT
T31-¥B03A 1 SO VALVE T4O-TEQOTA** 3 TENP ELEMENY
TI1-FB038 2 SO vALVE TLR-TEQOTR"" 2 TENP ELEMENT
T31-FBOSA 1 SO VALVE 149-TEDOBA*" 3 TEWP ELEMENT
T31-¢8058 2 S0 VALVE T49-TEDOBR*™ 2 TEMP ELEMENT
31-L70584 1 LEVEL TRANSHITTER 145-TEQOPA** 3 TEWP ELEMENT
T31-L70588 2 LEVEL TRANSMITTER T49-TEDOR** 2 TEWP ELEMENT
T31-L7088C 3 LEVEL TRANSMITTER T45-TEO10A®* 3 TEMP ELEMENT
T3 7058 4 LEVEL TRAMSKITVER T49-TEQIOR*™ 2 TEMP ELEMENT
T31-LT050A 1 LEVEL TRAMSHITTER T49-TEOYIA 3 TENP ELEMENT
T31-L70%98 2 LEVEL TRAMNSMITTER T49-TEOTIS 2 TEW CLEMENT
T31-L7T1004 9 LEVEL TRANSHITTER T53-TECOTA 1 * TENPERATURE ELEMENT
T31-L71008 2 LEVEL TRANSMITTER T$3-TE0018 2 * TEMPERATURE ELEMENT
T49-CO0TA 3 BLOMER TS3-TEOOVE 1 * TEMPERATURE ELEMENT
T49-CO0%8 2 BLOMER TS3-TEDOYF 2 * TENPERATURE ELEMENT
149-00024* 3 HEATER TS3-TE00Y, 1 ¢ TEMPERATURE ELEMENT
149-00028* 2 WEATER TS3-TE00K 2 * TEWPERATURE ELEMENT
T49-FOO1A 3 MO GATE VALVE T53-TEOOWN 1 * TEMPERATURE ELERENT
149-FO018 2 WO GATE VALVE TS3-TEOOYP 2 ¢ TEMPERATURE ELEMENT
T49-FO02A 3 MO GATE VALVE TE3-TEOGA 1 ¢ TEMPERATURE ELEMENT
TA9-FOO2E 2 MO GATE VALVE TS3-TeGO2s 2 ¢ TEMPERATURE ELEMENT
T&P-FOOBA 3 WO GLOBE VALVE TS3-re002¢ 1 ¢ TEWPERATURE ELEWENT
T49-FOUSE 2 MO GLOBE VALVE TS3-TEOORF 2 * TEMPERATURE ELEMEWT
169 FOOLR 3 MO GLOBE YALVE 1$3-TE0024 1 * TEWPERATURE ELEMENT
149 FOOAR 2 MO GLOSE valLve 153-TEQOX 2 * TENPERATURE ELEMENT
T4 FOO6L 3 MO GATE VALVE TS3-TEOG2 1 * TEMPERATURE ELEMENT
T49- FOOGE 2 MO GATE VALVE TS3-TEOO> 2 * TEMPERATURE ELEWEWT
T49-FOOTA 3 MO GATE VALVE TS3-TE0O38 1 * TEMPERATURE ELEMENT
TL9-FOOTR 2 WO GATE VALVE TS3-TEOONE 2 * TEMPERATURE ELEMENT
T4%- FOOBA . MO GATE VALVE TSI-TEDO3E Y * TEWPERATURE ELEMENT
T49-FO0B8 - MO GATE VALVE 153-TEOUSF 2 * TENPERATURE ELEMENT
T49-FOOSA 3 WAN OPER GLOBE VALVE T53-7T60084 1 °* TEMPERATURE ELEMENT
149-F00M 2 MAN OPER GLOBE VALVE 1S3-TE00 2 * TEMPERATURE CLEMENT
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TEDOSF
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TEOOSK
TEOOSH
TEQQSP
TEOGHA
TEODSE
TEDOGE
TEQUSF
TE0DSJ
TEQDSK
TEDO6M
TEDO&P
C201A
c2018
C202A
c202s
c203a
c2038
C204A
2048
c20%
czo%e
2064
2068
c207A
c2om
c2088
c2088
2094
c209%
cS03a
cS0%e
cal1e
ca0ic
co0tF
celie

Ceneral Electric Company Page 1:

LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS

(In order of device - reading top to bottom)
DIV DESCRIPTION DEVICE DIV DESCRIPTION
TEMPERATURE ELEMEWT Uk 1-CH028 2 MCR EXMAUST FAN (B)
TEMPERATURE ELEMEXT ué1-CH02¢ 3 MCR EXNAUST FAN (C)
1 ® TEMPERATURE ELEMERT 1 -CO02F 2 MCR EXMAUST FAN (F)
2 TENPERATURE ELEMENT u1-CH026 3 MCR EXWAUSY FAW (G)
1 TEMPERATURE ELENEWT Uk 1-CH038 2 WCR RECIRC SUPP FAw ()
- B TEMPERATURE ELEMENT Uk 1-CH03C 3 MCR RECIRC SUPP Fan ()
K TEMPERATURE ELEMENT Uk 1-CH03F 2 MCR RECIRC SUPP FAM (F)
R TEMPERATURE ELEMEXT Uk 1-CH03G 3 MCR RECIRC SUPP FAN (2)
B TEMPERATURE ELEMENT Uk 1 - CHOLA 1 EMER EQ FAM(A) JONE(A)
2" TEMPERATURE ELEMENT Uk | - CODLE 1 EMER EQ FAN(B) IONE(M)
1@ TEMPERATURE ELEMENT Uk 1-CH0TA | EM EQ EX FAN(A) ZONE(A)
2" TEMPERATURE ELEMENY 1 - COOSE 1 EX EQ EX FAN(B) ZONE(A)
- TEMPERATURE ELEMENT Uk 1 - CH0GE 2 EMER EQ FANCA) ZOME(2)
2" TEMPERATURE ELEMENT Uk 1 - CH06F 2 EMER EQ FANCB) IONE(E)
1 TEMPERATURE ELEMENT ubt-coom 2 EM EQ EX FAN(A) ZOME(E)
2 TEMPERATURE ELEMENT U 1-CHOTF 2 EM EQ EX FAN(B) ZONE(B)
|e TEMPERATURE ELEMENT Uk 1 - CH08C 3 EMER EQ FANCA) ZOME(C)
TEWPERATURE ELEMERT Ue1-Co08C 3 EMER EQ FAM (B) 20ME(C)
1. TEMPERATURE ELEMENT U 1 -CH09C 3 EM EQ EX FAM(A) ZONE(D)
2 TENPERATURE ELEMENT Uk1-co09c 3 EM EQ EX FAK(B) 20ME(C)
3. TEMPERATURE ELEMENY Uk1-p101 1 RCIC PUMP ROOM W¥M
B TEMPERATURE ELEMENT U 1-D102 3 WPCF PUMP (C) ROOM wvw
1 e TEWPERATURE ELEMENT Uk1-D103 1 RER PUMP (&) ROOM Wy
z®* TEMPERATURE ELEMENT Uk 1-D104 3 EMR PUMP (C) ROOM wyw
1 TEMPERATURE ELEMENT Uk1-p10% 2 RMR PUMP (B) ROOM wyw
2 TEMPERATURE ELEMENT Uk1-D106 H HPCE PUMP (B) ROOM wyw
1 DG(A) SUPPLY FAN (A) Uet-p107 3 FCS ROOM (A) MVH
1 DGCA) SUPPLY FAN (B) Uk 1-D108 2 FCS ROOM (B) WvW
1 DGCA) EXMAUST FAK (A) Wt-D109 1 FPC PUMP (A) ROOM My
1 DGCA) EXNAUST FAK (B) 10110 2 FPC PUMP (B) ROOM wyw
1 DGCA) EMER SUPP FAN (A) Ue1-p111 1 SGTS ROOM HVN (A)
1 DGCA) EMER SUPP FAN (B) U1-0112 2 SGTS ROON Wk (B)
2 DGIR)Y SUPPLY FAN (A) Ue1-p113 1 CAME (A) ROOM WVM
2 DGLR) SPPLY FAN (B) We1-0D114 2 CAMS (B) ROOM WVH
2 DGIE) EXNAUST FAN (A) Uk1-FDOTA 1 AD VLV - R/A SUP 180 viv
2 DGCR) EXKAUSY FAM (B) Ukt-FOOYS 2 AD VLV - R/A SUP 18O viv
2 DECH) EMER SUPP FAN (A) Uk 1 - FOO2A 1 AD VLV - R/A EXK 150 (&)
F DE(R) EMER SUPP FAN (D) Uk 1-FOO28 2 AC VLV - R/A EXK IS0 (8)
3 DECC) SUPPLY FAR (A} U 1-FOUSA 1 AD VALVE
3 DGIC) SUPPLY FAN (B) wi-Fpose 2 A0 VALVE
3 DGIC) EXNAUSY FAN (R) Uk 1 - FODMA 1 AD VALVE
3 DGIC) EXNAUSR FaN (B) Uk 1 - FODME i AD YALVE
3 DGIC) EMER SUPP FAN (A) U 1-FOOSA 1 AC VALVE
3 DGIC) EMER SUPP FAX (B) Ue1-FO0SE 2 AD VALVE
1 ELEC EQ SUPPLY FAN (A) YhI-FOROR* 1 AD VLY - CAMS RM EXM
2 ELEC EQ SUPPLY FAN (B) el -FOROR*T 2 AD VLV - CAMS RM EXN
2 WMCR SUPPLY FAN (B) Ue1-FOPIA* 1 AD VLV - CAMS RM SUPPLY
3 MCR SUPPLY FAN (C) Uet-FOOMR* 2 AQ VLV - CANS RN SUPFLY
2 MCR SUPPLY FAN (F) 4 1-TEDS2 1 TEWP ELEMENT
3 NCR SUPPLY FAN (G) Uk 1- TEDSE 2 TEMP ELEMENT
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LIST OF EQUIPMENT INTERFACE WITH ESSENTIAL MUX SIGNALS
(In order of device - reading top to bottom)
DEVICE DIV DESCRIPTION DEVICE DIV DESCRIPTION
seioteosd 3 TEWP ELEMENT GT-TEVO4E 2 TEMP ELEMENT
Ue1-TEOTIA 1 TEMP ELEMENT ULITEVORF 2 TEWP ELEMENT
wi-TEO78 2 TEMP ELEMENT Uet1-TEINT 9 TEMP ELEMENT
Ue1-TEOTIC 3 TEMP ELEMENT el1-TEIN 2 TEMP ELEMENT
ue1-TEOTA 1 TEMP ELEMENT Uer-TENT 3 TEMP ELEMENT
w1-TEOT8 2 TEMP ELEMENT wel-Tises2 3 TEMP IND SW EMER Exx
Ub1-TEOTRC 3 TEMP ELEMENT we1-TISCS3 2 TEWP IND SW EMER Exx
UA1-TEN03C 3 TEMP ELEMENT UA1-TISCSe 1 TEMP [MD Sw EMER Exx
uat-TE103¢ 3 TEWP ELEMENT
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Figure 7A.2-1 SAFETY SYSTEM LOGIC AND CONTROL (SSLC)
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Figure 3.4a Safety System Logic and Control (SSLC) Interface Diagram
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ABWR RESPWSE To DFSER 7.2.8-5 ZAGIOOAT
Standard Plant

