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(a) signals to the APRM that are proportion-
al to the local neutron flux at various
locations within the rector core;

(b) signals to alarm high or low local
neutron flux; and

(c) signals proportional to the local neu-
tron flax to drive indicating meters and
auxiliary devices to be used for opera-
tor evaluation of power distribution,
local heat flux, minimum critical power,
and fuel burnup rate.

712614 Average Power Range Monitor (APRM)
Subsystem

(1) Safety Design Bases
General Functional Requir-ments:

The general functional requirements are
that, under the worst permitted input LPRM
bypass conditions, the APRM shall be capable
of generating a trip signal ia response to
average neutron flux increases in time to

prevent fuel damage,, The independence and
//ﬂmar‘mpfw.m into the design of
the APRM shall be consistent with the
safety design bases of the reactor protec-

tion system. The RPS design bases are

B4

Tha AR gennedid

vip funihon e discussed in Subsection 7.1.2.2.
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o Tt 'w.u ‘ Specific Regulatory Requirements:
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alse s o The specific regulatory requirements appli-
BT cable to the controls and instrumentation
?,Nt f ' ;& for the meutron monitoring system are listed
Huzr' "‘" in Table 7.1-2
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Pl ruw ':‘ (2) Nonsafety-Related Design Bases
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- The APRM shall provide the following
and functions:

(a) A continuous indication of average
reactor power (neutron flux) from a 1%
to 125% of rated reactor power which
shall overiap with the SRNM range.
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pasi® ~? ik gl (b) Interlock signals for blocking further
pp ™ ufieh ™ rod withdrawal to avoid an unnecessary
tomn® M scram actuation;
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(c) A reference power level to the reactor
recirculation system; and

(d) A simulated thermal power signal derived
from each APRM channel which approxi-
mates the dynamic effects of the fuel.

(¢) A continuous LPRM/APRM display for de-
tection of any neutron flux oscillation
in the reactor core. This includes the
flux oscillation detection
in the APRM. ,9"‘“_' in o tprarted

(D A reference pover iwvel to permit trip
in response ' a reactor internal pump
trip.

712615 Astomated Traversing Incore Probe
(ATIP) Subsystem

(1) Safety Design Ba.es

None. The ATIP subsystem portion of the NMS
is nonsafety-related and is addressed in
Section 7.7

(2) Nonsafery-Related Design Bases

The ATIP shall meet the following power
generation design bases:

(a) Provide a signal proportional to the
axial neutron flux distribution at the
radial core locations of the LPRM detec-
tors (this signal shall be of high pre-
cision to allow relisble calibration of
LPRM gains) and

(b) Provide accurate indication of the axial
position of the flux measurement to
allow pointwise or continuous measure-
ment of the axial neutron flux distri-
pution.

(c) Provide a totally automated mode of
operation by the computer-based
automatic control system.

71.26.16 Multi-Channel Rod Block Meaitor
(MREM) Subsystem

(1) Safety Design Basis

7.1-15
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Noog; The MREM subsystem portion of the NMS
is non safety-related and is addressed in
Section 7.7.

(2) Non Safety-Related Design Basis

The MRBM shall meet the following power
generation design bases.

(a) Provide a signal proportional to the
average neuiron flux level surrounding
the control rod(s) being withdrawn and

(b) Issue a rod block signal if the pre.et
setpoint is exceeded by this siganl
which is propotional to the average
neutron flux level siganl.

| 71262 Process Radistion Moaitoring System
(1) Safety Design Bases
General Functional Requirements:

| (a) Moumitor the gross radiation level

LIASI00AF
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4X 4= 16total T/C's.
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| TABLE 7.1-1
COMPARISON OF GESSAR 11
AND ABWR 1&C SAFETY SYSTEMS (Continued)
1&C System GESSAR II Design ABWR Design
RHR/SHUTDOWN 2 shutdown cooling 3 shutdown cooling
COOLING MODE: divisions with 1 suction divisions with 3 suction
line. lines (1 per division).
REMOTE SHUTDOWN RCIC controls available at RCIC controls replaced with
SYSTEM (RSS): RSS panel HPCF controls at RSS panel.
SAFETY RELATED Designed to address Designed to address
DISPLAY Regulatory Guide 1.97, Regulatory Guide 1.97,
INSTRUMENTATION: Rewvision 2. Rewvision 3.
NEUTRON MONITORING Class 1E subsystems are Class 1E subsystems are
SYSTEM (NMS): IRM, LPRM & APRM. SRNM (combines IRM & SRM),
LPRM & APRM.
NEUTRON MONITORING Non-Class 1E subsystems are Non-Class 1E subsynen? arC
SYSTEM (Continued) SRM, TIP, and RBM ATIP, and MREM
PROCESS RADIATION ~  cmeeeccareeee New system definition and
MONITORING SYSTEM organization, .., new
(PRMS): instrument groupings,
locations and ranges.
DRYWELL VACUUM Electrically operated Mechanically operated
RELIEF SYSTEM: butterfly valve. relief valve.
CONTAINMENT (Not in GESSAR II scope) New system provided in ABWR
ATMOSPHERE scope.
MONITORING SYSTEM
{(CAMS):
SUPPRESSION POOL 4 thermocouples in each of 4 thermocouples in each of
TEMPERATURE the 4 containment 2 divisions at cach of 6
MONITORING quadrants. locations.
SYSTEM:

4X2X6 = 481otal T/C's.

Added suppression pool
level monitoring function.
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(10) Operational Considerations

The LPRM is a monitoring system with no
special operating considerations.

76.1.1.22 Average Power Range Monitor

Subsystem - lnstrumpentauoa and Controls -

( Aus

Assignment of LPRMs to the APRM channels is
shown in Figure 7.6-1. The LPRM detector in
the bottom position of a detector assembly
is designated Position A. Detectors above A
arc designated B and C, and the uppermost
detector is designated D.