Output Voltage - 2 kV 0 16.5kV

Polarity - positive

Energy Storage Capacitor - 150 pF plus or minus 10%

Discharge Resistor - 150 ohms plus or minus 5%

Charging Resistor - 100 Megohms plus or minus 10%

Rise time of discharge current - 5 ns plus or minus 30% at 4 KV

Operating Modes - (1) up to 20 di ges per second for approximately 5 seconds per test; (2) also single
pulses with at least 1 sec between succesive discharges.

Acceptance criterion shall be no misoperation during or after test.
QUESTION 420.92

The application of high technology semiconductor materials and related technologies to computing devices
has resulted in high current densities in some portions of equipment used in non-nuclear applications. This type
of equipment may be used for the ABWR.

Identify how these higher current densities, which can result in localized high heat spots, will be considered
in the design described by Section 7.0. (7)

RESPONSE 420.92

Computing devices used for ABWR instrumentation are designed to utilize the lowest power components
available for the task. Technologies such as CMOS and low power Schottky, including high speed and advanced
versions, will be the standard device types used for all functions, including the microprocessor. The emphasis is
on low stress design; when these components are operated within their voltage and current ratings and at their
specified clock frequency, no unusual heat stresses will occur within the semiconductor materials. As much as
possible, lllcomponemss!nllbeoﬂhchighrcﬁabiﬁtytypeoradcqwdymedudbmed-inmmuuhigh

The only likely areas of high current density will be in the power semiconductors of solid-state load drivers.
‘l‘hecﬁectsoflhcsclouﬁudhighspotswmbcmiﬁptcdbypropcrhulﬁnkingmdmdhﬁmdlheloulma,
following the component vendor's recommendations. High power devices will be physically separated as much as
possible from lower power circuitry.

To ensure that adequate compensation for beat rise is incorporated into the desi thermal analysis will
be performed at the circuit board, instrument and pancl design stages. ive cooling is assumed;
fans, particularly for safety-related equipment, are not recommended for mounting within instruments or panels.
However, if fans are mlommﬁaﬁﬁwdqﬁmwthMMumw
areas, no credit shall be taken for forced-air cooling in the thermal analyses. Since it is intended that all
computerized instrumentation will be instalied in the Main Control Room or in other areas with similar
cmdrommﬂmdhimgadeqmtcHVACwmpunnybelnﬂlNefumthu. In case of loss of
HVAC, the instrumentation is designed for operation to an ambient temperature of 122 degrees F (50 degrees
C). Environmental qualification testing of safety-related equipment shall include ldfylc margin to re that
thiswndhionc.n{nbcmuundcrut’remeeonditiom The hasriomasme. A g, 5 Al s staaol im
TESE-3713 Sediem 6.3.1.5. ¢/ /

% '11&C designs shall meet the environmental criteria stated in the following ABWR requirements

documents listed in Section 1.1.3;

(1) BWR Requirements - Equipment Environmenta! Interface Data, /
@) Eavironmental Quality Requiremeats for Salety Grade Equipment, _— 2~ ]
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REspanse 7o DFSER 74.1.4-]

ABWR Standard Safety Analysis Report

(4) Manual operation of the reliet valves will cool the reactor and reduce its
pressure at a controlled rate unul reactor pressure becomes so lcw that HPCF
svstem operauon is disconunued.

(5) The RHR system wi!l then be operated in the shutdown cooling mode using
the RHR system heat exchanger in the reactor water circuit tc bring the
reactor to the cold low pressure condition.

7.4.1.4.4 Remote Shutdown Capability Controls and Instrumentation-Equipmant, Panels,

and Displays
(1) Main Controi Room-Remote Shutdown Capability Interconnecuon Design
Considerations

Some of the existing systems used for normal reactor shutdown operations are
also utilized in the remote shutdown capability to shut down the reactor from
outside the main control room. The funcuons needed for remote shutdown
control are provided with manual transfer devices which override controls
from the main control room and transfer the controls to the remote shutdown
control. Control and process sensor signals are interrupted by the tansfer
devices at the hardwired, analog loop. Sensor signals which interface with the
remote shutdown system are routed from the sensor, through the transfer
devices on the remote shutdown panels, and then to the multiplexing system
remote multplexing units (RMUs) for transmission to the main control room.
Similary, control signals from the main control room are routed from the

i e . I\\“- RMUs, through the remote shutdown transfer devices, and then to the
/ T ».n-r.(”’ ot L;m:fr: et interfacing system equipment. Actuation of the transfer devices interrupts the
\ 1t uc W L ;“ onnection to the RMUs and transfers control to the remote shutdown system.
‘1 ::;j‘ff g s ‘hnecesarypowcrsupplycimuismahonm&nedwotheuourccs.

i Lo Remote shutdown control is not possible without actuation of the transfer
e i L, ‘,,.J 5Nj,f | devices. Operation of the transfer devices causes an alarm in the main control
e “The por st B ) | .gpom. The remote shutdown control panels are located outside the main
o s 5 \}ﬁncrol room. Access to this point is administratively and procedurally
| : ,o}; 1 |"Gontrolled. -
fors °* ,j,twj ‘J " :
. Ha "/, \Imtmmennnon and controls locared on the remote shutdown control panels
or"‘t‘ o T are shown in instrument and electrical diagram Figure 21.7.4-2a

|Gt s PO

| 4
} P BRSNS 7, ot $e |

7412 Systems Reguired for Safe Shutdown
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Tier 2 Material to be added as Appendix 7B of SSAR Chapter 7

7B.  Implementation Requirements for Hardware/Software Development

This section defines the requirements to be met by the haruware and software
development implementation activities that are to be made available for review by
the NRC. The hardware and software developmentrelated acceptance criteria
which are established through rule-making (refer to section 3.4, Instrumentation
and Control, of the Tier 1 design certification material for the GE ABWR design)
are defined such that there exists a direct correspondence between the acceptance
criteria entries and requirements imposed herein on those design activities whose
resulis are 1o be made available for the NRC conformance reviews. Those
requirements presented in Table 7B.1 which correspond 10 individual Tier 1
acceptance criteria are specifically identified. Therefore, satisfaction of those
specific requirements shall result in full compliance with the Design Commitment
and the corresponding Acceptance Criteria presented in the Tier 1 (rule-making)
design certification material established for Ins'rumentation and Control.

w»
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Tabse 7B.1 Software Development
A. Software Management Plan

(Satisfaction of the requirements presented herein shall result in the creation
of a Software Management Plan which is in full compliance with the
Acceptance Criteria for Item 5 presented in Table 8.4 of the Tier 1 design
certification matenal for the GE ABWR design.)