J
=

Amendment 29
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Reactor core flow signals derived from core
plate pressure drop signals are used in the
APRM to provide the flow biasing for the
APRM rod block and thermal power trip set-
point functions. There is also the Core
Flow Rapid Coastdown Trip logic in the APRM
unit which utilizes the core flow and

D Tl petsase o Ry » ',:‘;"_""r' ‘:"f' ;:A), by« 1 wf'»“”(hcrmal power information. The core flow
{1) General Description v ( Afiw ) “,signal is also used to provide the flow
2 /u) QA.U'? pwey Rovge Tloo b ' biasing for the MRBM rod block setpoint ~ . ™
e The APRMs are safety-related systems. There functions. /__/{/,/“ W .
o are four divisions of DMC-based APRM b) OFRH! pie ‘G/
channels located in the control room. Each he APRmduwmng unu Talso " a’m'
channel receives 52 LPRM signals as inputs, Cincludes an algorithm that provides S —
and averages such inputs to provide a core detaction of core oscillation resulied from
av:rage neutron flux that corresponds to the coreNn-stability. This algerithm uses
ccre average power. One APRM channel is LPRM signals as input, and is based on a
a.sociated with each trip system of the specific detection methodgfogy that relates
rzactor protection system (RPS). However, the fuel t\;mal response in the fuel
irip signal from each APRM division also assembly to the LPRM signals. It includes
yroes to all other RPS divisions, with proper a specific mi(ho of combining the
signal isolation. Q (opiter) designated LPR signals in order to detect
s S - B LW} Cieiietien Pl T e i f localized core/pawer ascillation. The
wh ] B@ “Power Sources | algorithm moﬁitors core power oscillation
I- ) ‘. responses and provides a trip signal if a
= el APRM channels are powered as listed below: growing oscillatiom with sufficient
‘ magnitide is detected. The COL applicant
Channels ' will saplement the oscillabon monitoring
logic function in the APRM ih accordance
A 120 VAC UPS Bus A (Division 1) th the conclusion of the BWK}Owners'
B 120 VAC UPS Bus B (Division II) Lroup as required in Subsection 7.6.3.
C 120 VAC UPS Bus C (Division III)
D 120 VAC UPS Bus D (D{LV\:I(')/I: j\L/) L OF )((4) Trip Function M'J Oﬂn trps
The trip units and LPRM channcl%assocxated * APRM system tripyare summarized in Table
with each APRM channel receive power from 7.6-2. The APRM scram trip function is
the same power supply as the APRM channel. discussed in Section 7.2. The APRM rod
block trip function is discussed in Subsec-
(3) Signal Conditioning tion 7.7.1.2. The APRM channels also pro-
(&) Apret vide trip signals indicating when an APRM
APRM channel clectronic equipment averages channel is upscale, downscale, bypassed, or |
the output signals from a selected set of inoperative, Hn
LPRMs. The averaging circuit automatically in W PAS
corrects for the number of unbypassed LPRM  (5) Bypasses and Interlocks 7.‘ c'
amplifiers providing input signals. () APk i

One APRM channel may be bypassed at any ~
time. The trip logic will in essence
become two-out- of-three instead of
wo-out-of-four. N

e ——

() JPAN‘; Ir\r‘/" 7.{-.,-"&
(6) Redundancy “

e U —————

(®) Ape
uxA&dependcm channels of the APRM moni-
tor neutron flux. Any two of the four APRM
chapnels which indicate an abnormal

765
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condition will initiate a reactor scram via
the RPS two out of four logic. The
redundancy criteria are met so that in the
event of a single failure under permissible
APRM bypass conditions, a scram signal can
be generated in the RPS as required.

v"n‘ C?({” SN

(7) Testability

APRM channels are calibrated using data
from previous full-power runs and are test-
ed by procedures in the instruction
manual. Each APRM channel can be tested
individually for the operability of the
APRM scram and rod-blocking functions by
introducing test sign:lsy\A self-

Ty indoles #5 10K fov
e ()r‘cm trp f\,v}«-'-

23A610AF
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Insert 7.6.1.1.2.2.A

The OPRM is a functional subsys*»=m of the APRM. There are four safety related OPRM
channels, with each OPRM channel as part of each of the four APRM channels. Each OPRM
receives the identical LPRM signals from the corresponding APRM channel as inputs, and forms
a special OPRM cell configuration to monitor the neutron flux behavior of all regions of the core.
Each OPRM cell represents a combination of four LPRM signals selected from the LPRM
strings at the four corners of a four-by-four fuel bundle square region. The OPRM detects
thermal hydraulic instability and provides trip functions to the RPS to suppress neutron flux
oscillation prior to the violation of safety thermal limits. The OPRM trips are combined with the
APRM trips of the same APRM channel, to be sent to the RPS.

Insert 7.6.1.1.2.2.B

The OPRM utilizes the same set of LPRM signals used by the APRM that this OPRM channel
resides with. Assignment of LPRMs to the four OPRM channels is identical to that referred in
Figure 7.6-1, which shows the assignment of LPRMs to APRM channels. Figure 7.6-1A shows
the detailed LLPRM assignments to the four OPRM channels, including the assignment of LPRMs
to the OPRM cells. With this configuration, each OPRM cell receives four LPRM inputs from
four LPRM strings at the four comers of the 4X4 fuel bundle square. For locations near the
periphery where one corer of the square does not include an LPRM string, the OPRM cells use
the inputs from the remaining three LPRM strings. The overall axial and radial distribution of
these LPRMs between the OPRM channels are uniform. Each OPRM cell has four LPRMs from
all four different elevations in the core. LPRM signals may be input to more than onc OPRM
cell within an OPRM channel. The LPRM signals assigned to each cell are summed and
averaged to provide an OPRM signal for this cell.

The OPRM trip protection algorithm consists of trip logic depending on signal oscillation
magnitude and signal oscillation period. For each cell, the peak to average value of the OPRM
signal is determined to evaluate the magnitude of oscillation and to be used in the setpoint
algorithm. The OPRM signal sampling and computation frequency is well above the expected
thermal-hydraulic oscillation frequency, essentially producing a continuous and simultaneous
measurement of all defined OPRM cells.

Insert 7.6.1.1.2.2.C

For the OPRM trip function, the response signal of any one OPRM cell that satisfies the
conditions and criteria of the trip algorithm will cause a trip of the associated OPRM channel.
Figure 7.6-2A illustrates the trip algorithm logic. The OPRM trip function does not have its own
inoperative trip for insufficient number of total LPRM inputs in the channel. It follows the
APRM's inoperative trip of insufficient number of LPRMs.

Insert 7.6.1.1.2.2.C.2
The APRM also sends an interlock signal to the SSLC similar to the SRNM "ATWS Permissive”

signal (see Table 7.6-2), If this signal is a "high" level indicating the power is above the setpoint,
this will allow the SSLC to permit ATWS protection action.




Insert 7.6.1.1.2.2.D

The OPRM channel bypass is controlled by the bypass or the APRM channel it resides with.
Bypass of the APRM channel will bypass the OPRM trip function within this APRM channel.
The OPRM also has its own separate automatic bypass functions: the OPRM trip output from
any cell 1s bypassed if: 1) the APRM reading of the same channel is below 30% of rated power or
the core flow reading 1s above 60% of rated flow; ii) the number of LPRM inputs to this OPRM
cell is less than two, Any LPRM input to an OPRM cell is automatically bypassed if this LPRM
reading is less than 5% of full scale LPRM reading. There is no requirement as to how many
cells per OPRM channel has to be active since this is controlled by the total number of active
LPRMs to the APRM channel.