1. The Software Management Plan shall define:

a. the organizaiion and responsibilities {or development of the software
design; the procedures 10 be used in the software development; the
interrelationships between software design activities; and the methods
for conducting softwarc safety analyses.

Within the defined scope and content of the Software Management
Plan, accepted methods and procedures for the above activiues are
presented in the following documents:

63 ILEE 730-1984, Standard for Software Quality Assurance Plans,
Section 3.4

(i)  ASME NQAZ2a, Part 2.7, Quality Assurance Requirements of
Computer Software for Nuclear Facility Application

(i11)  ANSI/IEE h—ANS7-4 3. 2 1982, Apphcauon Critenia for

Co

replaced by the issued version of P 74.3. ndard Criteria for

ngnal Compulcn Uscd in Safety Systems of Nuclear Power

(iv) i Su{tw.nc for computers in the safety systems of

nuclur powu stations, Section 3.1

(v)  1EEE (draft H}-1992, Standard for Software Safety Plans

(vi) 1EEE 1012-1986, Standard for Software Verification and
Validation Plans, Section 3.5

(vii) TEEE B30-1984, Guide 10 Software Requirements Speciﬁcau'ons,
Section 5

(vii1) TEEE 1042-1987, Guide to Software Configuration Management

Note that within the set of documents listed above, differences may exist
regarding specific methods and criteria applicable 10 the Software
Management Plan. In situations where such differences exist, all of the
methods and criteria presented within those documents are considered
to be equally appropriate and vahd and, therefore, any of the above
listed documents may be selected as the basis for elements of the SMP.

b. that the software safety analyses 10 be conducted for safety-related
software applications shall:

(1) idenufy soltware requirements having safcty-related implications

y
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(1)
(m)
(iv)
(v)

(wv)

(vi1)

document th identified safety-critical software requirements in
the software requirements specification for the design
incorporate in 1o the software design the safety-critical software
funcuons specified in the software requirements specification
identify in the coding and test of the developed software, those
software modules which are safety-critical

evaluate the performance of the developed safety-critical software
modules when operated within the constraints imposed by the
established system requirements, software design, and computer
hardware requirecments

evaluate software interfaces of safety-critical software modules
perform equipment integration and validation testing that
demonstrate that safetv-related funcuons identified in the design
input requirements are opcrational.

the sofiware engincering process, which is composed of the following
life-cycle phases:

(1)
(i1)
()
(iv)
(v)
(vi)
(vi1)

Planning

Design Definition
Software Design
Software Coding
Integration
Validation
Change control

the Planning phase design activities, which shall address the following
system design requirements and software development plans:

(1)
(n)
(in)
(iv)
(v)

(v1)

Software Management Plan

Software Configuration Management Plan

Verification and Validation Plan

Equipment design requirements

Safety analysis of design requirements

disposition of design and/or documentation nonconformances
identified during this phase

the Design Definition phase design activities, which shall address the
development of the following implementing equipment design and
configuration requirements:

)
(11)
(111)
()
(v)
(v1)

equipment schematic

equipment hardware and sofiware performance specification
equipment user’s manual

data communications protocol

salety analysis of the developed design definition

disposition of design and/or documentation nonconformances
identified during this phase



f. the Software Design phase, which shall address the design of the
software architecture and program structure elements, and the
definition of software module functions:

(i)  Software Design Specification

(1) salety analysis of the soltware design

(ii1) disposition of design and/or documentation nonconformances
identified during this phase

the Software Coding phase, which shall address the following software
coding and testing activities of individual software modules:

(1)  soltware source code

(i1)  software module test reports

(1) safety analysis of the software coding

(v) disposition of nonconformances identified in this phase’s design
documentation and test results

. the Integration phase, which shall address the following equipment

testing activities that evaluates the performance of the software when
installed in hardwasre prototypical of that defined in the Design
Definition phase:

(i)  integration test reports

(1) safety analysis of the integration test results

(1i1) disposition of nonconformances identified in this phase’s design
documentation and test results

the Validation phase, which comprises the development and
implementation of the following documented test plans and
procedures:

(1)  validation test plans and procedures

(i1) validation test reports

(1) description of as-tested software

(iv) safety analysis of the validation test results

(v) disposition of nonconformances identified in this phase’s design
documentation and test results

(vi) software change control procedures, and

the Change Control phase, which begins with the completion of
validation testing, and addresses changes to previously validated
software and the implementation of the established software change
control procedures.