Insert 7.6.1.1.2.2.E

There are four independent and redundant OPRM channels. The above APRM redundancy
condition also applies to OPRM since each OPRM is a subsystem of each of the four APRM
channels. The OPRM trip outputs also follows the two-out-of-four logic as the APRM since the
OPRM trip output are combined with other APRM trip outputs in each APRM channel to
provide the final trip outputs to the RPS. In addition, each LPRM string with four LPRM
detectors provides one LPRM input to each of the four independent and redundant OPRM
channels. This provides core regional monitoring by redundant OPRM channels.

Insert 7.6.2.1.1 2)

It also includes a trip from the OPRM subsystem algorithm which will issue a trip if the OPRM
algorithm detects a growing neutron flux oscillanon indicating core thermal hydraulic instability.
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7.62 ANALYSIS

76.2.1 Neutron Monltoring System -
Instrumentation and Contrels

The analysis for the trip inputs from the neu-
tron mosnitoring system (NMS) to the reactor pro-
tection (trip) system (RPS) are discussed in
Subsection 7.2.2.

The automatic traversing in-core probe (ATIP)
is a nonsafety-related subsystem of the NMS and
is analyzed along with the other nonsafety sub-
systems in Section 7.7.2.

This analysis section covers only the safety-
related subsystems of the neutron monitoring sys-
tem (NMS). These include the following:

(1) Startup range peutron monitor subsystem
(SRNM)

(2) Power range neutron monitor subsystem (PRNM)
which includes:

(a) Local power range monitor subsystem
(LPRM), and

(b) Average power range monitor subsystem
(APRM)

76.2.1.1 Genersl Functional Requirements
Conformance

(1) Startup range neutron mounitors (SRNM)

The SRNM subsystem is designed as a safety-
related system that will generate » scram
trip signal to prevent fuel damage in the
event of any abnormal reactivity insertion
transients while operating in the startup
power rauge. This trip signal is generated
by either an excessively high neutron flux
level, or too fast a neutron flux increase
rate, i.e., reactor period. The setpoints of
these trips are such that under worst reac-
tivity insertion transients, fuel integrity
is always protected. The independence and
redundancy requirements are incorporated into
the design of the SRNM and are consistent
with the safety design bases of the reactor
protection system (RPS).

23A6100AF
REV. B

(2) Power range neutron monitors (PRNM)

The PRNM subsystem provides information for
monitoring the average power level of the
reactor core and for monitoring the local
power level when the reactor power is in the
power range (above approximately 15%
power). It mainly consists of the LPRM and
the APRM subsystems,

(a) LPRM subsystem: The LPRM is designed to
provide a sufficient number of LPRM
signals to the APRM system such that the
safety design basis for the APRM is
satisfied. The LPRM itself has no
safety design basis. However, it is
qualified as a safety-related system.

(b) APRM subsystem: The APRM is capable of
generating a trip signal to scram the
reactor in response to excessive and
unacceptable neutron flux increase, in
time to prevent fuel damage. Such a
trip signal also includes a trip from
the simulated thermal power signal which
is a properly delayed signal from the
APRM signal. It also includes a trip
from a core flow based algorithim which
will issue a trip if the core flow
suddenly decreases too fast, called the
Core Flow Rapid Coastdown trip.

ni,—

B

—

scram function is assured so long as 7~ Jused

minimum LPRM input requirement to the
APRM is satisfied. If such an input

requirement cannot be met, a trip signal —

shall aiso be generated. The indepen-
dence and redundancy requirements are
incorporated into the design and are
consistent with the safety design basis
of the RPS.

76212 Specific Regulaiory Requirements
Conformance

Table 7.1-2 identifies the ncutron monitoring
system (NMS) and the associated codes and stan-
dards applied in accordance with the Standard
Review Plan. The following analysis lists the
applicable criteria in order of the listing on
the table, and discusses the degree of confor-
mance for cach. Any exceptions or clarifica-
tions are so noted.

1612

2k Ll

i —



ABWR
Standard Plant
(1) 10CFRS50.55a (IEEE 279):

(2

-5

The safety-related subsystems of the neutron
monitoring system consist of four divisions
which correspond and interface with those of
the reactor protection system (RPS). This in-
dependence and redundancy assure that no sin-
gle failure will interfere with the system
operation,

The 10 SRNM chaanels are divided into four
divisions and independently assigned to three
bypass groups such that up to three SRNM
channels are allowed to be bypassed at any
time while still providing the required
monitoring and protection capability.

There are 52 LPRM assemblics evenly distri-
buted in the core. There are four LPRM de-
tectors on each assembly, evenly distributed
from near the bottom of the fuel region to
near the top of the fuel region (Figure 7.6-
3). A total of 208 detectors are dividied
and assigned to four divisions for the four
APRMs. Any single LPRM detector is only
assigned to one APRM division. Electrical
wiring and physical separation of the div.
sion is optimized to satisfy the safety-re
lated system requirement. With the four di-
visions, redundancy criteria are met since a
scram signel can still be initiated with a
postulated single failure under allowed APRM
bypass conditions.
» 76,004l nfoyms Fual
Alf é‘émijo’nenu used for the safety-related
functions are qualified for the environments
in which they are located (Sections 3.10 and
3.11).

All applicable requirements of IEEE 279 are
met with the NMS,

General Design Criteria (GDC):

In accordance with the Standard Review Plan

for Section 7.6, and with Table 7.1-2, the

following GDCs are addressed for the NMS:
{ 7‘;,/}

(a) Criteria: GDCs 2, 4, uy{i. 19, and 28.

(b) Conformapss: The NMS is in compliance
with these GDCs, in part, or as a whole,

7‘\' ‘” ;,,‘»4/‘1‘.. <5 A& ‘l‘(
Cxprp ! cadle vera v il

(4

2IA6100AF
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as applicable. The GDCs are generi-
cally addressed in Subsection 3.1.2.

(3) Regulatory Guides (RGs):

In accordance with the Standard Review Plan
for Section 7.6, and with Table 7.1-2, the
following RGs are addressed for the NMS:
(a) RG 1.22 - Periodic Testing of Protec-
tion System Actuation Functions

(b) RG 1.47 - Bypassed and Inoperable
Status Indication for Nuclear Power
Plant Safety Systems

(¢) RG 1.53 - Application of the Single-
Failure Criterion to Nuclear Power
Protection Systems

(d) RG 1.75 - Physical Independence of
Electric Systems

(¢) RG 1.97 - Instrumentation During and
Following an Accident

(h RG 1.105 - Instrument Setpoints for
Safety-Relaied Systems
(8 RG 1.118 - Periodic Testing of Elec-

tric Power and Protection Systems

The NMS conforms with all the above-listed
RGs assuming the same interpretations and
clarifications identified in Subsections
7.2.2.2.1(7), 7.3.2.1.2 and 7.1.2.10.

Branch Technical Positions (BTPs):

In accordance with the Standard Review Plan
for Section 7.6, and with Table 7.1-2, only
BTPs 21 and 22 are considered applicable
for the NMS. They are addressed as
follows:

BTP ICSB 21 - Guidance for Applica-
tion of Regulatory Guide 1.47:

(a)

The ABWR design is a single unit, Therefore,

item B-2 of the BTP is not applicable. Other-
wise, the NMS is in full compliance with this
BTP.

7613
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TABLE 7.6-2

APRM TRiP FUNCTION SUMMARY
a) APF t”‘ an &<+th_

Trip Function Trip Setpoint (Nominal) Action
APRM Upscale Flux Trip 118% power Scram (only in RUN)
13% power Scram (not in RUN)
APRM Upscale Flux Alarm Flow biased Rod Block (only in RUN)
10% power Rod Block (not in RUN) |
APRM Upscale Thermal Trip  Flow biased Scram
APRM Inoperative LPRM input too few Scram & Rod Block
Module interlocks
disconnect
Electronics Critical
Failure
APRM Downscale 5% e Rod Block
_ N (ouly in RUN) |
ﬁfﬁ'H ATws PErmissiye £ % All Mode s { Nste l)
Core Flow Rapid Coastdown fixed (No(e;) Scram
(Note 1) (bypassed with thermal
power < 77%)
Core Flow Upscale Alarm 120% (flow) Rod Block (only in RUN) I
70‘-;“‘” has dp 1ad tafe o foner level helow L“‘*Pcu' o evder 4o vEmuve the prrm e

1. The trip signal is based on a flow-dependent equation. If the flow decreases too
fast, the trip signal will reach the fixed trip setpoint and initiate scram. The
thermal power signal is only used as a criteria to determine scram bypass
condition,

Amendment 27 1622
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(1)

(a)
(b)
(c)
(d)
(e)
(h
®)
(h)
0]
@
(k)
Q)
(m)
(n)
(»)
(p)
(q)
(r)
(s)
(v
(u)
(v)
(w)
(x)
)]

(3)

(a)
(b)
(c)
{d)
(e)

Amendment 27

Table 7.6-5
REACTOR OPERATOR INFORMATION FOR NMS

The NMS provides for the activations of the following annunciations at the main control pancl.

SRNM neutron flux upscale reactor trip
SRNM neutron flux upscale rod block
SRNM neutron flux downscale rod block
SRNM short period reactor trip
SRNM short period rod block
SRNM inoperative reactor trip
SRNM period withdrawal permissive alarm
APRM neutron flux upscale reactor trip
APRM simulated thermal power reactor trip
APRM neutron flux upscale rod block
APRM neutron flux downscale rod block
Reference APRM downscale rod block
APRM system inoperative reactor trip
Core flow rapid coastdown reactor trip
APRM core flow upscale rod block
Core flow inoperative alarm
LPRM neutron flux upscale alarm
LPRM neutron flux downs-ale alarm
ATIP automatic control system (ACS) inoperative
ATIP indexer inoperative
ATIP control function inoperative
ATIP valve control monitor function inoperative
MRBM upscale rod block
MRBM downscale rod block
MRBM inoperative rod block
Core flow abnormal
ofRM Teip
The NMS provides status information on the dedicated NMS operator interface on the main
control panel as follows:

APRM power level
Sram power level

The dedicated operator interface of the NMS provides logic and operator controls, so that ihe
operator can perform the following functions at the maio control panel:

APRM channel bypass

SRNM channel bypass

MRBM main channel bypass

MRBM rod block logic test

MRBM upscale rod block setpoint setup to intermediate/normal

76231
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Table 7.6-5
REACTOR OPERATOR INFORMATION FOR NMS (Continued)
(4) Certain NMS - related information, available on the main control panel, is implemented in
software which is independent of the process computer. This information is listed below.

(a) SRNM reactor period
(b) SRNM count rate
(¢) APRM bypass status
(d) APRM neutron flux upscale trip/inoperative stalus
(e) APRM neutron flux upscale rod block status
() APRM neutron flux downscale rod block status
(g) APRM core flow upscale rod block status
(h) APRM core flow rapid coastdown status
(i) APRM core flow rapid coastdown bypass status
(j). MRBM main channei bypass status
(k) MRBM main channel upscale rod block status
(1) MRBM main channel downscale rod block status
(m) MRBM main channel inoperative rod block status
(n) MRBM main channel core flow abnormal rod block status

[ (o) OPRM Trp Sietus

{ (5) CRT displays, which are part of the performance monitoring and control system, provide

\ certain NMS-related displays and controls on the main control panel which are listed below:
(a) SRINM upscale trip/inoperative status
(b) SRNM reactor period trip status
(¢) SRNM upscale rod block status
(d) SRNM reactor period rod block status
(¢) SRNM downscale rod block status
(f) SRNM bypaas status
(g) SRNM period historical record
(h) SRNM count rate historical record
(i) SRNM period-based permissive
(j) LPRM string selected for status readings
(k) LPRM neutron flux level (Designated group of LPRMs displayed upon selection of certain

single rod or gang of control rods)
(I) LPRM bypass status
(m) LPRM neutron flux downscale alarm status
(n) LPRM neutron flux upscale alarm status
(0) Number bypassed LPRMs and APRM channel
(p) APRM simulated thermal power reactor trip status
(q) APRM core flow
(r) Core flow historical record
(s) APRM neutron flux
(1) APRM simulated thermal power trip setpoint
(u) APRM simulated thermal power
(v) APRM simulated thermal power record
(w) Reference APRM downscale rod block status (One for each MRBM main channel)
{x) MRBM main channel block level status
(y) MRBM main channel upscale (normal) rod block setpoint
(z) MRBM main channel upscale (intcrmediate) rod block setpoint
Amendment 27 76232
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Table 7.6-5

REACTOR OPERATOR INFORMATION FOR NMS (Continued)