'
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B. Configuration Management Plan

(Satsfaction of the requirements presented herein shall result in the creation
of a Software Management Plan which is in full compliance with the
Acceptance Criteria for Item 6 presented in Table 3.4 of the Tier 1 design
certification material for the GE ABWR design.)

1.

2.137

The Configuration Management Plan shall define:

a.

\

the specific product or system scope 10 which it is applicable, the
organizational responsibilities for software configuration management,
and methods to be applied to:

(1) idenufy design interfaces
(ii) produce software design documentation
(1i1) process changes to design interface documentation and software

(1v)  process corrective actions 1o resolve deviations identified in

software design and design documentation, including notification

to end user of errors discovered in software development tools or

“~__other software L

(v) maintain Status of d(fsxgmacc documentation and developed
software design documentation

(v1) designate and control software revision status. Such methods shall
require that software code listings present direct indication of the
software code revision status

Within the defined scope and content of the Configuration
Management Plan, accepted methods and procedures for the above
activities are presented in the following documents:

(i)  IEEE 1042-1987, Guide to Software Configuration Management

(1)  IEEE 828-1983, Standard for Software Configuration
Management Plans

(i)  ANSI/IEEE-ANS-7-4.3.2-1982, Application Criteria for Digital
Computers in Safety Systems for Nuclear Facilities (10 be
replaced by the issued version of P 74.3.2, “Standard Criteria for
Digital Computers Used in Safety Systems of Nuclear Power
Generation Stations”™)

(iv)  1EC BB0-1986, Software for computers in the safety systems of
nuclear power stations

Note that within the set of documents listed above, differences may exist
regarding specific methods and criteria applicable to the Configuration
Management Plan. In situations that such differences exist, all of the
methods and criteria presented within those documents are considered
to be equally appropniate and valid and, therefore, any of the above
listed documents may be selected as the basis for elements of the CMP.



b. methods for, and the sequencing of, reviews to evaluate the compliance
of software design acuvities with the requirements of the CMP.

. o A ————_—

[c. the configuration management of tools (such as compilers) and

DEsEL We . e software development procedures.

2 ]
;S - d. methods for the dedication of commerical software for salety-related
\-‘Lﬁigf__/——-”—-~ Tl 3
DFsEA N#: . .
e. methods for tracking error rates during software development, such as
73 L_ the use of software metrics

- — —
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f. the methods for design record collection and retention.

S i
e e

C. Verification and Validation Plan

(Satisfaction of the requirements presented herein shall result in the creation
of a Verification and Validation Plan which is in full compliance witn the
Acceptance Criteria for Item 7 presented in Table 3.4 of the Tier 1 design
certification material for the GE ABWR design.)

1. The Verification and Validation Plan shall define:

a. that bascline reviews of the software development process are to be
conducted during each phase of the software development life cycle and
the scope and methods to be used in the baseline reviews to evaluate the
implemented design, design documentation, and compliance with the
requirements of the Software Management Plan and Configuration
Management Plan.

Within the defined scope and content of the Verification and Validation
Plan, accepted methods and procedures for the above activities are
presented in the following documents:

(i)  IEEE 1012-1986, Standard for Software Verification and
Validation Plans

(1)  ANSI/IEEE-ANS-7-4.3.2-1982, Application Criteria for Digital
Computers in Safcty Systems for Nuclear Facilities (10 be
replaced by the issued version of P 7-4.3.2, “Standard Criteria for
Digital Compurers Used in Safety Systems of Nuclear Power
Generation Stations”)

(ii1)  IEC 880-1986, Software for computers in the safety systems of
nuclear power stations

Note that within the set of documents listed above, differences may exist
regarding specific methods and criteria applicable to the Verification
and Validation Plan. In situations that such differences exist, all of the
methods and criteria presented within those documents are considered
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to be equally appropriate and valid and, therefore, any of the above
listed documents may be selected as the basis for elements of the V&VP,

b. that verification shall be performed as a controlied and documented
evaluation of the conformity of the developed drsi;,n to the
documentoed design requirements at cach phase ol baseline review.