(aa)
(ab)
(ac)
(ad)
(ac)
(af)
(ag)
(ah)
(a1)
(aj)
(ak)
(al)
(am)
(an)
(a0)

) - LPR# e
ACRONYMS oG ket 4k P

NMS

SRNM - Stariup Range Neutron Monitor (as) off"

MRBM main channel upscale (low) rod block setpoint

MRBM main channel upscale (normal) rod block setpoint historical record
MRBM main channel upscale (intermediate) rod block setpoint historical record
MRBM main channel upscale (low) rod block setpoint historical record

MRBM subchannel inoperative status

MRBM subchanne! upscale rod block status

MRBM subchannel downscale rod block status

MREBM subchannel intermediate level transfer rate

MRBM subchannel normal level tranufer rate

MRBM subchannel reading e

MRBM subchannel reading historical record '
MR BM subchannel setup permissive
MRBM gain adjustment failed

No rod selected (MRBM) /:
Peripheral rod selected (MRBM)//

(aap) OfRM  Tap Sutpe.

| "‘?\’ OPR# tel’

Sy (ar) of 11 T,._'P oty
- Neutron Monitoring System

APRM - Average Power Range Mouitor

LPRM - Local Power Range Monitor T

ATIP

MRBM - Multi-channel Rod Block Monitor —

CRT

Amendment 27

- Automatic Traversing In-Core Probe

- Cathode Ray Tube
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GE Nuclear Energy
Generg! Lrectric Company
178 Curiner Avenge, San Jose CA 95125
June 28, 1993 Docket No. STN 52-001

Chet Poslusny, Senior Project Manager

Standardization Project Directorate

Associate Directorate for Advanced Reactors
and License Renewal

Office of the Nuclear Reactor Regulation

Subject:  Submiital Supporting Accelerated ABWR Schedule - Oscillation Power
Range Monitor (OPRM)

Dear Chet:

Enclosed are SSAR markups responding to the NRC Staff request to provide an Oscillation
Power Range Monitor (OPRM) for the ABWR. The design is the BWROG LPRM based
OPRM (Option I11 applicable to ABWR).

Please provide a copy of this transmittal to Jim Stewart.

Sincerely,

CH}@O

Jack Fox
Advanced Reactor Programs

ee: Fred Chao (GE)

Alan Beard (GE)
Norman Fletcher (DOE)
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(a) signals 1o the APRM that are proportion-
al to the local neutron flux at various
locations within the rector core;

(b) signals to alarm high or low local
peutron flux; and

(c) signals proportional to the local neu-
tron flux to drive indicating meters and
auxiliary devices to be used for opera-
tor evaluation of power distribution,
local heat flux, minimum critical power,
and fuel burnup rate.

112614 Average Power Range Moaitor (APRM)
Subsystem

(1)

Safety Design Bases
General Functional Requirements:

The general functional requirements are
that, under the worst permitted input LPRM
bypass conditions, the APRM shall be capabie
of generating a trip signal in response to
average neutron flux increases in time to

prevent fuel damage,, The independence and
[ redun in rated into the design of
X the APRM shall be consistent with the
safety design bases of the reactor protec-

Tha ApRA 1"‘"‘*“

brp A*“““n
e Avp A
" - '&'-175

opitrt #*5 a

1% M w qﬁ"j

tion system. The RPS design bases are
discussed in Subsection 7.1.2.2.

Specific Regulatory Requirements:

The specific regulatory requirements appli-
cable to the controls and instrumentation
for the neutron monitoring system are listed
in Table 7.1-2.

Nousafety-Related Design Bases

The APRM shall provide the following
functions:

(a) A continuous indication of average
reactor power (neutron flux) from a 1%
to 125% of rated reactor power which
shall overlap with the SRNM range.

(b) Interlock sigoals for blocking further
rod withdrawal to avoid an unnecessary
scram actuation;

TABI00AF
S— . A

(c) A reference power level to the reactor
recirculation system; and

(d) A simulated thermal power signal derived
from each APRM channe! which approxi-
mates the dynamic effects of the fuel.

(¢) A contiouous LPRM/APRM display for de-
tection of any neutron fux oscillation
in the reactor core. This includes the
flux oscillation detectio
in the APRM. olgri e, L porertal

() A reference power level to permit trip
in response (o a reactor internal pump
trip.

712615 Automated Traversing Incore Probe
(ATIP) Subsystem

(1) Safery Design Bases

None. The ATIP subsystem portion of the NMS
is nonsafety-related and is addressed in
Section 7.7

(2) Nonsafety-Related Design Bases

The ATIP shall meet the following power
generation design bases:

(a) Provide a signal proportional to the
axial nentron flux distribution at the
radial core locations of the LPRM detec-
tors (this signal shall be of high pre-
cision to allow reliable calibration of
LPRM gains) and

(b) Provide sccurate indication of the axial
position of the flux measurement 10
allow pointwise or continuous measure-
ment of the axial neutron flux distri-
bution.

(¢) Provide a totally automated mode of
operation by the computer-based
automatic control system.

712616 Multi-Channel Rod Block Monitor
(MRBM) Subsystess

(1) Safety Design Basis

7.1-15
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(2)

Nong.The MREM subsystem portion of the NMS
i. gon tafetverelated and is addressed in

S5 nitnn Y
e msawae T

Non Salety-Related Design Basia

The MRBM shall meet the following power
generation design bases.

(a) Provide a signal proportional to the
average neutron flux level surrounding
the control rod(s) being withdrawn and

(b) Issue a rod block signal if the preset
setpoint is exceeded by this sigasl
which is propotional to the average
neutron flux level siganl.

| 71252 Process Radiation Moaltoring System

(1)

Safety Design Bases
General Functional Requirements:

(a) Monitor the gross radiation level

LIASI00AF

71151
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4X 4= 16total T/C's.

22A6100AF
S‘.mmml————— ——-————-—Mhﬂ'B
TABIAE 7.1"
COMPARISON OF GESSAR 11
AND ABWR 1&C SAFETY SYSTEMS (Continued)
1&C System GESSAR 1l Design ABWR Design
RHR /SHUTDOWN 2 shutdown cooling 3 shutdown cooling
COOLING MODE: divisions with 1 suction divisions with 3 suction
line. lines (1 per division).
REMOTE SHUTDOWN RCIC controls available at RCIC controls replaced with
SYSTEM (RSS): RSS panel HPCF controls at RSS panel.
SAFETY RELATED Designed to address Designed to address
DISPLAY Regulatory Guide 1.97, Regulatory Guide 1.97,
INSTRUMENTATION: Revision 2. Rewvision 3.
NEUTRON MONITORING Class 1E subsystems are Class 1E subsystems are
SYSTEM (NMS): IRM, LPRM & APRM. SRNM (combines IRM & SRM),
LFRM & APRM.
NEUTRON MONITORING  Non-Class 1E subsystems are Non-Class 1E mbsyueny aré.
SYSTEM (Continued) SRM, TIP, and RBM ATIP, and MRIM
PROCESS RADIATION v New system definition and
MONTITORING SYSTEM organization, i.c., new
(PRMS): instrument groupings,
locations and ranges.
DRYWELL VACUUM Electrically operated Mechanically operated
RELIEF SYSTEM: butterfly valve. relief valve.
CONTAINMENT (Not in GESSAR 11 scope) New system provided in ABWR
ATMOSPHERE SCODE.
MONITORING SYSTEM
(CAMS):
SUPPRESSION POOL 4 thermocouples in each of 4 thermocouples 10 each of
TEMPERATURE the 4 containment 2 divisions at cach of 6
MONITORING quadrants. locations.
SYSTEM:

4X2X6 = 481otal T/C's.

Added suppression pool
level monitoring funcaon.
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condition will initiate a reactor scram via
the RPS two out of four logic. The
[cdulivaiiny viiicria are met so that in the
event of a single failure under permissible
APRM hypass conditions, a scram signal can
be generaled in the RPS as required.

{ C?ﬂf“é... i
Testability

APRM channels are calibrated using data
from previous full-power runs and are test-
#d hv nracedures in the instruction
- .nual. Each APRM channel can be tested
individually for the operability of the
APRM scram and rod-blocking functions by
introducing test signals./\A self-

Tin-) ;;Mt ’{-‘ Tl"‘. A"
Ha opew frp fev i

Amendmeni 29
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Insert 7.6.1.1.2.2.A

The OPRM is a functional subsystem of the APRM. There are four safety related OPRM
channels, with each OPRM channel as part of each of the four APRM channels. Each OPRM
receives the identical LPRM signals from the corresponding APRM channel as inputs, and forms
a special OPRM cell configuration to monitor the neutron flux behavior of all regions of the core.
Each OPRM cell represents a combination of four LPRM signals selected from the LPRM
strings at the four corners of a four-by-four fuel bundie square region. The OPRM detects
thermal hydraulic instability and provides trip functions to the RPS to suppress neutron flux
oscillation prior to the violation of safety thermal limits. The OPRM trips are combined with the
APRM trips of the same APRM channel, to be sent to the RPS.

Insert 7.6.1.1.2.2B

The OPRM utilizes the same set of LPRM signals used by the APRM that this OPRM channel
resides with. Assignment of LPRMs to the four OPRM channels is identical to that referred in
Figure 7.6-1, which shows the assignment of LPRMs to APRM channels. Figure 7.6-1A shows
the detailed LPRM assignments to the four OPRM channels, including the assignment of LPRMs
to the OPRM cells. With this configuration, each OPRM cell receives four LPRM inputs from
four LPRM strings at the four comers of the 4X4 fuel bundle square. For locations near the
periphery where one comer of the square does not include an LPRM string, the OPRM cells use
the inputs from the remaining three LPRM strings. The overall axial and radial distribution of
these LPRMs between the OPRM channels are unifonn. Each OPRM cell has four LPRMs from
all four different elevations in the core. LPRM signals may be input to more than one OPRM
cell within an OPRM channel. The LPRM signals assigned to each cell are summed and
averaged to provide an OPRM signal for this cell.

The OPRM trip protection algorithm consists of trip logic depending on signal oscillation
magnitude and signal oscillation period. For each cell, the peak to average value of the OPRM
signal is determined to evaluate the magnitude of oscillation and to be used in the setpoint
algorithm. The OPRM signal sampling and computation frequency is well above the expected
thermal-hydraulic oscillation frequency, essentially producing a continuous and simultaneous
measurement of all defined OPRM cells.

Insert 7.6.1.1.2.2.C

For the OPRM trip function, the response signal of any one OPRM cell that satisfies the
conditions and criteria of the trip algorithm will cause a trip of the associated OPRM channel.
Figure 7.6-2A illustrates the trip algorithm logic. The OPRM trip function does not have its own
inoperative trip for insufficient number of total LPRM inputs in the channel. It follows the
APRM's inoperative trip of insufficient number of LPRMs.

Insert 7.6.1.1.2.2.C2
The APRM also sends an interlock signal to the SSLC similar to the SRNM "ATWS Permissive”

signal (see Table 7.6-2). If this signal is a "high" level indicating the power is above the setpoint,
this will allow the SSLC to permit ATWS protection action.



Insert 7.6.1.1.2.2.D

The OURM channel bypass is controlled by the bypass of the APRM channel it resides with.
Bvpass of the APRM channel will bypass the OPRM trip function within this APRM channel.
The OPRM also has its own separate automatic bypass functions: the OPRM trip output from
any cell 1s bypassed if: 1) the APRM reading of the same channel is below 30% of rated power or
the core flow reading is above 60% of rated flow; ii) the number of LPRM inputs to this OPRM
cell is less than two. Any LPRM input to an OPRM cell is automatically bypassed if this LPRM
reading is less than 5% of full scale LPRM reading. There is no requirement as to how many
cells per OPRM channel has 1o be active since this is controlled by the total number of active
LrRMs 10 tne APRM channel,

Insert 7.6.1.1.2.2.E

There are four independent and redundant OPRM channels. The above APRM redundancy
condition also applies to OPRM since each OPRM is a subsystem of each of the four APRM
channels. The OPRM trip outputs also follows the two-out-of-four logic as the APRM since the
OPRM trip output are combined with other APRM trip outputs in each APRM channel to
provide the final trip outputs to the RPS. In addition, each LPRM string with four LPRM
detectors provides one LPRM input to each of the four independent and redundant OPRM
channels. This provides core regional monitoring by redundant OPRM channels.

Insert 7.6.2.1.1. (2)

It also includes a trip from the OPRM subsystem algorithm which will issue a trip if the OPRM
algorithm detects a growing neutron flux oscillation indicating core thermal hydraulic instability.
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7.62 ANALYSIS

762.1 Neutroo Mogltoring System -
lostrumentation sod Controls

The analysis for the trip inputs from the neu-
tron monitoring system (NMS) to the reactor pro-
tection (trip) system (RPS) are discussed in
Subsection 7.2.2.

The automatic traversing in-core probe (ATIP)
is a nonsafety-related subsystem of the NMS and
is analyzed along with the other nonsafety sub-
systems in Section 7.7.2.

This analysis section covers only the safety-
related subsystems of the neutron monitoring sys-
tem (NMS). These inciude the following:

(1) Startup range neutron monitor subsystem
(SRNM)

(2) Power range neutron monitor subsystem (PRNM)
which includes:

(a) Local power range monitor subsystem
(LPRM), and

(b) Average power range monitor subsystem
(APRM)

762.1.1 Genernl Functioaa! Requirements
Conformance

(1) Startup range neutron monitors (SRNM)

The SRNM subsystem is designed as a safety-
related system that will generate » scram
trip signal to prevent fuel damage in the
event of any abnormal reactivity insertion
transients while operating in the startup
power range. This trip signal is gencrated
by either an excessively high neutron flux
level, or too fast a neutron flux izcrease
rate, i.e., reactor period. The setpoints of
these trips are such that under worst reac-
tivity insertion transieats, fuel integrity
is always protected. The independence and
redundancy requirements are incorporated into
the design of the SRNM and are consistent
with the safety design bases of the reactor
protection system (RPS).

ZIAG100AF
TI——— .

(2) Power range neutron monitors (PRNM)

The PRNM subsystem prowvides information for
monitoring the average power level of the
reactor core and for monitoring the local
power level when the reactor power is in the
power range (above approximately 15%
power). It mainly consists of the LPRM and
the APRM subsystems.

{a) LPRM subsystem: The LPRM is designed to
provide a sufficient number of LPRM
signals to the APRM system such that the
safety design basis for the APRM is
satisfied. The LPRM itself has no
safety design basis. However, it is
qualified as a safety-related system.

(b} APRM subsystem: The ATRM is capable of
generating a trip signal to scram the
reactor in response 10 excessive and
unacceptable neutron flux increase, in
time to prevent fuel damage. Such a
trip signal also includes a trip from
the simulated thermal power signal which
is a properly delayed signal from the
APRM signal. It also includes a trip
from a core flow based algorithim which
will issue a trip if the core flow
suddenly decreases too fast, called the

Core Flow Rapid Coastdown trip.aAll |~
scram function is assured so long as dutad

| 76211,

minimum LPRM input requirement to the
APRM is satisfied. If such an input

requirement cannot be met, a trip signal ——

shall also be geaerated. The indepen-
dence and redundancy requirements are
incorporated into the design and are
consistent with the safety design basis
of the RPS

762.12 Specific Regulatory Requirements

Conformance

Table 7.1-2 identifies the neutron monitoring
system (NMS) and the associated codes and stan-
dards applied in accordance with the Standard
Review Plan. The following »a=al; is lists the
applicable criteria in order of the ‘isiing on
the table, and discusses tue degree of confor-
mance for each. Aony exceptions or clarifica-
tions are so noted.

7612
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Al cE;da'punenu used for the safety-related
functions are qualified for the eavironments
in which they are located (Sections 3.10 and

10CFRS50.55a (IEEE 279):

The safety-related subsystems of the neutron
monitoring system consist of four divisions
which correspond and interface with those of
the reactor protection system (RPS). This in-
dependence and redundancy assure that no sin-
gle failure will interfere with the system

operation.

The 10 SRNM channels are divided into four
divisions and independently assigned to three
bypass groups such that up to three SRNM
channels are allowed to be bypassed at any
time while still providing the required

monitoring and protection capability.

There are 52 LPRM assemblies evenly distri-
buted in the core. There are four LPRM de-
tectors on each assembly, evealy distributed
from ncar the bottom of the fuel region to
near the top of the fuel region (Figure 7.6-
3). A total of 208 detectors are dividied
and assigned to four divisions for the four
APRMs. Any single LPRM detector is only
assigned to one APRM division. Electrical
wiring and physical separation of the divi-
sion is optimized to satisfy the safety-re-
lated system requirement. With the four di-
visions, redundancy criteria are met since a
scram signal can still be initiated with a
postulated single Iulurc u ;ﬂ allowed APRM

G b v s"fa- s Ao ‘H/ m NMS rom. w 'n lhe 8 ln‘ed
, S ha’r S ! cndha vepuit wda S bove-

bypass coadmou

/3. 2

3.11).

All appliceble requirements of IEEE 279 are

met with the NMS.

General Design Criteria (GDC):

In accordance with the Standard Review Pian
and with Table 7.1-2, the
following GDCs are addressed for the NMS:

for Section 7.6,

(‘2, J
(a) Criteris: GDCs 2, 4, 1%19 and 28.

() Conformancg: The NMS is in compliance
with these GDCs, in part, or as a whole,

3

4

2IA6100AF
S— 7 |

as applicable. The GDCs are generi-
cally addressed in Subsection 3.1.2.

Regulatory Guides (RGs):

In accordance with the Standard Review Plan
for Section 7.6, and with Table 7.1-2, the
following RGs are addressed for the NMS:

(a) RG 1.22 - Periodic Testing of Frotec-
tion System Actuation Functions

(b) RG 1.47 - Bypassed and Inoperable

Status Indication for Nucleur Power

Plant Safety Systems

{¢) RG . 3 - Application of the Single-
Failu.¢ Criterion to Nuclear Power
Protection Systems

(d) RG 1.75 - Physical Independence of

Electric Systems

RG 1.97 - Instrumentation During and
Following an Accident

(e)
(N RG 1.105 - Instrument Setpoints for
Safety-Related Systems

RGC 1.118 - Periodic Testing of Elec-
tric Power and Protection Systems

(®

RGs assuming the same interpretations and
clarifications identified in Subsections
7.2.2.2.1(7), 7.3.2.1.2 and 7.1.2.10.

Branch Technical Positions (BTPs):

In accordance with the Standard F view Plan
for Section 7.6, and with Table /.1-2, only
BTPs 21 aed 22 are considered applicable
for the NMS. They are addressed as
follows:

BTP ICSB 21 - Guidance for Applica-
tion of Reguiatory Guide 1.47:

(a)

The ABWR design is a single unit. Therefore,
item B-2 of the BTP is not applicable. Other-
wise, the NMS is in full compliance with this
BTP.

1613
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TABLE 7.6-2

APRM TRIP FUNCTION SUMMARY
Ay ACEM T"r F\M(“‘I.OU—Q.“-

. i T s

Trip Function Trip Setpeint (Nominall Action

APRM Upscale Flux Trip - 118% power Scram (only in RUN)

13% power Scram (not in RUN)
APRM Upscale Flux Alarm Flow biased Rod Block (only in RUN)

10% power Rod Block (not in RUN) |
APRM Upscale Thermal Trip  Flow biased Scram
APRM Inoperative LPRM input too few Scram & Rod Block

Module interlocks

disconnect

Electronics Critical

Failure

3\
APRM Downscale 5% = " Rod Block |
- g " (onlyin RUN) |
APRH ATWS Permissive é % N 7 Al Hakes € Mate 1)
Core Flow Rapid Coastdown — fixed (Nae(l) ; { Scram
(Note 1) ‘. i (bypassed with thermal
e - power )

Core Flow Upscale Alarm 120% (flow) Rod Block (only in RUN) l
Netes:

{ APR# has do wd-ate o pener level below #Hua safpont in ovdes 4» vEmow th pirmcae.

1. The trip signal is based on a flow-depeadent equation. If the flow decreases too

' fast, the trip signal will reach the fixed trip setpoint and initiate scram. The

thermal power signal is only used as a criteria to determine scram bypass
condition.

Ameadment 27 7622
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(1)

(&)
(b)
(c)
(d)
(e)
(n
®
(h)
(1)
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(k)
(1)
(m)
(n)
(0)
(p)
(@
(r)
(s)
(t)
(u)
(v)
(w)
(x)
8
(z)
(a)

(2)
(a)
(b)
(3)

(a)

(c)
(d)
(e)

Amendment 27

Table 7.6-5
REACTOR OPERATOR INFORMATION FOR NMS

The NMS provides for the activations of the following annunciations at the main control pancl.

SRNM neutron flux upscale reactor trip
SRNM neutron flux upscale rod block
SRNM neutron flux downscale rod block
SRNM short period reactor trip

SRNM short period rod block

SRNM inoperative reactor Lrip

SRNM period withdrawal permissive alarm
APRM neutron flux upscale reactor trip
APRM simulated thermal power reactor trip
APRM neutron flux upscale rod biock
APRM neutroa flux downscale rod block
Reference APRM downscale rod block
APRM system inoperative reactor trip

Core flow rapid coastdown reactor trip
APRM core flow upscale rod biock

Core flow inoperative alarm

LPRM neutron flux upscale alarm

LPRM neutron flux downscale alarm

ATIP automatic control system (ACS) inoperative
ATIP indexer inoperative

ATIP control function inoperative

ATIP valve control monitor function inoperative
MRBM upscale rod block

MRBM downscale rod block

“MRBM inoperative rod block

Core flow abnormal

ofRN Tep

The NMS provides status information on the dedicated NMS operator interface on the main
control panel as follows:

APRM power level
Sram power level

The dedicated operator interface of the NMS provides logic and operator controls, so that the
operator can perform the following functions at the main control panel:

APRM channel bypass

SRNM channe! bypass

MRBM main channel bypass

MREM rod block logic test

MRBM upscale rod block setpoint setup to intermediate /normal

16231
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Table 7.6-5
REACTOR OPERATOR INFORMATION FOR NMS (Continued)

(4) Certain NMS - related information, available on the main control pancl, is implemented in
software which is independent of the process computer. This information is listed below.

|
I

(a) SRNM reator period
(b) SRNM count rate
(c) APRM bypass status
Av APPA neytron flux upscale trip/inoperative status
(e) APRM neutron flux upscale rod block status
() APRM neutron flux downscale rod block status
(g8) APRM core flow upscale rod block status
(h) APRM core flow rapid coastdown status
(i) APRM core flow rapid coastdown bypass status
(j)  MRBM main channel bypass status
(k) MRBM main channel upscale rod block status
() MRBM main channel downscale rod block status
/ (m) MRBM main channe! inoperative rod block status
/ (n) MRBM main channel core flow abnormal rod block status
(o) OFRT Trp Setus
( (5) CRT displays, which are part of the performance monitoring and control system, provide
. certain NMS-related displays and controls on the main control panel which are listed below:

_

a) SRNM upscale trip/inoperative status

(b) SRNM reactor period trip status

(c) SRNM upscale rod block status

(d) SRNM reactor period rod block status

(¢) SRNM downscale rod block status

() SRNM bypass status

(g) SRNM period historical record

(b) SRNM count rate historical record

(i) SRNM period-based permissive

(i) LPRM string selected for status readings

(k) LPRM neutron flux leve! (Designated group of LPRMs displayed upon selection of certain
single rod or gang of control rods)

(1) LPRM bypass status

(m) LPRM neutron flux downscale alarm status

(n) LPRM neatron flux upscale alarm status

(o) Number bypassed LPRMs and APRM channel

(p) APRM simulated thermal power reactor trip status

(9 APRM core fiow

(r) Core flow his orical record

(s) APRM neutron flux

(1) APRM simu.ated thermal power trip setpoint

(u) APRM simulated thermal power

(v) APTM simulated thermal power record

(w) Reference APRM downscale rod block status (One for cach MRBM main channel)

(x) MRBM main channel block level status

(y) MRBM main channel upz:ale (normal) rod block setpoint

(z) MRBM main channel upscale (intermediate) rod block setpoint

Amendment 27 746232
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CRT

Amendment 27

Table 7.6-5

REACTOR OPERATOR INFORMATION FOR NMS (Continued)

(aa) MRBM main channel upscale (low) rod block setpoint

(ab) MRBM main channel upscale (normal) rod block setpoint historical record

(ac) MRBM main channel upscale (intermediate) rod block setpoint historical record

(ad) MRBM main channel upscaie (low) rod block setpoint historical record

{ac) MRBM subchannel inoperative status

{af) MREM subchanne! upscale rod biock status

(ag) MRBM subchannel downscale rod block status

(ah) MRBM subcharnel intermediate level transfer rate

(ai) MRBM subchannel normal level transfer rate

(aj) MRBM subchannel reading e e

(ak) MRBM subchanne! reading historical record s TN

(al) MRBM subchannel setup permissive e

(am) MRBM gain adjustment failed : : & too. ot At

(an) Norod selected (MRBM) (ap) PR e %

(a0) Peripheral rod selected (MRBM) (o @7 OPRM eet! Cmd b how @l

y stubus 4 LPRM rapalt

ACRONYMS \ S .
(@r) ofef1 Ty Stehig /

NMS - Neutron Monitoring System

SRNM - Startup Range Neutron Monitor (as) apen Wers R'w\‘_(//

APRM - Average Power Range Monitor o

LPRM - Local Power Range Monitor //

ATIP - Automatic Traversing In-Core Probe _—

MRBM - Multi-channel Rod Block Monitor

- Cathode Ray Tube

76233
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Amphitude & Growth Rate Based Detection Algorithm
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yes
Norminal Values of Parameters:
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Figure 7.6-2A OPRM Logic