e e e R ._______./"""—"\ -‘\
P . 3
DFSE A Me. /"¢ that the usc of commercial software and commercial dcvc'lopmcm tools
o for safety-related applications is a controlled and documented
7.1 - & | proucdun |

d. lhat vahdan(m shall be pcr{ormcd thmugh controlled and documented
testing of the developed software that demonstrates compliance of the
software with the software requirements specifications.

e. that for safety-related software, verification reviews and validation testing
are 10 be conducted by personnel who are knowledgeable in the
technologies and methods used in the de sign, but who did not develop
the software design 1o be reviewed and tested.

f. that for safety-related software, design verification reviews shall be
conducted as part of the baseline reviews of the design material
developed during the Planning through Integration phases of the
software devclopmcnt life-cycle (as defined in Criterion 1b, above), and
that validation 1esting shall be conducted as part of the bascline review
of the Validation phase of the software development life-cycle.

g. that validation testing shall be conducted per a documented test plan
and procedure.

h. that for non-safety-elated sofiware development, verification and
validation shall be performed through design reviews conducted as part
of the bascline reviews completed at the end of the phases in the
software development life cycle. These design reviews shall be
performed by personnel knowledgeable in the technologies and
methods used in the design development.

1. the products which shall result from the baseline reviews conducted at
cach phase of the software development life<cycle; and that the defined
products of the baseline reviews and the V&V Plan shall be documented
and maintained under configuration management.

j- the methods for identification, closure, and documentation of design
and/or design documentation nonconformances.

k. that the software development is not complete until the specified
verification and validation activities are complete and design
documentation is consistent with the developed software.



D. Completion of Software Development

{Sausfaction of the requirements presented herein shall result in the
documented completion of the software development process which is in full
comphiance with the Acceplance Criteria for Item 8 presented in Table 3.4 of
the Tier 1 design certification material for the GE ABWR design.)

Software development has been completed as deflined in the SMP, CMP, and
VEVP.
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Table 3.4: Instrumentation and Control

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria
Haroware/Software Development
5. A Software Management Plan (SMP) 5. The Software Management Plan shall be 5. The Software Management Plan shall
shall be instituted which establishes reviewed. define:
that software for embedded controi
hardware shall be developed, a the organization and responsibilities for
designed, evaluated, and documented development of the software design;
per a design development process that the procedures to be used in the
addresses, for satety-related software, software development; the
software safety issues at each detined interrelationships bet software
phase of the software development design activities, andithe methods for
conducting are safety analyses

The SMP shali state that the output of f e —
each defined phase shall be / b. that the software safety analyses to be
documents that define the current state conducted for safety-related software
of that design phase and the design applications shall: §

input for the next design phase
() identiy software requirements

having safety-related implications
(1) document the identitied salety-
. critical software requirements in
s 91 the software requirements |
L EsEt Me. ‘ specification for the desian |
d \ (i) incorporate in to the software J
design the safety-critical software |
functions specified in the software l
requirements specitication .
(iv) identify in the coding and testof |
the developed software, those “
software modules which are ‘.
safety-critical T
(v} evaluate the performance of the '
developed safety-critical software
modules when operated within the |



Table 3.4: Instrumentation and Control

inspections, Tests, Analyses and Acceptance Criteria

Design Commitment inspections, Tests, Analyses Acceptance Criteria
Hardware/Software Development
5. {continued) 5. (continued) 5. b {continued)

\
constraints imposed by the '
established system requirements,
; software design, and computer

‘ hardware requirements
o R L evaluate software interfaces of
pE Stk Ne- ! ; safety-critical software modules
t(viy  perform equipment integration
| and validation testing that
| demonstrate thal safety-related
functions identitied in the design
input requirements are
operational

¢ the software engineering process,
which is composed of the following life-
cycle phases:

{ii Planning

{i) Design Definition
() Software Design
(ivy Software Coding
(v Integration

{vi) Validation

{(viij Change control

d. the Planning phase design activities,
which sha' ~ddress the foliowing
system des.gn requirements and
software development plans:



Table 3.4: Instrumentation and Control

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria
Hardware/Software Development
A Configuration Management Pian (CMP) 6. The Configuration Management Plan shall 6. The Configuration Management Plan shall
shall be instituted which establishes the be reviewed define:
methods for maintaining, throughout the
software design process, the design a the specific product or system scope to
documentation, procedures, evaluated which it is appiicable
software, and the resultant as-installed
software. b. the organizational responsibilities for

software configuration management.
¢. methods to be applied to:

(it dentify design interfaces
(0} produce software design
documentation
(ni} process changes to design
interface documentation and
sign documentation
,/(;v) process corrective actions 1o
i resolve deviations identified in
\ software design and design
1.1 8'3 —t documentation, including
Ll notification 1o end user of errors
discovered in software
development tools or other /
software . .
(v} ‘maintain status of design interface
documentation and deveioped
software design documentation

R O—



Table 3.4: Instrumentation and Contro!

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria
Hardware/Software Development
6. (continued) 6. (continued) 6. ¢. (continued)

{vi) designate and control software
revision =tatg  Such methods
shosi require 4.3t software code
nstings present firect indication of
the software cod » revision status.

d. methods for, and the u.:quencing of,
reviews to evaluate the compliance of
software design activities with the
requirements of the CMP.

o

/e the configuration management of tools
{such as compilers) and software
development procedures

DFSER No. 7.2.8-2 1
' 1. methods for the dedication of
f commercial software for safety-related
usage. e e i el
9. methods for tracking error rates during \

pFsen No. 7.7.¥- | software gevelopment, such as the use )

L___of software metrics e x

h. the methods for design record
collection and retention



Table 3.4:

Instrumentation and Control

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment
Hardware/Software Developmerit

7. A Veritication and Validation Plan (VAVP}
shall be developed which establishes that
developed software shall be subjected to
structured and documented verification
reviews and validation testing, including
testing of the software integrated into the
target! hardware.

inspections, Tests, Anaiyses

7. The Verification and Validation Plan shall be

reviewed.

pesel

Ne. 1.1.¥

Acceptance Criteria

7. The Verification and Validation Pian shall
detine:

a that baseline reviews of the software
development process are to be
conducted during each phase of the
software development life cycle.

b. the scope and methods to be used in
the baseline reviews to evaluate the
implemented design, design
documentation, and compliance viith
the requirements of the Software
Management Plan and Configuration
Management Plan.

f/

[ ¢ the requirements for use of commercial
L software and commercial development
{ools for safety-reicted applications and

\ that such use is a controlied and
\ documented procedure

~ e

d. that verification shall be performed as a
controlied and documented evaluation
of the conformity of the developed
design to the documented design
requirements at each phase of baseline
review.

e e

’



Table 3.4: Instrumentation and Control

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria
Electromagnetic Compatibility
9. (continued) 9. {continued) S. {continued)

d. Test results that show the component or
system is qualified for its appiication and
remains qualified after being subjected to
the range of normal and abnormal test
conditions specified above

The pian establishes separate tes! regimes
for each element of EMC, using the following
approaches

a  EMIland BF! Protection. An EMC
compliance plan for each component or
system identified in the design
commitment includes tests to ensure that
equipment performs its functions in the
presence of the specitied EMI/RFI
electrical noise environment, including
the low range of the EMI spectrum,
without equipment damage, spurious
actuation, or inhibition of functions.

i ————————— ———.

As part of the pre-operational test _‘
program, the EMC compliance plan calls
for each system tc be subjected to
EMUI/RFI testing. Tests cover potential
EMI and BF1 susceptibility over four
different paths:

. (1) Power feed lines

e~ {2) Input signal lines
et Ve 2.7 L% (3 Output signal lines
pFS ] (4) Radiation



Table 3.4:

Inspections, Tests, Analyses and Acceptance Criteria

Design Commitment
Electromagnetic Compatibility
9. (continued)

inspections, Tests, Analyses

9. {centinued)

DrsEfl No. 2.7.1.15-

L.

Instrumentation and Control

Acceptance Criteria

9. (continued)

-

—
I

f
[}

. receivers

The test program includes sensitivity of\
components identified in the design
commitment to radiation trom plant
communication transmitters and /

ESD Profection. An EMC compliance
plan for each compoenent or system
identified in the design commitment
includes tests fo ensure that
equipment performs its functions in the
presence of the specitied ESD
environment without equipment
damage, spurious actuation, or
inhibition of functions

The plan is structured on the basis that
ESD protection is confirmed by factory
tests that determine the susceptibility
of instrumentation and control
equipment to electrostatic discharges.

The EMC compliance plan includes
standards, conventions, design
considerations, and test procedures to
ensure ESD protection of the plant
instrumentation and coi. rol equipment.

The plan requires test documentation
confirming that | for each component

tested, the following conditions have

been met:




