ATTACHMENT 13
Exelon Generation Company, LLC Instrument Setpoint Calculations

LIST OF CALCULATIONS INCLUDED
L-001345, Rev. 2, “Average Power Range Monitor (APRM), Rod Block Monitor (RBM), and
Recirculation Flow Monitor (RFM) Bistable Loop Accuracy for Rod Block and Scram
Functions”

L-001345, Minor Rev. 2 A
L-001345, Minor Rev. 2 B
L-001345, Minor Rev. 2 C
L-001345, Minor Rev. 2 D

Note: Minor Revision 2 D provides the changes related to the proposed power uprate.
However, the preceding revisions are provided, since the minor revisions are not
incorporated into the body of Revision 2.
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1.0 PURPOSE AND OBJECTIVE

The purpose of this calculation is to determine with a high degree of
certainty whether or not there exists positive margin between the
Analytical Limits and the calibration and Tech Spec setpoints, and
between the Tech Spec LCO values and the calibration and Tech Spec
setpoints, for the various trips of the Power Range Neutron Monitoring
System (PRNMS). For the purposes of this calculation the PRNMS
consists of the Average Power Range Monitors (APRM), the Rod Block
Monitors (RBM), and the Recirculation Flow Monitor (RFM). The
evaluated trips from these three subsystems can cause a scram via the
Reactor Protection System (RPS) or a rod withdrawal block via the

Reactor Manual Control System (RMCS). Following is a list of the
evaluated trips:

Trips that cause a scram

APRM
APRM
APRM

Two
APRM

Neutron Flux - High (Fixed)
Neutron Flux - High (Fixed) (Setdown)
Simulated Thermal Power - Upscale (Flow Biased)
Recirculation Loop Operation
Flow Biased Trip Clamp
Two Recirculation Loop Operation
APRM Simulated Thermal Power - Upscale (Flow Biased)
Single Recirculation Loop Operation
APRM Flow Biased Trip Clamp
Single Recirculation Loop Operation

Trips that cause a rod block

APRM Neutron Flux - High (Fixed)
APRM Neutron Flux - Downscale
APRM Flow Biased Upscale Trip

RBM Upscale
RBM Downscale

RFM Upscale
RFM Comparator

The equipment covered by this calculation is listed below:

FT-1B33-N014A FT-1B33-N024A

FT-1B33-NO14B
FT-1B33-N014C
FT-1B33-N014D

FT-2B33-N014A
FT-2B33-N014B

FT-1B33-N024B
FT-1B33-N024C
FT-1B33-N024D

FT-2B33-N024A
FT-2B33-N024B

REVISION NO.
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FT-2B33-N014C
FT-2B33-N014D

FY-1B33-K608A
FY-1B33-K608B
FY-1B33-K608C
FY-1B33-K608D

FY-2B33-K608A
FY-2B33-K608B
FY-2B33-K608C
FY-2B33-K608D

FY-1B33-K607A
FY-1B33-K607B
FY-1B33-K607C
FY-1B33-K607D

RY-1C51-K605GM

RY-1C51-K605GP
RY-1C51-K605GS

FT-2B33-N024C
FT-2B33-N024D

FY-1B33-K606A
FY-1B33-K606B
FY-1B33-K606C
FY-1B33-K606D

FY-2B33-K606A
FY-2B33-K606B
FY-2B33-K606C
FY-2B33-K606D

FY-2B33-K607A
FY-2B33-K607B
FY-2B33-K607C
FY-2B33-K607D

RY-1C51-K605GN
RY-1C51-K605GR
RY-1C51-K605GT

RY-2C51-K605GM
RY-2C51-K605GP
RY-2C51-K605GS

RY-2C51-K605GN
RY-2C51-K605GR
RY-2C51-K605GT

RY-1C51-K605GU
RY-2C51-K605GU

RY-1C51-K605GV
RY-2C51-K605GV

Since the components of the PRNMS are not relied upon for any
accident mitigation or post accident control function (Reference
3.21) this calculation takes into account only the normal
environmental conditions.

The Standard Technical Specifications (Reference 3.24, Table
3.3.1.1-1) are only applicable to this calculation for the
Neutron Flux High - Setdown and Fixed Neutron Flux - High Scram
trips. The values given for the flow biased trips are differnt
than the current LaSalle values (i.e., LaSalle, a BWR/5, has
different slope and offset values). The rod block functions of
the RBM and Recirculation Flow Monitor are not covered in the
Standard Technical Specifications of Reference 3.24.

In addition, this calculation will determine the required
nominal trip setpoints and allowable values for the APRM flow
biased simulated thermal power scram and rod block functions
(flow biased and clamped) for the revised analytical limits
resulting from the uprating of thermal power discussed in
Reference 3.33.

REVISION NO. 0 2
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2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

The methodology used for this calculation is that presented in
References 3.2 and 3.3. A setpoint will be considered acceptable
if the calculation shows that a positive margin exists. If a
positive margin does not exist a new setpoint will be calculated
according to the criteria of Reference 3.3. Revision 2 of this
calculation is in accordance with Reference 3.34.

For all trips, the calculation will begin with the existing Tech
Spec Nominal Trip Setpoint (NTSP). The ‘Total Error’ (TE) for
each setpoint will be determined twice, once to support an
Analytical Limit (AL) evaluation and once to support an Allowable
Value (AV) evaluation. Then, by adding or subtracting the
appropriate error terms, the AL and AV margins to the Tech Spec
setpoint will be demononstrated to be positive. Positive margin
for the procedual setpoints is also documented.

2.1 The evaluation of errors used to determine the ‘Total Error’ (TE)
is consistent with the above methodology with the following

exceptions:

a. The calibration tolerance is assumed to describe the limits
of the as-left component outputs. For a random error, this
corresponds to 100% of the population and can be
statistically represented by a 3 sigma value. Per

References 3.2 and 3.3, the ‘Setting Tolerance’ (ST) is
defined as a random error which is due to the procedural
allowances given to the technician performing the
calibration. For this calculation:

ST = (Calibration tolerance)/3 (10)

b. Drift Time Period Extension
Section 3.3.1 of Reference 3.2, Exhibit A, gives the
following equation for calculating the effective drift based

on a given surveillance interval (SI) and a known drift
uncertainty term (IDE):

eD = (1 + LF/SI)*SI*IDE
where LF is the late factor. In this equation IDE is some
variable per unit time. This effectively says that eD is

adjusted for time differences linearly by the ratio of (1 +
LF/SI)*SI to the time interval portion of IDE.

REVISION NO. 0 2
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Reference 3.8 allows drift to be treated as a random
variable. Therefore, as is done in Reference 3.13, when it
is necessary to adjust the drift data for a time period that
is longer than the time period associated with the given
drift data, the adjustment will be performed by using the
square root of the ratio of the two time periods.

RD = {[(1 + LF/SI)*SI]/IDE,}***IDE,

where IDE, is the per unit time portion (denominator) of
IDE, and IDE, is the drift value portion (numerator) of IDE.
Note that drift values will not be reduced when the
surveillance interval is less than the given instrument
drift time period.

C. Error propagation through Square Root Modules

The Recirculation Flow Monitors each contain two square root
modules that convert the 4 to 20 ma signals from the flow
transmitters to a 0 to 10 Vdc output. From these values the
transfer equation is determined to be

V=25JI-4 Equation 1
where V is the output in Vdc and I is the input current from

the transmitter in milliamps. Since this is a non-linear
function the error transfer from input to output depends on

the operating point. The transfer of the error at any point
can be determined by taking the derivative of this transfer
function (Reference 3.3). The result is

dv=.l§§_mj Equation 2

Ji-4

where dV is the output error caused by an input error of dI
at a value of I current. Since there may be times where the
operating point may be known as a function of the output
voltage rather than input current an equation for this
condition can be developed by solving the first equation for
I and substituting in the second equation. The result is

_3125d1 Equation 3
A%

dv

REVISION NO. 0
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These last two equations will be used as necessary in
determining the effect of the flow transmittersg’ errors on
the flow loop accuracy.

The procedures actually measure the input current by running
it through a one ohm resistor and measuring the voltage
across the resistor. Therefore, the measured value is
actually millivolts. However, since the resistor is one ohm
the numerical value of the millivolt signal is exactly the
same as the current in milliamps. Therefore, the voltage
readings in millivolts can be used directly for the terms I
and dI in equations 1 through 3.

d. Static Pressure Span Effect

References 3.5.s and 3.5.t state that a 1% of span
correction has been included in the calibration to
compensate for the static pressure span effect. However,
Reference 3.14 states that there is a plus/minus correction
uncertainty associated with this compensation. Therefore,
this uncertainty will be included as a random error term in
this calculation. Although the vendor gives this error term
as a percent of reading, it will be considered as percent
calibrated span which simplifies the calculation and is
conservative.

2.2 Flow Biased Trip Slope Adjustment

The procedures of Reference 3.5 allow a certain tolerance when
setting the flow biased trips in both the APRMs and RBMs. This
has the effect of permitting a slope other than the specified
value in the Flow to Power convergion circuit. Because of this
the specified slope will be modified using the methodology of
Reference 3.3 to a value that will allow for the setting
tolerances.

Both the APRM and RBM procedures check the flow biased trip
setpoints at two different values. The maximum error in the
slope would then be determined by taking the most positive error
at one point and the most negative error at the other point
(procedural tolerances are in Vdec). This can then be converted
to a percent power change by dividing by the volts per percent
power, and then converted to a fraction by dividing by the flow
difference between the two measurement points. The resulting
error fraction can then be added to the specified slope to give a
new value for use in the calculation. This slope will be the
worst case slope (maximum) allowable by the procedures. The
equation for this new slope is:

REVISION NO. 0
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Slopey, = Slopeg, + [(T* + T7)/0.08]/aFlow

This will be used for both APRM and RBM flow biased error
calculations. For the APRMs, the tolerance (T*,T) is + 0.04
Vdce and the calibration flow {(Aflow) is 80% flow, (Section
10.4). For the RBMs, the tolerance (T*,T) is + 0.04 Vdc and

the calibration flow (Aflow) is 100% flow (Section 10.5).

2.3 The numbers displayed in this calculation have not been rounded
to six decimal places. As such, the internal spreadsheet is
carrying additional digits. This may cause the sixth decimal
place to vary from normal rounding convention. Rounding was
removed to make the electronic file more stable. The
variations of the last digits do not affect the final
calculation results and therefore are considered acceptable.

REVISION NO. 0 2
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dated December 22, 1997 with its Enclosure (4).

3.29 GE Drawing 328X105TD, Rev. 3, “Power Range Monitoring Cabinet,”
Parts List.

3.30 GE Drawing PL791E507TD, Rev. 10, “Power Range Monitoring
Cabinet,” Parts List.

3.31 GE Drawing PL791E392BB, Rev. 14, “Flow Unit,” Parts List.

3.32 E-Mail from Andrew N. Poulos to Jose L. Casillas, Daniel L.
Gould, and Larry Chi dated December 10, 1997, Subject: LaSalle
Flow Bias.

3.33 SEAG 99-000517, “Power Uprate Safety Analysis Report for
LaSalle County Station Units 1 and 2", GE Nuclear Energy,
NEDC-32701P, Revision 1, DRF A13-00384-16, July 1999.

3.34 NES-EIC-20.04, Revision 1, “Analysis of Instrument Channel
Setpoint Error and Instrument Loop Accuracy.’
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4.0 DESIGN INPUTS
4.1 Accuracy for Flow Transmitters

The procedures of Reference 3.5.s and 3.5.t indicate that there
are five different calibrated spans for the 16 flow transmitters
covered by this calculation. Since some of the uncertainty terms
depend on the calibrated span and/or the transmitters upper
range, the lowest value of the calibrated span will be used for
all flow loops since this will produce conservative results.

4.2 Environmental Conditions at Flow Transmitters

The ComEd EWCS (Electronic Work Control System) indicates that
the EQ Zone for the Flow Transmitters is LH4A. Table 3.11-6 of
Reference 3.6 indicates that the short term peak temperature in
this area resulting from an HELB event is 145°F with a total
integrated gamma dose of 1x10’ rads. However, the Flow
Transmitters are only being evaluated for normal operating
conditions so these bounding conditions are not applicable.

Table 3.11-15 of Reference 3.6 gives the service conditions
environment for this zone. This indicates that under normal
conditions temperatures could reach a maximum of 118°F, although
this is predicted to occur for only about 9 days out of the
remaining plant life (about 13,000 days). Therefore, 118°F will
be used as the maximum temperature at the flow transmitter.

4.3 Temperature, radiation, humidity, and power supply errors are
considered to be included in the manufactures accuracy terms when
they are not identified separately.

4.4 Instrument reference accuracy was obtained from the published
manufacturer’s accuracy specifications.

4.5 Calibration tolerances were obtained from the associated LIS
calibration procedures listed in Reference 3.5.

4.6 Per Reference 3.20 “A minimum ambient temperature of 60°F should
be used to calculate temperature effect and Measurement & Test
Equipment (M&TE) error.”

4.7 Per Reference 3.20 “For normal errors, seismic events less than
or equal to an Operating Basis Earthquake (OBE) are considered to
cause no permanent shift in the input/output relationship of the
devices. For seismic events greater than an OBE, affected
instrumentation will be recalibrated as necessary prior to any
subsequent accident (i.e., prior to restart), negating any
permanent shift which may have resulted from a post seismic
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shift. Therefore, the seismic error for normal operating
conditions 1is considered to be negligible.” Since the Power

Range Neutron Monitoring System is not for mitigation of an
accident this statement is applicable for all seismic error
terms.

4.8 The RBM contains a variable gain function whose purpose is to
adjust the reading of the local average monitored by the RBM to
equal the overall core average as monitored by a reference APRM.
The range of gain variation in the RBM is 1 to 9 (Reference 3.12)
in order to accommodate the range of local averages from center
core to core edge. For this calculation the gain of the RBM will
be considered equal to the nominal APRM gain since the RBM output
is adjusted to equal an APRM output. This will produce
conservative results when rod movement involves control rods
centrally located in the core and non-conservative results when
rods near the outside of the core are involved. However, this is
considered acceptable for this application since the outside
control rods have a lower rod worth making their movement less
effective than movement of the inside rods.

4.9 The Comparator Trip in the RFM compares the outputs from two RFMs
by subtracting one of the signals from the other and then
comparing the absolute value of the result with a fixed
reference. Because of this subtraction process any portions of
each RFM’'s error terms which are generated by the same input will
be canceled. Since all four RFMs receive their input from the
same two flow elements (one for the A loop and one for the B
loop), the error induced by each flow element into each RFM will
be exactly the same. Therefore, this error term does not need to
be carried through the RFM when determining the error associated
with the Comparator Trip function.

4.10 Since the square root converter is not a linear module error
terms appearing at the input must be converted to equivalent
output values by one of the equations of Section 2.1.c. Also,
these equations indicate that the conversion factor is a function
of the operating point. Therefore, an operating point must be
chosen at which the conversion will take place. For this
calculation the operating point is considered to be 6 Vdc (OPg)
at the output of the square root converters which is equal to
approximately 75% Flow. Choosing this value is a compromise in
that the error term is then conservative at flows greater than
75% but non-conservative at flows less than 75%. This is
considered acceptable since in general plant operating margins
become larger at low power, low flow conditions (Reference 3.28).
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4.11 Reference 3.13 indicates that the bias portion of LPRM detector
non-linearity (SNL;), which is part of Primary Element Accuracy
(PEA) term, depends on the operating point. Figure 4.5-4 show
that at low power levels the bias would actually help the trip to
occur sooner than necessary. For the downscale trips the value
of the bias is approaching zero. Therefore, in this calculation
a value of zero will be used for error determinations involving
the APRM and RBM Downscale, APRM Setdown Rod Block, and APRM
Setdown Scram trips.

4.12 Flow Element Accuracy

Reference 3.17 provides an accuracy value for the elbow type flow
elements used at LaSalle. For the purposes of this calculation
this value will be considered to be the error in the measurable
parameter (aP) over the applicable flow range.

4.13 Errors pertaining to core power measurement as determined by the
plant process computer have already been considered by various
analyses as 1s indicated in Reference 3.26. Therefore, the core
power measurement uncertainty does not need to be included in the
setpoint calculations.

4.14 Analytical Limits and Allowable Values Inputs

From References 3.27 and 3.33, Analytical Limit inputs are
provided for all non-flow biased setpoints and the APRM Flow
Biased Trip functions (flow biased and clamp). Reference 3.15
provides the Allowable Values for the RBM Upscale Trips. The
Analytical Limits for the RBM flow-biased setpoints are
calculated in Section 13. The information provided by References
3.15, 3.27, and 3.33 is summarized below:

Bistable AL AV Reference

APRM Flow Biased Trips

Flow Biased Trip Clamp, Two 115.5%, - 3.27
Recirc Loop Operation (TLO) 119.5%

Flow Biased Trip Clamp, Single |[113.8% 3.33
Recirc Loop Operation (SLO)

Flow Biased STP Scram -TLO 0.62W+70.9% 3.33
Flow Biased STP Scram -SLO 0.55W+58.33% 3.33
Flow Biased STP Rod Block -TLO | 0.62W+59.47% 3.33
Flow Biased STP Rod Block -SLO 0.55W+46.9% 3.33
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Bistable Al AV Reference
APRM Fixed Trips
Neutron Flux - High (Fixed) 122.4%, - 3.27,
(Scram) 124 .2% 3.33
Neutron Flux - High (Fixed) 25% - 3.27
(Setdown) (Scram)
Neutron Flux - High (Fixed) 19% - 3.27
(Setdown) (Rod Block)
Neutron Flux Downscale (Rod 0% - 3.27
Block)
Rod Block Monitor Trips
RBM Upscale (Rod Block), Two - 0.66W [3.15 and
Recirc Loop Operation + 48% | Section
10.5
RBM Upscale (Rod Block), - 0.66W 3.15 and
Single Recirc Loop Operation + Section
42 .7% 10.5
RBM Downscale (Rod Block) 0% - 3.27
Recirc Flow Monitor Trips
RFM Upscale (Rod Block) 116% - 3.27
RFM Comparator (Rod Block) 19% - 3.27
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ASSUMPTIONS

Published instrument and M&TE vendor specifications are
considered to be 2 sigma (0) values unless specific information
is available to indicate otherwise.

It is assumed that the M&TE listed in Section 9.0 is calibrated
to the required manufacturer’s specifications and within the
manufacturer’s required environmental conditions. Temperature
related errors are based on the difference between the
manufacturer’s specified calibration temperature and the worst
case temperature at which the device is used.

It is also assumed that the calibration standard accuracy error
of the M&TE is negligible with respect to the other error terms
unless noted otherwise within this calculation.

Deleted

When no setting tolerances are given in the procedures for
measurements using digital instruments, it will be assumed that
the setting tolerance is equal to the reference accuracy of the
test instrument.

Deleted
Deleted

Since the ABB designed flow unit has not yet been installed, it
will be assumed that this flow unit will be mounted in the same
general area as 1is the present flow unit. Therefore, the
environmental parameters for the current flow unit will be
assumed to be applicable to the new ABB flow unit.

Reference 3.18 gives only a “Stability” value for the
specifications of the trip circuits in the GE manufactured
Recirculation Flow Monitor. Therefore, it will be assumed that
this uncertainty encompasses both accuracy and drift and the
value given will be divided equally (algebraically) between
accuracy and drift. This makes their values equivalent to those
for the APRM Fixed Trips which are of similar design. It will
also be assumed that the drift time period given for the analog
drift term applies here.

Since there have been no procedures generated for calibrating the
ABB designed flow unit it will be assumed that, when developed,
they will be similar to those used to calibrate the GE designed
flow unit. Therefore, the MTE and ST terms derived for the GE
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flow unit will be assumed applicable to the calibration of the

ABB flow unit.

5.10 Reference 3.19 does not give a value for drift for the ABB RFM

trip circuits. Therefore, it will be
included in the accuracy term.

5.11 Based on the information contained in
will be assumed that LaSalle is using
65-120 instrument when the procedures

3.5.t call for a Pneumatic Calibrator.

assumed that drift is

References 3.4 and 3.16 it
a Wallace and Tiernan Model
of References 3.5.s and
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6.0 INSTRUMENT CHANNEL CONFIGURATION

The Power Range Neutron Monitoring System (PRNMS) can be divided into
three primary blocks; the Recirculation Flow Monitors (RFM) of which
there are four, the Average Power Range Monitors (APRM) of which there
are six, and the Rod Block Monitors (RBM) of which there are two.

Each of these three blocks will be discussed separately. Block
diagrams of the complete PRNMS and one for each of the three
subsystems follows the discussion.

Recirculation Flow Monitor

Each RFM receives the current output from two differential
pressure transmitters that are monitoring the flow in the two
reactor recirculation drive loops. These signals are applied to
the input of square root converters that change the current input
to a voltage output that is proportional to the flow in each
loop. The outputs of the square root converters are then summed,
the resulting output representing the total flow in the two
recirculation loops. The total flow signal is then applied to an
Upscale Trip, one input of a Comparator Trip, and to the
associated APRMs and RBMs. The other input to the Comparator
Trip comes from another RFM, the comparison being a means of
determining possible problems in the flow monitoring equipment.

Average Power Range Monitor

An APRM is made up of several individual monitoring channels of
Local Power Range Monitors (LPRM) plus the electronic circuitry
required to average the outputs of these LPRM channels, and the
trip circuits required to indicate high or low average power.

Each LPRM card receives a current signal from an incore neutron
detector and converts this signal to a voltage output which in
turn is applied to an input of the APRM averaging circuitry. The
averaging circuitry takes the inputs from as many as 22 LPRMs
and, as the name implies, provides an output that is the average
of the inputs. This output is then calibrated to represent
average core thermal power.

The output of the averaging circuitry is applied to the several
upscale or downscale trip circuits. Some of the trip circuits
use a field adjustable voltage as a reference. These are
referred to throughout this calculation as the fixed trip
circuits. Other trip circuits use as a reference a signal which
varies as a function of the recirculation flow. These trips are
referred to as flow biased trips. This variable reference is
generated within the APRM by a circuit (Flow Controlled Trip
Reference Unit) that receives the output from one of the RFMs and
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converts this to a signal proportional to the input but with a
slope less than one. The uncertainties for the Flow Controlled
Trip Reference Unit is included in the APRM uncertainties.

The outputs from the trip circuits go either to the Reactor
Protection System where they can cause a scram, or to the Reactor
Manual Control System where a rod withdrawal block may be
initiated.

Rod Block Monitor

The Rod Block Monitor is similar to the APRM in that it receives
the signals from multiple LPRMs, averages them, and provides
outputs to trip circuits. However, instead of averaging LPRMs
from throughout the core, the RBM looks only at those LPRMs
immediately surrounding a control rod that has been selected for
movement. Once the average has been performed the RBM adjusts
the output such that it is equal to or greater than the output of
a reference APRM.

The output of the averaging circuit then goes to some flow biased
upscale trip circuits and a fixed downscale trip. The flow
biased reference in the RBM is generated exactly as it is in the
APRM.

The outputs of the trip circuits in the RBM all go to the Reactor
Manual Control System where they will initiate a rod block.
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7.0 PROCESS PARAMETERS

The process being measured by the LPRM detectors is reactor core
neutron activity, normally referred to as neutron flux. The detectors
are positioned three-dimensionally throughout the reactor core and are
in contact with reactor water.

The following are the applicable process parameters (References
3.9 and 3.10) :

Neutron Flux:

Operating: 1.2x10* to 2.8x10 nv (nv = unit of
neutron density)
Peak: 3.4x10" nv at 120% Rated Power
Gamma Flux:
Operating: 4.2x10° to 1.2x10° R/hr at 100% Rated Power
Pressure: 1025 psig nominal at 100% Rated Power

1375 psig maximum emergency

Temperature 546°F nominal
583°F emergency conditions

The Power Range Neutron Monitoring System interfaces with some
differential pressure transmitters from the Reactor Recirculation
System that are being used to measure recirculation drive flow.
The sensing portion of these transmitters is exposed to
approximately the same process pressure as are the neutron
detectors. The temperature of the fluid has, however, dropped to
reactor building ambient temperature by the time it reached the
location of the transmitters. Based on References 3.5.s and
3.5.t, 100% Flow in these flow loops is equal to 55,000 GPM.
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8.0 LOOP ELEMENT DATA
8.1 Module 1 Rosemount Differential Pressure
Transmitter Model 1152DPS5E220280PR
(From EWCS)
Equipment Numbers FT-1B33-N014A FT-1B33-N024A
(From Procedures) FT-1B33-N014B FT-1B33-N024B
FT-1B33-N014C FT-1B33-N024C
FT-1B33-N014D FT-1B33-N024D
FT-2B33-N014A FT-2B33-N024A
FT-2B33-N014B FT-2B33-N024B
FT-2B33-N014C PFT-2B33-N024C
FT-2B33-N014D FT-2B33-N024D
8.1.1 Transmitter Specifications (Range 5)
(Reference 3.14)
Upper Range: 750 in H,0O
Accuracy: +0.25%SP
Temperature Effect: +(0.5%UR + 0.5%SP) per 100°F
Drift: +0.2%UR/30 months

Power Supply Effect:

Static Pressure Zero Effect:
Static Pressure Span Effect:

+0.005%SP/volt
+0.25%UR/2000 psi
+0.25% Reading/1000 psi

(Correction Uncertainty)
Seismic Effect:

+0.25%UR to 3g
Radiation Effect: +
a

$UR for TID = 5x10° rads at
dose rate of 0.4x10° rad/hr

Environmental Parameters at Transmitter Location
(Zone LH4A from EWCS)

(See
(Assumption

The maximum temperature for EQ Zone LH4A is 118°F
Section 4.3). The minimum temperature is 60°F
5.3)

From Table 3.11-15 of Reference 3.6, the expected relative
humidity is 35%, the pressure is -0.4" W.G., and the
integrated gamma dose is 2x10° rads.

8.2

Module 2 GE Square Root Converter Model

136B3051AAG003 (Reference 3.31)

Equipment Numbers
(From Section 3.5)

FY-1B33-K608A
FY-1B33-K608B
FY-1B33-K608C
FY-1B33-K608D

FY-1B33-K606A
FY-1B33-K606B
FY-1B33-K606C
FY-1B33-K606D
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FY-2B33-K608A
FY-2B33-K608RB
FY-2B33-K608C
FY-2B33-K608D

FY-2B33-K606A
FY-2B33-K606B
FY-2B33~-K606C
FY-2B33-K606D

Square Root Converter Specifications

Per Reference 3.18 the reference accuracy for the square
root converter is included in an overall RFM accuracy which
will be applied at the output of the Flow Summer (Module 3).

8.2. Environmental Parameters at Square Root Converter Location
(Zone LC1A from EWCS) (Reference 3.6, Table 3.11-24)
Temperature (°F) 72 - 74
Relative Humidity (%) 35 - 45
Radiation 1x10® rads gamma

(integrated)

8.3 Module 3

Equipment Numbers
(From Section 3.5)

GE Flow Summer Model 136B3088AAG001

(Reference 3.31)

FY-1B33-K607A
FY-1B33-K607B
FY-1B33-K607C
FY-1B33-K607D

FY-2B33-K607A
FY-2B33-K607B
FY-2B33-K607C
FY-2B33-K607D

Flow Summer Specifications

Per Reference 3.18 the following specifications apply to the
flow unit in total including the square root converters
(Module 2).

Accuracy: +2% FS

Drift: +1.25% FS per 700 hrs.
Trip Stability: 2% FS

Per Assumption 5.8 stability is divided equally between
accuracy and drift. Therefore,

Trip Accuracy: 1% FS

Trip Drift: 1% FS per 700 hrs.
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8.3.2 Environmental Parameters at Flow Summer Location
(Zone LC1A from EWCS) (Reference 3.6, Table 3.11-24)
Temperature (°F) 72 - 74
Relative Humidity (%) 35 - 45
Radiation 1x10°® rads gamma
(integrated)
8.4 Module 4 Average Power Range Monitor (APRM)

Model 145C3096BBG001 & G002
(Reference 3.30)

Equipment Numbers
(From Section 3.5)

APRM Specifications

RY-1C51-K605GM
RY-1C51-K605GP
RY-1C51-K605GS

RY-2C51-K605GM
RY-2C51-K605GP
RY-2C51-K605GS

RY~-1C51-K605GN
RY-1C51-K605GR
RY-1C51-K605GT

RY-2C51-K605GN
RY-2C51-K605GR
RY-2C51-K605GT

LPRM Specifications (Reference 3.9)

+0.8% FS
+0.8% FS/700 Hrs.

Accuracy:
Drift:

Averaging Circuitry Specifications (Reference 3.11)

Accuracy:
Drift:
Gain:

Trip Circuitg (Non-Flow Biased)

Accuracy:
Drift:

Trip Circuits (Flow Biased)

Accuracy:
(50 to 100% Flow)
(0 to 50% Flow)
Drift:

+0.8% FS

+0.5% FS/700 Hrs.

2.5 £ 40%

(Reference 3.11)

FS

1
1% FS/700 Hrs.

o\ o\

+ H+

(Reference 3.11)

+1% FS
+2% FS
+1% FS/700 Hrs.
(Reference 3.9)
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8.4.2 Environmental Parameters at APRM Location
(Zone LC1A from EWCS) (Reference 3.6, Table 3.11-24)
Temperature (°F) 72 - 74
Relative Humidity (%) 35 - 45
Radiation 1x10°® rads gamma
(integrated)
8.5 Module 5 Rod Block Monitor (RBM)
Model 145C3105BBG001 & G002
(Reference 3.30)
Equipment Numbers RY-1C51-K605GU RY-1C51-K605GV

(Reference 3.16)

RY-2C51-K605GU RY-2C51-K605GV
RBM Specifications (Reference 3.12)

Averaging and Gain Adijust Circuitry

Accuracy: +0.8% FS

Drift: +0.3% FS per 4 hrs.
Gain Range: 1 to 9

Accuracy of Null: +1% of Point

Trip Circuits (Non-Flow Biased)
Same as APRM (Uses same Quad Trip Cards)
Trip Circuits (Flow Biased)

Same as APRM (Uses same Quad Trip and Flow Biased Trip
Unit Cards)

Environmental Parameters at RBM Location
(Zone LC1A from EWCS) (Reference 3.6, Table 3.11-24)

Temperature (°F) 72 - 74

Relative Humidity (%) 35 - 45

Radiation 1x10° rads gamma
(integrated)
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8.6 Module 6 ABB Recirculation Flow Monitor
Model (Reference 3.25)
Equipment Numbers Not Known
8.6.1 Flow Unit Specifications (Reference 3.19)
Accuracy: +1% CS
(Total Flow Voltage Output)
Temperature Effect: +0.5% CS
(Total Flow Voltage Output)
Drift: +0.5% CS per 30 months
(Total Flow Voltage Output)
Comparator Trip Accuracy: +1% CS
(+2% minus 1% total flow
error)
Upscale Trip Accuracy: +1% CS
(+2% minus 1% total flow
error)
Transmitter Power Supply Drift: +2% per 30 months
8.6.2 Environmental Parameters at Flow Unit Location

(Zone LC1A from EWCS) (Reference 3.6, Table 3.11-24)
[It is assumed that this flow unit will be mounted in the
same general area as is the present flow unit]

Temperature (°F) 72 - 74

Relative Humidity (%) 35 - 45

Radiation 1x10® rads gamma
(integrated)
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9.0 CALIBRATION INSTRUMENT DATA

Most of the calibration procedures listed in Section 3.5 specify
the specific instrument to be used. However, References 3.5.f,
h, o, and g require only that the DMM used should have an
accuracy of at least + 0.01 Vdec. If this is considered a two
sigma value the one sigma requirement, which makes it compatible
with the DMM data from Reference 3.4, would be 0.01/2 or #0.005
Vdc. This value will be considered the MTE uncertainty term in
the portions of the calculation involving the above four
specified procedures.

The specified or acceptable DMMs are listed below with the
evaluations of Reference 3.4 shown in Section 9.1

Calibration Instrument MTE Error [1o] Evaluation Parameters

MTE for all DMM Calibrations

Fluke 45 Med (30 Vdc Rng) +0.002462 Vvdc @10vdc, 64.4-82.4°F
Fluke 8050A(20 vVdc Rng) +0.002693 Vdc @10vVdc, 64.4-82.4°F
Fluke 8060A (20 Vdc Rng) +0.003640 vdc @10vdc, 64.4-82.4°F
Fluke 8300A (10 Vdc Rng) +0.001005 vdc @10vdc, 68-86°F
Fluke 8500A (10 Vdc Rng) £0.000180 Vvdc @10vdc, 64.4-82.4°F
Fluke 8505A (10 Vdc Rng) +0.000140 vdc @10vdc, 64.4-82.4°F
Fluke 86OOA(200 mVdc Rng) +0.017205 mv @20 mvde, 59-95°F
Fluke 8600A (200 mVdc Rng) +0.022809 mVv @20 mvdc, 104°F
Fluke 8600A (200 mVdc Rng) +0.034961 mVv @20 mvde, 122°F
Fluke 8600A (20 Vdc Rng) +0.001803 vdc @10vdec, 59-95°F
Fluke 8800A (20 Vdc Rng) +0.000658 Vvdc @10vVdc, 64.4-82.4°F
Fluke 8810A (20 Vdc Rng) +0.000658 Vvdc @10vdc, 64.4-82.4°F
Fluke 8840A Slo(20 Vdc Rng) +0.000461 vdc @10vdec, 64.4-82.4°F
Fluke 8840A Med (20 Vdc Rng) +0.000559 vdc @10vdc, 64.4-82.4°F
Fluke 8840A Fst (20 Vdc Rng) +0.002059 vdc @10vdc, 64.4-82.4°F

s
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9.1 DMM Measurement Error Evaluations

From Reference 3.5 DMMs are used to measure the voltage of
various signals during calibration of the analog and trip
functions. Therefore, each DMM which is either specified or
acceptable for use in these applications will be evaluated on the
appropriate Vdc scale and at the maximum voltage to be read.

FLUKE 45 MEDIUM READING RATE RANGE : 30 vde
Manufacturer's Specifications

Reference Accuracy' (RA) = +(0.025%(RDG) + 2(digits)) [20]
Resolution (RES) = 0.001V

Temperature Effect’ (TE) = (0.1 (Accuracy Spec.)/°C) (AT) [20]

t 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C

Temperature Differential (AT)

64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C

Total Measurement Error (MTE)

MTE = *[(RA/2 + TE/2)? + RES?]* [10]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 30V
64.4 - 82.4 °F * 0.002462 V + 0.004854 v
104 °F + 0.005050 Vv + 0.010498 Vv
122 °F + 0.007269 Vv + 0.015233 V
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FLUKE 8050A RANGE : 20 vde
Manufacturer's Specifications
Reference Accuracy' (RA) = +(0.03%(RDG) + 2(digits)) [20]
Resolution (RES) = 0.001V
Temperature Effect” (TE) = +(0.1(Accuracy Spec.)/°C) (AT) [20]
Tt 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]™ [10]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
64.4 - 82.4 °F + 0.002693 Vv + 0.004123 V
104 °F + 0.0055%0 vV + 0.008857 V
122 °F + 0.008062 V + 0.012839 Vv
FLUKE 8060A RANGE : 20 Vdc
Manufacturer's Specifications
Reference Accuracy' (RA) = +(0.05%(RDG) + 2(digits)) [20]
Resolution (RES) = 0.001V
Temperature Effect” (TE) = +(0.1(Accuracy Spec.)/°C) (AT) [20]
t 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °cC
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]* [1o]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
64.4 - 82.4 °F + 0.003640 V + 0.006083 V
104 °F + 0.007765 Vv + 0.013238 Vv
122 °F + 0.011245 Vv + 0.019226 V
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FLUKE 8300A RANGE : 10 vde
Manufacturer's Specifications
Ref. Accuracy' (RA) = £(0.015%(RDG) + 0.005% (RNG)) [20]

i

Resolution (RES) 0.0001 Vv

Temp. Effect” (TE) = +({(0.0007%(RDG) + 0.0003%(RNG))/°C) (AT) [20]
t 1 Year Accuracy Specification
* From 0 °C to 20 °C and 30 °C to 50 °C

Temperature Differential (AT)

68 - 86 °F (20 - 30 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 30.0)°C = 10.0 °c
122 °F =  50.0 °C = AT = (50.0 - 30.0)°C = 20.0 °C

Total Measurement Error (MTE)

MTE = *[(RA/2 + TE/2)? + RES?]™ [1o]

Maximum Zone Temp. MTE at RDG = 2 Vv MTE at RDG = 10 V
68 - 86 °F + 0.000412 VvV + 0.001005 Vv

104 °F + 0.000628 Vv + 0.001503 vV

122 °F + 0.000846 VvV + 0.002003 Vv
FLUKE 8500Aa 5% DIGIT RESOLUTION RANGE : 10 vde
Manufacturer's Specifications
Ref. Accuracy' (RA) = +(0.002%(RDG) + 1(digit)) [20]
Resolution (RES) = 0.0001 Vv
Temp. Effect” (TE) = +((0.0002%(RDG) + 0.5(digit))/°C) (AT) [20]

t 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C

Temperature Differential (AT)

64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C

Total Measurement Error (MTE)

MTE = +[(RA/2 + TE/2)? + RES?*]™ [1o]

Maximum Zone Temp. MTE at RDG = 2 Vv MTE at RDG = 10 V

64.4 - 82.4 °F + 0.000122 Vv + 0.000180 Vv
104 °F * 0.000406 Vv t 0.000579 Vv
122 °F * 0.000671 V £ 0.000925 Vv
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FLUKE 8600A RANGE : 200 mVdc
Manufacturer's Specifications
Ref. Accuracy' (RA) = *(0.04%(RDG) + 0.01%(RNG)) [20]
Resolution (RES) = 0.01 mv
Temp. Effect” (TE) = +((0.003%(RDG) + 0.001%(RNG))/°C) (AT) [20]
t 6 Month Accuracy Specification
* From 0 °C to 15 °C and 35 °C to 50 °C
Temperature Differential (AT)
59 - 95 °F (15 - 35 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 35.0)°C = 5.0 °C
122 °F = 50.0 °C = AT = (50.0 - 35.0)°C = 15.0 °C
Total Measurement Error (MTE)
MTE = +[(RA/2 + TE/2)? + RES?]* [1lo]
Maximum Zone Temp. MTE at RDG = 20 mV MTE at RDG = 50 mV
59 - 95 °F + 0.017205 mVv + 0.022361 mV
104 °F + 0.022809 mv + 0.030439 mv
122 °F + 0.034961 mVv + 0.047319 mv
FLUKE 8600A RANGE : 20 Vdc
Manufacturer's Specifications
Ref. Accuracy' (RA) = *(0.02%(RDG) + 0.005% (RNG)) [20]
Resolution (RES) = 0.001V
Temp. Effect” (TE) = +{{0.001%(RDG) + 0.0005%(RNG))/°C) (AT) [20]
t 6 Month Accuracy Specification
* From 0 °C to 15 °C and 35 °C to 50 °C
Temperature Differential (AT)
59 - 95 °F (15 - 35 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 35.0)°C = 5.0 °C
122 °F =  50.0 °C = AT = (50.0 - 35.0)°C = 15.0 °C
Total Measurement Frror (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]* [1lo]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
59 - 95 °F + 0.001803 Vv + 0.002693 V
104 °F + 0.002236 V + 0.003400 V
122 °F + 0.003162 V + 0.004854 V
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FLUKE 8800A RANGE : 20 vdc
Manufacturer's Specifications
Ref. Accuracy’ (RA) = +(0.01%(RDG) + 0.0015% (RNG)) [20]
Resolution (RES) = 0.0001 Vv
Temp. Effect” (TE) = +({(0.0007%(RDG) + 0.0002% (RNG))/°C) (AT) [20]
t 90 Day Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 -~ 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]™ [1o]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
cd4.4 - 82.4 °F + 0.000658 Vv + 0.001154 Vv
104 °F + 0.001314 Vv + 0.002232 V
122 °F + 0.001863 Vv + 0.003132 V
FLUKE 8810A RANGE : 20 Vdc
Manufacturer's Specifications
Reference Accuracy’ (RA) = +(0.01%(RDG) + 3(digits)) [20]
Resolution (RES) = 0.0001 Vv
Temperature Effect” (TE) = +((0.0007% (RDG) + 1(digit))/°C) (AT) [20]
t 90 Day Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °c
Total Measurement Error (MTE)
MTE = +[(RA/2 + TE/2)? + RES?]" [1o]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
64.4 - 82.4 °F + 0.000658 Vv + 0.001154 Vv
104 °F + 0.001673 V + 0.002592 vV
122 °F + 0.002522 V + 0.003791 V
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FLUKE 8840A SLOW READING RATE RANGE : 20 vVdc
Manufacturer’s Specifications
Ref. Accuracy' (RA) = +(0.006%(RDG) + 3(digits)) [20]
Resolution (RES) = 0.0001 V
Temp. Effect”™ (TE) = +((0.0006%(RDG) + 0.3(digits))/°C) (AT) [20]
t 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 -» 28 °Q) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = +[(RA/2 + TE/2)? + RES?]* [10]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
64.4 » 82.4 °F + 0.000461 \Y + 0.000757 V
104 °F + 0.000995 Vv + 0.001653 V
122 °F + 0.001443 A\ + 0.002402 V
FLUKE 8840A MEDIUM READING RATE RANGE : 20 vde
Manufacturer's Specifications
Ref. Accuracy' (RA) = £(0.006%(RDG) + 5(digits)) [20]
Resolution (RES) = (0.0001 Vv
Temp. Effect” (TE) = +((0.0006% (RDG) + 0.3(digits))/°C) (AT) [20]
t 1 Year Accuracy Specification
* From O °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °c
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]" [10]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
0d4.4 - 82.4 °F + 0.000559 Vv + 0.000856 V
104 °F + 0.0010%85 Vv + 0.001753 Vv
122 °F + 0.001543 Vv + 0.002502 Vv
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FLUKE 8840A FAST READING RATE RANGE : 20 Vde
Manufacturer's Specifications
Ref. Accuracy’ (RA) = +(0.006%(RDG) + 3(digits)) [20]
Resolution (RES) = 0.001 V
Temp. Effect” (TE) = +((0.0006%(RDG) + 0.3(digits))/°C) (AT) [20]
t 1 Year Accuracy Specification
* From 0 °C to 18 °C and 28 °C to 50 °C
Temperature Differential (AT)
64.4 - 82.4 °F (18 - 28 °C) Temperature Effect Not Applicable
104 °F = 40.0 °C = AT = (40.0 - 28.0)°C = 12.0 °C
122 °F = 50.0 °C = AT = (50.0 - 28.0)°C = 22.0 °C
Total Measurement Error (MTE)
MTE = *[(RA/2 + TE/2)? + RES?]™ [1o]
Maximum Zone Temp. MTE at RDG = 10 V MTE at RDG = 20 V
64.4 - 82.4 °F + 0.002059 Vv + 0.002326 V
104 °F + 0.004084 V + 0.004727 V
122 °F + 0.005846 V + 0.006794 V
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9.2 Pressure Measurement Error Evaluation

References 3.5.s and 3.5.t specify the use of a “Pneumatic
Calibrator, 0-850" W.C. (Accuracy: #2.0" W.C., minimum) .”
Discussions with site personnel (Reference 3.16) revealed that
the instrument used at LaSalle is from Wallace & Tiernan and has
a minor scale division of 1" W.C. Of the two possible
instruments listed in Reference 3.4 only Model 65-120 meets the
accuracy requirement of the procedure at the environmental
conditions where it will be used, and then only if the procedural
accuracy is considered to be a one sigma value. Also, Reference
3.4 does not indicate that this instrument is used at LaSalle,
only at Quad Cities.

WALLACE & TIERNAN MODEL 65-120 -100 "WC to 850 "WC

Manufacturer’s Specifications

Reference Accuracy (RA) = £(2) (0.1%(RNG)) [20]

Minor Division (MD) = 1.0 "WC

Temperature Effect” (TE) = %(0.1%(RNG)/10 °C) (AT) [20]
* Referred to 25 °C

Calibrated Accuracy - RA Rounded Up To Nearest Minor Division

RA = *(2) (0.1%(RNG)) = = 1.9 "WC

Calibrated Accuracy (CA) + 2.0 "WC
Temperature Differential (AT)

77 °F = 25.0 °C = AT = (25.0 - 25.0)°C = 0.0 °C
104 °F = 40.0 °cC = AT = (40.0 - 25.0)°C = 15.0 °C
120 °F = 48.9 °C = AT = (48.9 - 25.0)°C = 23.9 °C

Total Measurement Error (MTE)

MTE = £[(CA/2 + TE/2)? + (MD/4)3?]"% [10]
Maximum Zone Temperature MTE

77 °F + 1.030776 "WC
104 ©°F + 1.730652 "WC
120 °F + 2.149835 "WC
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10.0 CALIBRATION PROCEDURE DATA

The loop calibration procedures (Reference 3.5) provide the
following information.
Allowable Value (Tech Spec LCO) come from the Technical
Specifications (Reference 3.7) or, for the RBM, the Core
Operating Limits Reports (Reference 3.15).

10.1 Flow Transmitter Calibration

The calibrated span for all flow transmitters represents 0 to

55,000 GPM (Section 7.0).
For FT-1B33-N014A/B/C/D and FT-1B33-N024C/D
W.C.

Test Inputs: 0 to 387.1"

Input Tolerance: None Given

Information on Nominal Trip Setpoint and

Desired Output:
Output Tolerance:
For FT-1B33-N024A/B
Test Inputs:
Input Tolerance:
Desired Output:
Output Tolerance:
For FT-2B33-N014A/B
Test Inputs:
Input Tolerance:
Desired Output:

Output Tolerance:

4 to 20 mVdc
+0.080 mV
25.5 to 272.9" W.C.
None Given

4 to 20 mVdc
+0.080 mV

0 to 390.4" W.C.
None Given

4 to 20 mVdc

+0.080 mV

For FT-2B33-N014C/D and FT-2B33-N024A/B

Test Inputs:

Input Tolerance:

0 to 410.7" W.C.

None Given
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Desired Output:
Output Tolerance:
For FT-2B33-N024C/D
Test Inputs:
Input Tolerance:
Desired Output:

Output Tolerance:

Test Inputs:

Input Tolerance:

Desired Output:

Output Tolerance:
10.3 Flow Summer Calibration

Analog Circuitry

Test Inputs:

Input Tolerance:

Desired Output:

Output Tolerance:

Correlation to Computer
Calculated Flow

Upscale Trip

Instrument Setpoint:
Allowable Range:

Nominal Trip Setpoint:

10.2 Square Root Converter Calibration

4 to 20 mvVdc

+0.080 mV

0 to 448.7" W.C.
None Given
4 to 20 mvdc

+0.080 mVv

4 to 20 mvdc
+0.050 mV
0 to 10 Vvdc

+0.025 V

7.660 Vdc
1.000 vdc

+0.010 V

8.000 vdc
1.044 vdc

+0.010 V

+0.0, -0.05 Vvdc

8.630 Vdc (increasing)
8.530 to 8.730 Vdc (£0.10 Vdc)*

<108% Flow (8.640 Vdc)
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Tech Spec LCO: <111% Flow (8.88 Vvdc)
Analytic Limit: <116% Flow (Reference 3.27)
Comparator Trip
Test Input: 8.000 Vdc (100% Flow)
Input Tolerance: +0.010 V
Instrument Setpoint: 8.790 Vdc (increasing)
Allowable Range: 8.710 to 8.870 Vdc (+0.080 Vvdc)*
Instrument Setpoint: 7.210 Vdc (decreasing)
Allowable Range: 7.130 to 7.290 Vdc (x0.080 vVdc) *
Nominal Trip Setpoint: <10% Flow Deviation (+0.8 Vdc)
Tech Spec LCO: <11% Flow Deviation (+0.88 Vdc)
Analytic Limit: =19% Flow (Reference 3.27)

i,

*Note: The setting tolerance for theupscale (+0.1 Vdec) and

comparator trip (+0.08 Vdc) are proposed values that will be analyzed
by this calculation. The calibration procedure may incorporate
tolerances less than or equal to the proposed values.

10.4 APRM Calibration - Note: The following reflects current
information that will change as a result of this calculation and
the implementation of power uprate (Reference 3.33).

AGAF Adjustment

AGAF Setpoint: 1.00

Allowable Range: 0.98 to 1.02 (+£0.02)

Neutron Flux High (Rod Block) - Setdown

Instrument Setpoint: 0.920 vdc (11.5%)

Allowable Range: 0.880 to 0.960 Vdc (+0.040 Vvdc)
Nominal Trip Setpoint: =12%

Tech Spec LCO: <14% (1.120 Vdc)

Analytic Limit: <19% (Reference 3.27)

Neutron Flux High (Scram) - Setdown

Instrument Setpoint:
Allowable Range:

1.160 vdc (14.5%)

1.120 to 1.200 Vdc (+0.040 Vvdc)
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Nominal Trip Setpoint: <15%
Tech Spec LCO: =20% (1.600 Vdc)
Analytic Limit: 25% (Reference 3.27)

Neutron Flux High (Scram)

Instrument Setpoint: 9.400 Vdc (117.5%)

Allowable Range: 9.360 to 9.440 vVdc (+0.040 vdc)
Nominal Trip Setpoint: <118%

Tech Spec LCO: =120% (9.600 Vvdc)

Analytic Limit: 124.2% (Reference 3.27)

Flow Biased Simulated Thermal Power - Upscale (Scram)
Two Recirculation Loop Operation

Instrument Setpoint: 8.390 Vdc (104.9%)

(80% Flow)

Allowable Range: 8.350 to 8.430 Vdc (+£0.040 vdc)
Nominal Trip Setpoint: <0.58W + 59%

Tech Spec LCO: =0.58W + 62%

Analytic Limit: To be calculated in Section 13.

Flow Biased Simulated Thermal Power - Upscale (Scram)
Single Recirculation Loop Operation

Instrument Setpoint: 8.010 Vdc (100.1%)

(80% Flow)

Allowable Range: 7.970 to 8.050 Vdc (+0.040 Vvdc)
Nominal Trip Setpoint: <0.58W + 54.3%

Tech Spec LCO: s0.58W + 57.3%

Analytic Limit: To be calculated in Section 13.

Flow Biased Simulated Thermal Power - Upscale Clamp (Scram)

Two Recirculation Loop Operation

Instrument Setpoint: 9.040 vdc (113%)
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Allowable Range: 9.000 to 9.080 Vdc (+0.040 vdc)

Nominal Trip Setpoint: <113.5%

Tech Spec LCO: =115.5% (9.240 Vdc)

Analytic Limit: To be calculated in Section 13.

Flow Biased Simulated Thermal Power - Upscale Clamp (Scram)
Single Recirculation Loop Operation

Instrument Setpoint: 9.040 vdc (113%)

Allowable Range: 9.000 to 9.080 Vdc (+0.040 Vvdc)
Nominal Trip Setpoint: 113.5%

Tech Spec LCO: £115.5% (9.240 Vvdc)

Analytic Limit: To be calculated in Section 13.

Flow Biased Simulated Thermal Power - Upscale (Rod Block)
Two Recirculation Loop Operation

Instrument Setpoint: 7.430 Vdc (92.9%)

(80% Flow)

Allowable Range: 7.390 to 7.470 Vdc (+0.040 vdc)
Nominal Trip Setpoint: s0.58W + 47%

Tech Spec LCO: s0.58W + 50%

Analytic Limit: To be calculated in Section 13.

Flow Biased Simulated Thermal Power - Upscale (Rod Block)
Single Recirculation Loop Operation

Instrument Setpoint: 7.050 Vdc (88.1%)

(80% Flow)

Allowable Range: 7.010 to 7.090 Vdc (+0.040 vdc)
Nominal Trip Setpoint: <0.58W + 42.3%

Tech Spec LCO: s0.58W + 45.3%

Analytic Limit: To be calculated in Section 13.

Neutron Flux Downscale (Rod Block)
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Instrument Setpoint: 0.440 Vdc (5.5%)
Allowable Range: 0.400 to 0.480 Vdc (+0.040 vdc)

Nominal Trip Setpoint:
Tech Spec LCO:
Analytic Limit:

10.5 RBM Calibration

=25%
23% (0.240 Vvdc)

0% (Reference 3.27)

RBM Upscale (Two Recirculation Loop Operation)

Instrument Setpoint:
(100% Flow)
Allowable Range:

Nominal Trip Setpoint:
(Reference 3.15)

Tech Spec LCO:
(Reference 3.15)
Analytic Limit:

8.84 Vdc (110.5%)

8.80 to 8.88 Vdc (+0.040 Vvdc)
s0.66W + 45% (111%)
=0.66W + 48% (114%)

To be calculated in Section 13.

RBM Upscale (Single Recirculation Loop Operation)

Instrument Setpoint:
(100% Flow)
Allowable Range:

Nominal Trip Setpoint:
(Reference 3.15)

Tech Spec LCO:
(Reference 3.15)
Analytic Limit:

RBM Downscale

Instrument Setpoint:
Allowable Range:
Nominal Trip Setpoint:
Tech Spec LCO:

Analytic Limit:

8.09 vdc (101.7%)
8.05 to 8.13 Vvdc (+0.040 vdc)
<s0.66W + 39.7% (105.7%)

s0.66W + 42.7% (108.7%)

To be calculated in Section 13.

0.404 Vdc

0.400 to 0.408 Vdec (+0.004 Vde)
25% (0.400)

=3% (0.240)

0% (Reference 3.27)
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11.0 MODULE ERRORS

11.1 Module 1 (Flow Transmitter)

Classification of Module

Since Module 1 is a flow transmitter, its input and output
both analog signals.

analog module.

are

Therefore, Module 1 is classified as an

11.1.1 Module 1 Random Error (ol)
This section addresses random uncertainties that have the
potential to be expressed in the output of Module 1.
11.1.1.1 Reference Accuracy (RAl)
Per Segtion 8.1.1 the reference accuracy for the flow
transmitters is
RAl = 0.25% CS (calibrated span)
Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
RAl., = +RA1/2 % CS
RAl ., = +0.25/2 % CS
RAl ., = +0.125% CS
11.1.1.2 Drift (RD1)

Per Reference 3.8 drift is considered a random variable for
this calculation. Section 8.1.1 gives a value of +0.2%UR
(upper range) per 30 months for vendor drift (RDgp) . In
order to keep all error terms as a function of calibrated
span, UR can be converted to CS by multiplying UR by CS/CS
resulting in UR equaling (UR/CS)*CS. Using this gives

RD1 = #RDu%* (UR/CS) *CS
RD1 = +0.2*%(750/247.4)% CS
RD1 = +0.606306% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
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RD1.,, = +RD1/2 % CS

X

RD1,, = +0.606306/2 % CS
RD1,, = +0.303153% CS

Table 4.3.6-1 of Reference 3.7 indicates a surveillance
interval of 13 weeks (Quarterly) for this instrument loop.
However, as stated in Section 2.1.b the drift error term
will not be reduced even though the surveillance interval is
shorter than the period for which the vendor drift value
applies.

11.1.1.3 Calibration Uncertainty (CAL1)

The uncertainties associated with calibrating the flow
transmitters are composed of the uncertainties in setting
the input signal and the uncertainties in reading the output
signal. References 3.5.s and 3.5.t do not give a particular
instrument to be used for setting the input during
calibration. Rather, they simply indicate a “Pneumatic
Calibrator, 0-850" W.C. (accuracy: #2.0" W.C., minimum)” is
required. Per Assumption 5.11 LaSalle is assumed to be
using a Wallace and Tiernan Model 65-120 instrument for this
input monitoring function. For the maximum temperature
applicable to this location the accuracy given by Reference
3.4 for this instrument is 2.149835" W.C. This is the value
that will be used in this calculation. The reading error
term (REMTElg) is included in total MTE error term given in
Reference 3.4. Therefore, a value of 0 will be used for
REMTE1l;, for this calculation.

The instrument specified by the procedures for measurement
of the flow transmitter output is a Fluke 8600A DMM. For
the voltage range of interest for this calculation the
reference accuracy, from Reference 3.4, is 0.034961 mvdc.
(RAMTE2;;) . Since this is a digital instrument, there is no
reading error associated with its use (REMTE2,, = 0).

The voltage at the flow transmitter output is measured
across a precision one ohm resistor which Reference 3.16
indicates is accurate to 0.005%. This means that the
maximum voltage error induced by the resistor is 0.00005x20
mV or 0.001 mV. Since vendor accuracies are considered two
sigma values, it must be divided by 2 to be compared with
the DMM accuracy value (RAMTE2,,). The one sigma error is
then 0.0005 mVdc. This is a factor of more than 30 less
than the DMM error term so it can be ignored in the
calculation.
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From Reference 3.3,

MTEl = [(RAMTE1l/n)? + REMTE12]°S
where n is the number of standard deviations applicable to
the error term. Reference 3.4 gives a value of 1 for n for
both the input and output test instruments.
For this calculation

MTElpr = & [(RAMTEl./n)? + REMTE1.*]°° “WC

MTE1., +[(2.149835/1)2 + 02]°%°5 “WC

MTElp, = +2.149835 “WC
In order to make this term compatible with the other error
terms it must be converted to %CS by dividing by the span
and multiplying by 100.

MTElpr(s) = +(MTElp;/CSp) *100 % CS

MTElprcq) = +(2.149835/247.4) %100 % CS

MTElprs, = +0.868971% CS

The output error MTE2,, is determined in the same way as was
the input error. \

MTE2;; = +[(RAMTE2../n)? + REMTE2..2]°° mvdc

MTE2;; = +[(0.034961/1)% + 02%]°5 mvdc
MTE2;, = +0.034961 mVdc

This also must be converted to % CS by dividing by the
output span (CSgp ) and multiplying by 100.

X

MTEZ2pr(cs) = #(MTE2pp/CSpp(oyry) *100 % CS

MTE2pcs) = +(0.034961/16)*100 % CS

MTE2pcq) = +0.218506% CS

From Section 5.2 the error attributed to the calibration
standards is considered negligible. Therefore, the only
terms which contribute to CAL1 are MTE1l and MTE2. For this
calculation
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CALlpy = [ (MTElpp(gy)? + (MTE2pp g ) 21%°% % CS

CALl., = +[0.868971% + 0.2185062%]°°

CALl,, = +0.896022% CS

11.1.1.4 Setting Tolerance (ST1)

The setting tolerance for the flow transmitters is the
combination of the input and output setting tolerances.
From References 3.5.s and 3.5.t the setting tolerance for
the flow transmitters’ output (STpur) is 0.08 mVdc. No
setting tolerance is given in the procedures for the input
instrument. Therefore, the input setting tolerance (STer ()
used for this calculation will be one half of one minor
division which, from References 3.4 and 3.16, would be 0.5"
WC.

Both of these setting tolerance terms will now be converted
to % CS by dividing by the appropriate span and multiplying
by 100.

STer(mm (csy = * (STpr(w/CSer) ¥100 % CS

STpr(m (csy = +(0.5/247.4)*100 % CS

STFT(IN) (Ccs) = 10.202102% CS

STer(our) (cs) = % (STFT(OUT)/CSFT(OUT)) *100 %

o\

CS

STer(our) cs) = +(0.08/16)*100 % CS

STer(our) (csy = +0.5% CS
The total setting tolerance for the flow transmitters is the
combination of these two terms by SRSS. Also, from Section
2.1.a these are considered 3 sigma values and must,
therefore, be divided by 3 to make them compatible with the

other 1 sigma error terms. The total setting tolerance
ST1.,,, is then

STl g = £[(STerimcs)/3)? + (STerioum () /3)21%° % CS
STl = +£[(0.202102/3)% + (0.5/3)2]°%5 % (g

ST1 4, = +0.179767% CS
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11.1.1.5 Static Pressure Span Effect (Correction Uncertainty) (SPSE;,)

References 3.5.s and 3.5.t state that a 1% of span
correction has been included in the calibration to
compensate for the static pressure span effect. However,
Reference 3.14 states that there is a plus/minus correction
uncertainty associated with this compensation. Therefore,
this uncertainty will be included as a random error term in
this calculation. Although the vendor gives this error term
as a percent of reading, it will be considered as percent
calibrated span which simplifies the calculation and is
conservative.

SPSEy; = +0.25% CS/1000 psi

Since the normal operating pressure is very near 1000 psi
(1025 psi from Section 7.0) this value will be used as is.

This must now be divided by 2 since the manufacturer’s data
is considered a 2 sigma value.

SPSEpr 1, = #SPSE../2 % CS

\O

SPSEpr1,) = +0.25/2 % CS
SPSEpr(1,) = +0.125% CS
11.1.1.6 Static Pressure Zero Effect (SPZE.)

For this device the vendor lists a Static Pressure Zero
Effect of +0.25% UR/2000 psi. This must be multiplied by
the actual static pressure (STAPRg,) to find the effect for
this application. At this time it will also be converted to
% CS using the discussion from Section 11.1.2.2 below in
order to make it compatible with the other error terms. In
addition the result must be divided by 2 in order to make it

a 1 sigma value. The result is:

SPZEpr(1s) = +(SPZEy/2) (STAPR;;/2000) (URg/CSpr) & CS

SPZEpr(1, = +(0.25/2) (1025/2000) (750/247.4) % CS
SPZEir (1, = +0.194207% CS
11.1.1.7 1Input Uncertainty (oinputl)
Since module 1 is the first module, there is no input from a

previous module. However, per Reference 3.17, there is a 5%
error associated with the elbow type flow element. If this
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is considered a two sigma value, the one sigma value would
be 5/2 or 2.5%. This term will be considered the input
error. Therefore,

cinputl = +2.5% CS

Per Section 4.9 this is considered 0 for the Comparator Trip
error analysis.

oinputl, = 0
11.1.1.8 Determination of Module Random Error (o1)
Using the methodology of Reference 3.3,

0l = +[(RALl,))? + (RD1y,)? + (CALLy)? + (ST1l,,)? +
(SPSEFle)Z + (SPZEpﬂlw)z + (oinput1)?]°°® % CS

0l = +[(0.125)2 + (0.303153)2 + (0.896022)2 +
(0.179767)% +(0.125)% + (0.194207)2 + 2.52]°5 % Cg

0l = +£2.691847% CS
For the Comparator Trip:

0le = +[(RA1,,)? + (RD1.,)? + (CAL1,.)? + (STlém)2
(SPSEgr(1))° + (SPZEpr1)? + (oinputil.)?]°

0l = +[(0.125)2 + (0.303153)2 + (0.896022)2 +
(0.179767)% +(0.125)% + (0.194207)2 + 0%]°5 % CS

0l = +£0.998018% CS
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11.1.2 Module 1 Non-Random Errors (Jel)
11.1.2.1 Humidity Errors (elH)

Since Reference 3.14 does not identify a humidity error term
a value of zero will be used per Section 4.3.

elH = 0% CS
11.1.2.2 Temperature Error (elT)

From Section 8.1.1 the temperature effect (VTE.) error of
the flow transmitters is a function of both the calibrated
span (CS) and the upper range (UR) per 100°F temperature
change. From Section 4.2 the maximum temperature at the
transmitter during normal operation is expected to be 118°F
(MAXTEMP;,) . From Section 4.6 the minimum calibration
temperature for the flow transmitters is considered to be
60°F (CALTEMPg;). Using the vendor’s equation VTE. is then

VIEp: = +(0.5%UR + 0.5%CS) per 100°F
In order to keep all error terms as a function of calibrated
span, UR can be converted to CS by multiplying UR by CS/CS
resulting in UR equaling (UR/CS)*CS. Using this in the
above equation gives

VTEp; = +[0.5% (URpp/CSpp) + 0.5]* [ (MAXTEMP,p-
CALTEMP;;) /100] $CS;.

For this calculation VTE,, equals elT. Therefore,

elT = +[0.5%(URpp/CSpp) + 0.5] * [ (MAXTEMP .~
CALTEMP;;) /100]% CSpp

elT = +[0.5(750/247.4) + 0.5]*[(118-60)/100]% CS

elT = +1.169143% CS

11.1.2.3 Radiation Error (elR)

Section 8.1.1 gives a radiation effect that is applicable to
and following accident conditions. Since this calculation
does not apply to accident conditions, and since the
transmitters are being calibrated at an interval during
which the TID is insignificant (maintenance personnel
calibrate the transmitters in place) the radiation error for
this calculation is insignificant and does not provide any
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radiation induced error specifications. Therefore, per
Assumption 5.2 these errors are assumed to be included
within the vendor’s accuracy terms.

elR = 0% CS
11.1.2.4 Seismic Error (elS8)

Per Section 4.7 seismic error for this module is considered
negligible.

elS = 0% C8
11.1.2.5 Static Pressure Effect (elSP)

From References 3.5.s8 and 3.5.t, these instruments have been
compensated for static pressure effect during calibration.
Therefore, static pressure effects are considered to be
negligible.

elSP = 0% CS
11.1.2.6 Pressure Error (elP)

From Section 8.1.2, these instruments are exposed to an
environment whose pressure varies only slightly from ambient
conditions (1 atmosphere). Therefore, pressure effects are
considered to be negligible.

elP = 0% CS
11.1.2.7 Process Errors(elp)

References 3.5.f and 3.5.0 provide instructions on
calibrating the total flow as measured by this
instrumentation to the total flow as is calculated by the
process computer. Therefore, any process error is
compensated for by this calibration.

elp = 0% CS
11.1.2.8 Power Supply Effects (elV)

From Section 8.1.1, the power supply effect (PSE.) given by
the vendor is 0.005% CS per volt. References 3.5.s and
3.5.t allow a range (aV.) of 0.5 Vdc for the transmitter
power supply, and Reference 3.19 gives this same value
(0.02x24 Vdc) as a possible drift amount. This range will
be considered the amount by which the power supply can vary.
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Therefore,
€lV = +PSE *AV., % CS

elV +0.005*0.5 % CS

elV = +0.0025% CS
11.1.2.9 Non-Random Input Error (einputl)
Since this is the first module, the only input is from the
flow element. Non-Random error from this device is
considered to be zero.
einputl = 0% CS
11.1.2.10 Non-Random Error (Tel)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

zel = +(elH + elT + elR + elS + elSP + elP + elp + elV
+ einputl)% CS

el = (0 + 1.169143 + 0 + 0 + O + O + O + 0.0025 +
0)% CS

rel = +1.171643% CS
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11.2 Module 2 (Square Root Converter)

Clasgification of Module

Since Module 2 is a square root converter, its input and output
are both analog signals. Therefore, Module 2 is classified as an
analog module.

11.2.1 Module 2 Random Error (og2)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 2.

11.2.1.1 Reference Accuracy (RA2)

Per Section 8.2.1 the reference accuracy for the square root
converter is included in an overall RFM accuracy which will
be applied at the output of the Flow Summer (Module 3).
Therefore, the reference accuracy (RA2) for this module will
be considered

RA2 = 0

o\°

CSs

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

RA2,, = +RA2/2 % CS

RA2 ., = +0/2 % CS

o\

RA2,, = +0% CS

11.2.1.2 Drift (RD2)

Per Section 8.2.1 the reference drift for the square root
converter is included in an overall RFM accuracy which will
be applied at the output of the Flow Summer (Module 3).
Therefore, the reference drift (RD2) for this module will be
considered

RD2 = 0% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

\0

RD2,, = RD2/2 % CS

RD2,,, = 0/2

oe

Cs
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RD2,, = +0% CS
11.2.1.3 Calibration Uncertainty (CAL2)

The uncertainties associated with calibrating the square
root converters are composed of the uncertainties in setting
the input signal and the uncertainties in reading the output
signal. References 3.5.s and 3.5.t specify that Fluke 8600A
DMMs be used for measurement of the input and output
signals. 1In addition the input voltage is developed by
running a current through a precision one ohm resistor.
However, as was determined in Section 11.1.1.3 the
uncertainty contributed by the precision resistor itself is
much smaller than the uncertainty contributed by the DMM
and, therefore, can be ignored.

For the voltage range of interest for the DMM measuring the
input voltage the reference accuracy, from Reference 3.4, isg
0.017205 mVdc (RAMTElg). Since this is a digital
instrument, there is no reading error associated with its
use (REMTElg = 0).

For the voltage range of interest for the DMM measuring the
output voltage the reference accuracy, from Reference 3.4,
is 0.001803 Vdc (RAMTE2g). Since this is a digital
instrument, there is no reading error associated with its
use (REMTE2g = 0).

From Reference 3.3,

MTE1 = [(RAMTE1l/n)? + REMTE12]°-°
where n is the number of standard deviations applicable to
the error term. Reference 3.4 gives a value of 1 for n for
both the input and output test instruments.
For this calculation

MTElg = +[(RAMTElg/n)? + REMTE1.?]°° mvdc

MTElg = +[(0.017205/1)% + 02]%5 mvVdc

MTElg, = +0.017205 mVdc
Since the square root converter is not a linear module this
value must be converted to an equivalent output wvalue
(MTElgr(oury) by one of the equations of Section 2.1.c. Also,

these equations indicate that the conversion factor is a
function of the operating point. Therefore, an operating
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point must be chosen at which the conversion will take
place. For this calculation the operating point is
considered to be 6 Vdc (OPg) at the output of the square
root converters which is equal to approximately 75% Flow.
Choosing this value is a compromise in that the error term
is then conservative at flows greater than 75% but non-
conservative at flows less than 75%.

Using Equation 3 from Section 2.l1.c the conversion is
MTElgoury = (3.125*MTElg)/(OPg) Vdc
MTElg oory = (3.125%0.017205)/6 Vdc
MTElgr oo = +0.008961 Vdc
In order to make this term compatible with the other error
terms it must be converted to %CS by dividing by the span
and multiplying by 100.
MTElge(cs) = # (MTELlgq our/CSsrioum) ¥100 % CS
MTElg sy = +(0.008961/10)*100 % CS

MTElg s, = +0.08961% CS

The output error MTE2g; is determined in the same way as was
the input error.

MTE2g = +[(RAMTE2./n)> + REMTE2.2?] %5 Vdc

MTE2g = +[(0.001803/1)% + 0%]°5 vdc
MTE2g, = +0.001803 Vdc

This also must be converted to % CS by dividing by the
output span (CSp; ) and multiplying by 100.

MTE2gr(cs) = + (MTE2g/CSerioom) *100 % CS

MTE2g sy = +(0.001803/10)*100 % CS

MTE2g o) = +0.01803% CS
From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only

terms which contribute to CAL2 are MTEl and MTE2. For this
calculation
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CAL2g; = +[(MTElges))? + (MTE2g . )21°%° % CS

CAL2g, = +[0.08961% + 0.018032%]1°%° % (s

CAL2g = +0.091406% CS

11.2.1.4 Setting Tolerance (ST2)

The setting tolerance for the square root converters is the
combination of the input and output setting tolerances.
From References 3.5.s and 3.5.t the setting tolerance for
the square root converter’s input (8Ter(ryy) 18 0.05 mVdc.
The setting tolerance for the square root converter’s output
(STqroury) 18 given as 0.025 Vdc.
The input setting tolerance must now be converted to an
equivalent output value as was done in Section 11.2.1.3.
The same operating point will also be used. Using Equation
3 from Section 2.1.c, the input setting tolerance converted
to the output (STg 1y our) 18

STer(mm ouory = (3.125%STg gy ) /OPg; Vdc

STer(m v = (3.125%0.05) /6 Vdc

STer(m) oor) = 0.026042 Vdc
Both of these setting tolerance terms will now be converted
to % CS by dividing by the square root converter output span
and multiplying by 100.

STsrim (cs) = #* (STerw) our) / CSerioury) ¥100 % CS

STerm cs) = +(0.026042/10)*100 % CS

STerimy (cs) = +0.26042% CS

STer (oum) (cs) = % (STsp(our)/ CSepioury) ¥100 % CS

STeriour (csy = +(0.025/10) %100 % CS

STsr oum) (csy = +0.25% CS
The total setting tolerance for the square root converter is
the combination of these two terms by SRSS. Also, from
Section 2.1.a these are considered 3 sigma values and must,
therefore, be divided by 3 to make them compatible with the

other 1 sigma error terms. The total setting tolerance
ST2 ., 1is then
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ST2 (15 = +[(STer(m (cs)/3)? + (STerioum c)/3)21°%% % CS
ST2,, = +[(0.26042/3)% + (0.25/3)2]%% 3 CS
ST2(, = +0.120332% CS

11.2.1.5 Input Uncertainty (¢input2)

In addition to its own error terms, Module 2 also operates
on the error terms from Module 1. Therefore, the random
error term (0l) from the flow transmitter must be
transferred through the square root converter from input to
output using the equations from Section 2.1.c. The
resultant term will be ocinput2 for this module. However,
before this can be done ¢l must be converted to a millivolt
signal. This can be done by dividing o1 by 100 and
multiplying by the input span CSer(our) -

0lyy = +(01/100) *CSproyry mMVdc
0ly, = +(2.691847/100)*16 mvVdc
0ly = +0.430696 mvdc

Transferring this through the square root converter using
Equation 3 of Section 2.1.c gives

ocinput2y = +(3.125%01,,) /OP,, Vdc

cinput2, = +(3.125%0.430696) /6 Vdc

oinput2, +0.224321 Vvdc

o)

Next this is changed into % CS by dividing by the output
span and multiplying by 100.

oinput2 = i (oinput2,/CSgq ) *100 % CS
oinput2 = +(0.224321/10)*100 % CS
oinput2 = +2.24321% CS

For the Comparator Trip Loop the above nine equations
becomne:

0lwe = +(01./100) *CSpy ouyy mVdc

01lyve +(0.998018/100) *16 mvdc

REVISION NO. 0




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 62 of 191

11.2.1.6

0lyye

Transferring this through the square root converter using
Equation 3 of Section 2.1.c gives

oinput2y. = +(3.125%01,,.) /OPy Vdc
cinput2,. = +(3.125%0.159683) /6 Vdc

cinput2y. = +0.083168 Vdc

Next this

span and multiplying by 100.
oinput2. = +(oinput2y./CSg our ) *100 2
oinput2,
cinput2. = +0.83168% CS

Determination of Module Random Error (o2)

Using the

02 =

02 =

02 =

For the Comparator Trip this becomes:

02

02, =

02¢

= #0.159683 mVdc

is changed into % CS by dividing by the output

o\

Cs

+(0.083168/10) *100 % CS

methodology of Reference 3.3,

[ (RA2(,,))? + (RD2,))? + (CAL2g)2 + (ST2.,)2 +
(cinput2)?]°® % Cs

0.091406)% + (0.120332)2 +

+[(0)? + (0)% + (
2] 0.5 % CS

(2.24321)

+2.248294% CS

t[(RA2(,)? + (RD2,))® + (CAL2g)? + (ST2.,,)? +
(cinput2_)?]°%*® % Cs

0.091406)% + (0.120332)2 +

+[(0)% + (0)2 + (
2] 0.5 % CS

[
(0.83168)

+0.845297% CS
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11.2.2 Module 2 Non-Random Errors (Ze2)
As is indicated in Section 8.2 the specifications for the
square root converters are included in an overall
recirculation flow monitor specification which will be
applied at the output of the flow summer, Module 3.
Therefore, all the non-random error terms will be considered
to be 0 except for einput2 which is the non-random error
from Module 1 (zel).
11.2.2. Humidity Errors (e2H)
Per Section 11.2.2 this error is considered to be zero.
e2H = 0% CS
11.2.2. Temperature Error (e2T)
Per Section 11.2.2 this error is considered to be zero.
e2T = 0% CS
11.2.2. Radiation Error (e2R)
Per Section 11.2.2 this error is considered to be zero.
e2R = 0% CS
11.2.2. Seismic Error (e2S8)
Per Section 11.2.2 this error is considered to be zero.
e2S = 0% CS8
11.2.2. Static Pressure Effect (e2SP)
Per Section 11.2.2 this error is considered to be zero.
e2SP = 0% CS
11.2.2. Pressure Error (e2P)
Per Section 11.2.2 this error is considered to be zero.
e2P = 0% CS
11.2.2. Process Errors (e2p)
Per Section 11.2.2 this error is considered to be zero.
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e2p = 0% CS
11.2.2.8 Power Supply Effects (e2V)
Per Section 11.2.2 this error is considered to be zero.
e2V = 0% CS
11.2.2.9 Non-Random Input Error (einput2)
In addition to its own error terms, Module 2 also operates
on the error terms from Module 1. Therefore, the non-random
error term (Zel) from the flow transmitter must be
transferred through the square root converter from input to
output using the equations from Section 2.1.c. The
resultant term will be einput2 for this module. However,
before this can be done fel must be converted to a millivolt
signal. This can be done by dividing %el by 100 and
multiplying by the input span CSg;yr -
Tely = +(£el/100) *CSppgur mVdc
Zely = +{(1.171643/100)*16 mvVdce
Yely = +0.187463 mVdc

Transferring this through the square root converter using
Equation 3 of Section 2.1.c gives

einput2, = +(3.125*Fel,,) /OP, Vdc
einput2, = +(3.125*%0.187463)/6 Vdc

einput?2, +0.097637 Vdc

"

Next this is changed into

% CS by dividing by the output
span and multiplying by 100.

einput2 = t(einput2,/CSg ) *100 % CS
einput2 = +(0.097637/10)*100 % CS
einput2 = +0.97637% CS

11.2.2.10 Non-Random Error (fe2)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.
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ze2 = +(e2H + e2T + e2R + e2S + e2SP + e2P + e2p + e2V
+ einput2)% CsS
Te2 = (0 + 0+ 0 + 0 + 0+ 0+ 0+ 0 + 0.97637)% CS
re2 = +0.97637% CS
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11.3 Module 3

Claggification of Module

(Flow Summer)

Module 3 is an analog summer. As such its input and output are

both analog signals.
analog module.

11.3.1 Module 3 Random Error (¢3)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 3.

11.3.1.1 Reference Accuracy (RA3)

Per Section 8.3.1 the reference accuracy applied to this
module is the overall RFM accuracy which will be applied at
the output of this module, the Flow Summer. Per Reference
3.18 the reference accuracy for this unit is +2%. Since the
vendor does not state percent of what, this value will be
considered percent of calibrated span. This is conservative
and makes it compatible with the other error terms.

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

o\°

RA3 = 2% CS

RA3, = +RA3/2

RA3 ., = +2/2 % CS

RA3(1D.) = il

o\®

11.3.1.2 Drift (RD3)

Per Section 8.3.1 the reference drift applied to this module
is the overall RFM drift which will be applied at the output

of this module.

this unit is +1.25% per 700 Hrs. Since the vendor does not
state percent of what, this value will be considered percent
of calibrated span. This is conservative and makes it
compatible with the other error terms.

Reference 3.7, Table 4.3.1.1-1, Note (e) indicates that the
RFM is adjusted weekly to a calibrated flow signal.
Therefore, this drift term does not need to be extended to a

longer period.

Therefore, Module 3 is classified as an

o\

Cs

cs

Per Reference 3.18 the reference drift for
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RD3 =

Per Assumpt

This is then converted to a 1 sigma value by dividing by 2.

RD3 (1a)
RD3 14

RD3 1

11.3.1.3 Calibration Uncertainty (CAL3)

The uncerta
summer are

input signa
signal. Re

DMMs be used for measurement of the input and output

signals.

Both input and output signals of the flow summer are 0 to 10

Vdc signals
same for bo

the DMMs measuring the input and output voltages the
reference accuracy, from Reference 3.4, is 0.001803 Vdc
(RAMTElgy, RAMTE2g,) . Since this is a digital instrument,

there is no

and REMTE2., = 0).

From Reference 3.3,

MTE1l =

where n is the number of standard deviations applicable to
the error term. Reference 3.4 gives a value of 1 for n for
both the input and output test instruments.

For this ca
MTE1 o
MTE1 gz
MTE1 g,

In order to

terms it must be converted to %CS by dividing by the span
(CSgr(oury Will be used since the input span of the summer is

the same as

1.25% CS

ion 5.1, this is assumed to be a 2 sigma value.

X

= RD3/2 % CS

\O

= 1.25/2 % CS

= +0.625% CS

inties associated with calibrating the flow
composed of the uncertainties in setting the

1 and the uncertainties in reading the output
ferences 3.5.s and 3.5.t specify that Fluke 8600A

. Therefore, the MTE error terms will be the

th of them. For the voltage range of interest for

reading error associated with its use (REMTElgy,

[ (RAMTE1/n)? + REMTE12]°5

lculation

+ [ (RAMTE1lgy,/n)? + REMTE1.,2]°%5 vdc

+[(0.001803/1)% + 02]°°% vdc

= +0.001803 Vdc

make this term compatible with the other error

the output span of the square root converter)
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and multiplying by 100.

MTElgmcs)y = * (MTELgu/CSeriour) ¥100 % CS

MTElggesy = +(0.001803/10)*100 % CS

MTElgumes) = +0.01803% CS
Since the input and output use the same instrument and have
the same range the output MTE term (MTE2gyy(csy) 18 equal to
the input term or

MTEZ2sum(cs) = MTElgyy(cs)
From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
terms which contribute to CAL3 are MTE1l and MTE2. For this

calculation

CAL3gyy = [ (MTElggyies))® + (MTE2guycqy)?]1%° % CS

CAL3gpy = +[0.01803% + 0.01803%]°5 % CS
CAL3gy = #0.025498% CS
11.3.1.4 Setting Tolerance (ST3)

The setting tolerance for the flow summer is the combination
of the input and output setting tolerances. From References
3.5.s8 and 3.5.t the setting tolerance for the flow summer’s
input (STgmumy) 1s 0.01 Vdc. The setting tolerance for the
flow summer’s output (STgueur) 1S given as 0.01 Vdc.

Since both input and output have the same span, both of
these setting tolerance terms will now be converted to % CS
by dividing by the flow summer output span (CSsm(oury) and
multiplying by 100.

o

STsommw (cs) = * (STsomimw) / CSsmm(oury) *100 % CS
STsum(m sy = +(0.01/10)*100 % CS
STsum(m) (cs) = +0.1% CS

STsmour) (cs) = * (STsomiour)/ CSsumoury) ¥*100 % CS

STsmour) (csy = +(0.01/10)*100 % CS
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11.3.1.5

STsumour) (csy = +0.1% CS

The total setting tolerance for the flow summer is the
combination of these two terms by SRSS. Also, from Section
2.1l.a these are considered 3 sigma values and must,
therefore, be divided by 3 to make them compatible with the
other 1 sigma error terms. The total setting tolerance
ST3,, is then

ST3 (1) + [ (STsomim 1cs)/3)? + (STsmmioun (cs)/3)21°° % CS
ST3 4, = +[(0.1/3)% + (0.1/3)2]1%5 % Cs8
ST3 1, = +0.04714% CS

Input Uncertainty (cinput3)

In addition to its own error terms, Module 3 also operates
on the error terms from Module 2. Therefore, the random
error terms 02 and 02, from the square root converter must
be transferred through the flow summer from input to output
factoring in the gain of the summing circuit. The resultant
terms will be ocinput3 and oinput3. for this module.

From References 3.5.s and 3.5.t the gain of the summer (Ggym)
is equal to 1.044386. Since the flow summer is adding the
outputs of two square root converters, and since the output
spans of the square root converters and the flow summer are
the same, the effective gain from each input of the flow
summer to its output is Ggy/2. Therefore, the transfer of
each input error through the summer is

02; = +02%* (Ggy/2) % CS

02, = +2.248294*(1.044386/2) % CS

02, = +1.174043% CS
For the Comparator Trip this is:

0230 = +02:*% (Ggyy/2) % CS

02;c = +0.845297*(1.044386/2) % CS

02;c = +0.441408% CS

For both inputs the resulting errors (cinput3 and cinput3.)
at the output of the summer would be

REVISION NO.




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 70 of 191
oinput3 = +[(02;)? + (02,)%1°° % CS
cinput3 = +[(1.174043)? + (1.174043)2]%5 % Cs
cinput3 = +1.660348% CS

For the Comparator Trip:

oinput3, +[(0250)% + (025:)%1%° % C8

cinput3. = +[(0.441408)% + (0.441408)2%]°%5 % CS

cinput3. = +0.624245% CS

11.3.1.6 Determination of Module Random Error (¢3 and 0¢3.)

o,

Using the methodology of Reference 3.3, and converting to %
Flow by multiplying by 125/100:

03 = +£(125/100)*[(RA3 1,))? + (RD3,)? + (CAL3gy)? +
(ST34,)? + (0oinput3)?]1°5 % Flow

03 = £(125/100)*[(1)? + (0.625)% + (0.025498)2 +
(0.04714)2% + (1.660348)21°%5 % Flow

03 = +2.546521% Flow

For the Comparator Trip:

03¢ = £(125/100) *[(RA3 ;)% + (RD3,)% + (CAL3gy)? +
(ST3(14) % + (oinput3.)?1°° % Flow

03c = +£(125/100)*[(1)% + (0.625)2 + (0.025498)2 +
(0.04714)2% + (0.624245)21°5 % Flow

03¢ +1.669197% Flow

Per Reference 3.3 the Allowable Value calculation usesg all
error terms except those pertaining to the process.
Therefore, since 0¢3. is the same as 03 except for the
removal of the process terms, 03, will also be used for the
Allowable Value calculation.
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11.3.2 Module 3 Non-Random Errors (ze3)

Per Section 8.3.1 the errors applied to this module are the
overall RFM error terms.

11.3.2.1 Humidity Errors (e3H)

Since Reference 3.18 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e3H = 0% CS
11.3.2.2 Temperature Error (e3T)

Since Reference 3.18 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e3T = 0% CS
11.3.2.3 Radiation Error (e3R)

Since Reference 3.18 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e3R = 0% Cs
11.3.2.4 Seismic Error (e38)

Per Section 4.7 seismic error for this module is considered
negligible.

e3S = 0% CS
11.3.2.5 Static Pressure Effect (e3SP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e3SP = 0% CS
11.3.2.6 Pressure Error (e3P)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e3P = 0% CS
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11.3.2.7 Process Errors (e3p)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.

e3p = 0% CS
11.3.2.8 Power Supply Effects (e3V)

Since Reference 3.18 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e3V = 0% CS
11.3.2.9 Non-Random Input Error (einput3)

In addition to its own error terms, Module 3 also operates
on the error terms from Module 2. Therefore, the non-random
error term (fe2) from the square root converter must be
transferred through the flow summer from input to output
factoring in the gain of the summing circuit. The resultant
term will be einput3 for this module.

Using the discussion from Section 11.3.1.5 the input of a
single square root converter is transferred through the flow
summer as follows:

re2, = +3e2* (Ggyw/2) % CS

re2, = +0.97637*(1.044386/2) % CS

ze2; = +0.509854% CS
Since this is a non-random error the sum for both inputs at

the output of the summer (einput3) would be the algebraic
sum of the inputs.

einput3 = +(Ze2,; + Ze2,) % CS
einput3 = +(0.509854 + 0.509854) % CS
einput3 = +1.019708% CS
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11.3.2.10 Non-Random Error (Ie3)

From Reference 3.3 the non-random error is the algebraic sum

of all the above terms. 1In addition, this term can be
converted to % Flow by multiplying by 125/100. The result
is;

Ze3 = +(125/100)*(e3H + e3T + e3R + e3S + e3SP + e3P +
e3p + e3V + einput3)% Flow

te3 = +(125/100)*(0 + 0 + 0 + O + 0O + O + 0 + O +
1.019708)% Flow
el = +1.274635% Flow
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11.3.3 Module 3A and 3B (RFM Trip Circuits)

Clagsification of Module

Module 3A receives an analog input from the Flow Summer
(Module 3) and provides a bistable output, the state of
which depends on the relative magnitudes of the input signal
and the reference value. Therefore, Module 3A is a bistable
module.

There are actually two separate trip circuits in each flow
unit. The Hi Flow trip looks at the output of the Flow
Summer and compares its magnitude to a fixed reference value
(Module 3A above). The Comparator Trip Circuit looks at the
output of the Flow Summer and compares it to the output of a
Flow Summer from another RFM (Module 3B) and provides a
bistable output, the state of which depends on the relative
magnitudes of the two input signals. Therefore, Module 3B
is a bistable module. The Comparator Trip will have to
combine the error terms from two Flow Summers.

11.3.3.1 Module 3A and 3B Random Error (o3A and o¢3B)

This section addresses random uncertainties that have the
potential to be expressed in the outputs of Modules 3A and
3B.

11.3.3.1.1 Reference Accuracy (RA3A)

Per Assumption 5.8 the reference accuracy for this module is
included in the Module 3 accuracy term:

RA3A = 1% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

In the same step this will be converted to % Flow by
multiplying by 125/100.

RA3A,, = +(RA3A/2)*(125/100) % Flow
RA3A;, = +(1/2)*(125/100) % Flow
RA3A,, = #0.625% Flow
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11.3.3.1.2 Drift (RD3A)
Per Assumption 5.8 the reference drift for this module is
included in the Module 3 drift term:
RD3A = 1% CS/700 HRS

Table 4.3.6-1 of Reference 3.7 gives the surveillance

interval (RD3ATSI) for these trip functions as 13 weeks

(quarterly). In addition, a 25% late factor will added to

the required value. Per Reference 3.8 drift is considered a

random function and can be extended to a longer period by
the square root of the ratio of the time periods per Section
2.2.5 of Reference 3.13.

Per Assumption 5.1, the drift value is assumed to be a 2
sigma value. This is then converted to a 1 sigma value by
dividing by 2, and then to % Flow by multiplying by 125/100.
RD3ATSI is converted to hours by multiplying by 168. The
one sigma drift is then:

RD3A(,,) = +(RD3A/2)*(125/100)*[(1.25*RD3ATSI*168) /RD3AT] 5
% Flow
RD3A ., = +(1/2)*(125/100)*[(1.25%13*%168)/700]1°° % Flow
RD3A., = +1.234276% Flow
11.3.3.1.3 Calibration Uncertainty (CAL3A)

The uncertainties associated with calibrating the trip
circuits are composed entirely of the uncertainties
associated with the DMM used to set the input trip voltage.
References 3.5.s and 3.5.t specify that A Fluke 8600A DMM be
used for this measurement. From Section 9.1 the error
associated with this instrument is 0.001803 Vdc (RAMTE1,,).
Since this is a digital instrument REMTE1,, is equal to

Zero.

From Reference 3.3,

MTE1 = [(RAMTEl/n)? + REMTE12]°-°
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.

Therefore, the value of n is 1.

MTEl,, = #[(RAMTEL,,/1)? + REMTE1,,%*]1°° vdc
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Il

MTEls, = +[(0.001803/1)° + 0°1°° vdc
MTEl;, = +0.001803 Vdc

This can be converted to % Flow by dividing by the voltage
span (SPANg,) and multiplying by the full scale flow (125).

MTE13A(pF) = i [ (MTE13A/SPANSW) *125] % FlOW

MTEL:x pr) +[(0.001803/10)*125] % Flow

MTE13A(pF) = "’_‘0.022538% FlOW

From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
term which contributes to CAL3A is the MTEl term.
Therefore, for this section

CAL3A = +MTEls;,pr, = +0.022538% Flow
11.3.3.1.4 Setting Tolerance (ST3A)

From Design Input 10.3, the setting tolerance to be
evaluated for the upscale and comparator trip functions is
+0.1 Vdc and $0.08 Vdc, respectively. This can be converted
to % Flow by dividing by the voltage span (SPAN,) and
multiplying by the full scale flow (125).

From Section 2.1.a the given setting tolerances are
considered 3 sigma values. Therefore, ST3A must be divided |
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent flow gives |

ST3A, = +[(ST3A/SPANgy) *125]1/3 % Flow
Upscale Trip:

STBAA(]_U)
ST3AA(10)

+[(0.1/10)*125]1/3 % Flow
+0.416667% Flow

Comparator Trip:
ST3Az (1 +[(0.08/10)*125]/3 % Flow
ST3Ap, = #0.333333% Flow

11.3.3.1.5 Input Uncertainty (cinput3A, ocinput3B)

In addition to its own error terms, the error terms from
Module 3 must also be considered. Since the trip circuits
perform no function on the input signal cinput3A becomes
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equal to the random input terms o3 for the Hi Flow trip.
However, the Comparator Trip is also looking at the output
of another RFM so both inputs also have a o3. term impressed
Therefore, the uncertainty term cinput3B for the
Comparator Trip will combine two o3, terms by SRSS.

on them.

oinput3A = +03 = +2.546521% Flow

And
oinput3B = +(03.7 + 03.5)%° 3 Flow
cinput3B = +(1.669197° + 1.669197°)%°° & Flow
oginput3B = +2.360601% Flow

A new term (oinput3d,;) will be introduced at this time to
account for errors associated only with the Allowable Value
calculation. Per Reference 3.3 the Allowable Value
determination involves all the error terms except those
pertaining to the process. Therefore, ocinput3d,, will equal
03; since the difference between o3. and 03 is the absence
of the flow element error.

cinput3A,, = 3. = 1.669197% Flow
11.3.3.1.6 Determination of Module Random Error (c3A, o3B)

Using the methodology of Reference 3.3,

O3A = +[(RA3A;1,)° + (RD3A;,)° + (CAL3A)® + (ST3R.,4.)° +
(cinput3A)?1°° ¢ Flow

O3A = +[(0.625)° + (1.234276)% + (0.022538)% +
(0.416667)° + (2.546521)°1%° % Flow

O3A = +2.92796% Flow

And

03B = t[(RA3A(1O))2 + (RD3A(10))2 + (CAL3A)2 + (ST3AB(1O))2 +
(cinput3B)“1%° ¢ Flow

O3B = +£(0.625° + 1.234276° + 0.022538% + 0.333333% 4+
2.360601°)°° % Flow

O3B = +2.756468% Flow
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And
03An = +[(RA3A;,)° + (RD3A.1,)° + (CAL3A)® + (ST3A..,)°
+ (oinput3a,)“1%° % Flow
03R; = +[(0.625)% + (1.234276)% + (0.022538)% +
(0.416667)% + (1.669197)°1°° % Flow
O3A,y = +2.207804% Flow
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11.3.3.2 Module 3A Non-Random Errors (fe3A)
11.3.3.2.1 Humidity Errors (e3AH)

Since Reference 3.18 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e3AH = 0% Flow
11.3.3.2.2 Temperature Error (e3AT)

Since Reference 3.18 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e3AT = 0% Flow
11.3.3.2.3 Radiation Error (e3AR)

Since Reference 3.18 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e3AR = 0% Flow
11.3.3.2.4 Seismic Error (e3AS)

Per Section 4.7 seismic error for this module is considered
negligible.

e3AS = 0% Flow
11.3.3.2.5 Static Pressure Effect (e3ASP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e3ASP = 0% Flow
11.3.3.2.6 Pressure Error (e3AP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e3AP = 0% Flow
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11.3.3.2.7 Process Errors (e3Ap)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.

e3Ap = 0% Flow
11.3.3.2.8 Power Supply Effects (e3AV)

Since Reference 3.18 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e3AV = 0% Flow
11.3.3.2.9 Non-Random Input Error (einput3A, einput3B)

In addition to its own error terms, the error terms from
Module 3 must also be considered. Since the trip circuits
perform no function on the input signal einput3A becomes
equal to the non-random input term Se3 for the Hi Flow trip.
However, the Comparator Trip is also looking at the output
of another RFM so the reference input also has a Se3 term
impressed on it. Since these are not random terms, it is
expected that their magnitudes would be the same from each
Module 3. However, the methodology of Reference 3.3 does
not allow the cancellation of non-random terms. Therefore,
the total error at the comparator will be the algebraic sum
of two fe3 terms.

einput3A = +Ffe3 = +1.274635% Flow

And
einput3B = +(Ze3 + fe3) % Flow
einput3B = +(1.274635 + 1.274635)
einput3B = +2.54927% Flow
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11.3.3.2.10 Non-Random Error (Ze3A, Se3B)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

Le3A = +(e3AH + e3AT + e3AR + e3AS + e3ASP + e3AP +
e3Ap + e3AV + einput3A)% Flow

Ye3A = +4(0 + 0+ 0 +0+0+0+0+ 0 + 1.274635)%
Flow

Yel3A = +1.274635% Flow

And

Ze3B = +(e3AH + e3AT + e3AR + e3AS + e3ASP + e3AP +
e3Ap + e3AV + einput3B)% Flow

ze3B = +(0 + 0+ 0 + 0 + 0+ 0 + 0 + 0 + 2.54927) %
Flow

Ze3B = +2.54927% Flow
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11.4 Module 4 (APRM)

The APRM will be divided into four parts for this calculation;
LPRM, APRM Averaging Circuitry, Trip Circuits (Fixed)
Circuits (Flow Biased).
4C, and 4D respectively. This separation is performed because
the vendor lists the specifications for these items se
References 3.9 and 3.11,
of Reference 3.5 effectively make this separation.

I

and Trip
These will be designated Module 44, 4B,

parately in
and because the calibration procedures

11.4.1 Module 4A (LPRM)
Classification of Module
Module 4A receives a current from an incore fission chamber
and provides an analog voltage output that is proportional
to the input current. Therefore, Module 4A is an analog
module.
11.4.1.1 Module 4A Random Error (c4A)
This section addresses random uncertainties that have the
potential to be expressed in the output of Module 4.
11.4.1.1.12 Reference Accuracy (RA4A)

11.4.1.1.2

Per Section 8.4.1 the reference accuracy for this module is
0.8% CS. However, the reference also states that this is
referred to a full scale value of 125% Power. Therefore,
this value will be considered to be 0.8 x 125 or 1% Power.

RA4A 1% Power
Per Assumption 5.1, this is assumed to be a 2 sigma value.

This is then converted to a 1 sigma value by dividing by 2.

RA4A,, = +RA4A/2 % Power
RA4A ,,, = +1/2 % Power
RA4A,,, = +0.5% Power
Drift (RD4A)

Per Section 8.4.1 the reference drift for this module is
0.8% CS per 700 hours. However, the reference also states
that this is referred to a full scale value of 125% Power.
Therefore, this value will be considered to be 0.8 x 125 or
1% Power.
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RD4A = 1% Power/700 HRS

Table 4.3.1.1-1 of Reference 3.7 states that “The LPRMs
shall be calibrated at least once per 1000 effective full
power hours (EFPH) .” However, Table 4.3.1.1-1 of Reference
3.7 states that the APRM Gain Adjustment Factor (GAF) shall
be calibrated weekly. This effectively calibrates out the
LPRM drift term each week. Since this time period plus the
25% late factor is shorter than vendor specified drift time
period, the vendor drift value will be used as is (Section
2.1.b). Therefore, the value used for the Surveillance
Interval (RD4ATSI) will be 700 hours, thereby making the
drift extension term equal to 1. Also, per Assumption 5.1,
RD4A is assumed to be a 2 sigma value. This will be
converted to a 1 sigma value by dividing by 2.

RD4A ., +(RD4A/2) * (RD4ATSI/RD4AT)"* % Power

RD4A,,, = +(1/2)*(700/700)°° % Power
RD4A,,, = +0.5% Power
11.4.1.1.3 Calibration Uncertainty (CAL4A)

The uncertainties associated with calibrating the LPRM Card
are composed of the uncertainties in setting the input
signal and the uncertainties in reading the output signal.
Per References 3.5.h, and 3.5.q the DMM used should have an
accuracy of at least + 0.01 Vdc. 1If this is considered a
two sigma value per Assumption 5.1, the one sigma
requirement, which makes it compatible with the DMM data
from Reference 3.4, would be 0.01/2 or +0.005 Vdc. Since
both uses of the DMM in measurements applicable to this
calculation are to measure 10 Vdc, the span (RV4ACURS) is
the same for both measurements. Converting this error term
to % CS gives

RAMTEL, 5 omy = + (RA4A,,,/RVAACURS)*100 % CS
RAMTEL oy = +(0.005/10) %100 % CS
RAMTEL,, oy = +0.05% CS

This value will also be used for RAMTE2,, pmyy Since the
output span is also 10 Vdc.

The first use of the DMM is to set the reference voltage for
the built-in input current source. Once the reference
voltage is set the accuracy of the current source is +1.0%
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(Reference 3.9). Since the procedures use the current
source to make the LPRM read full scale, this error term
will be considered +1% CS.

Since the DMM is a digital instrument the reading error
terms at both the input and output (REMTEL,p (twwy » REMTE2,5 o )
are equal to 0% CS.

The input current source is also digital since the current
is set by digital decade switches. Therefore, REMTEL ,, (curs)
is also 0% Cs.

From Reference 3.3,

MTE1 = [(RAMTEl1l/n)? + REMTE12]°5
where n is the number of standard deviations applicable to
the error term. The DMM has been converted to a one sigma
term in the text above; therefore, n is equal to 1 for this
term. The current source, however, is a vendor specified

error term and is, therefore, considered to be a two sigma
term. MTEl for this calculation is, therefore,

MTEl, = +[ (RAMTEl,, pwy/n)? + (RAMTEL,, g /D)2
REMTEL, s pmy° + REMTEL,, cre)2] %° % CS

MTEl,, = +[(0.05/1)% + (1/2)?% + 0% + 0%]°5 % Cg
MTEl,, = +0.502494% CS
The output calibration uses only the DMM and its error terms

have been discussed above. Therefore, the total output MTE
error term is

MTE2,, = +[(RAMTE2,, ) + (REMTE2,, ) ?1%% % CS

MTE2,, = +[(0.05)% + 0%]°5 % Cs

MTE2,, = +0.05% CS

From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
terms which contribute to CAL4A are the MTE1l and MTE?2 terms.
For this calculation

CAL4A = +[(MTE1,,)? + (MTE2,,)%]1°° % CS

il

CAL4A +[0.502494% + 0.052]°5 % 8§
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CAL4A = +0.504975% CS
11.4.1.1.4 Setting Tolerance (ST4A)

The setting tolerance for the LPRM is the combination of the
input and output setting tolerances. However, References
3.5.h and 3.5.q give no setting tolerances for the three
measurements used to calibrate the LPRM gain. From
Assumption 5.4 the setting tolerance will, therefore, be
assumed equal to the reference accuracy of the applicable
test instrument.

For this particular application then the setting tolerances
are:

ST4Ang = +RAMTEL,, pmy = +RAMTE2,, pun = +0.05% CS

o\°

ST4Acms = +RAMTEL,, cms) = +1% CS
The total setting tolerance for the LPRM is the combination
of two input terms (ST4A,, and ST4A.xs) and one output term
(ST4AnLy) by SRSS. From Section 2.1.a the given setting
tolerances are considered 3 sigma values. However, ST4A,,
is already the result of dividing the original procedural
value by 2. Therefore, it must now be multiplied by 2/3 to
make it a one sigma value for setting tolerance. ST4A Rs 18
still as it was given by the vendor and, therefore, must be
divided by 3 to make it compatible with the other 1 sigma
error terms. The total setting tolerance ST4A,,, is then
ST4A ,,, +{ [ (ST4Apm) * (2/3)1% + (ST4Aqps/3)?% +
[ (ST4A,,) *(2/3)12}°° % CS

ST4A

1l

+{[(0.05)*(2/3)12 + (1/3)2 +
[(0.05)*(2/3)12%}°° % Cs

ST4A ., = +0.33665% CS
11.4.1.1.5 Input Uncertainty (cinput4A)

In addition to its own error terms, Module 4A also operates
on the error terms from an incore fission detector. From
Section 4.5 of Reference 3.13 the primary element accuracy
(PEA) for the incore fission detector is a combination of
sensor sensitivity and sensor non-linearity uncertainties.
The sensitivity of the detectors decreases with neutron
fluence. The average sensitivity loss, and its two sigma
variation, for all GE LPRM detectors has been determined to
be:
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Sensor Sensitivity Loss (SSL;) = 0.33% (bias term)
(100% Power)

Sensor Sensitivity Loss (SSLy)
(100% Power)

+0.20% (random term)

The detector non-linearity and its two sigma variation (in
the power range) have been determined to be:

Sensor Non-linearity (SNLy) = 0.49% (bias term)
(100% Power)

Sensor Non-linearity (SNLg)
(0 to 120% Power)

+1% (random term)

The total sensor uncertainty can be obtained by adding the
bias terms (PEA,,; ) and combining the random terms by SRSS
(PEA,pr)) - The result is:

PEA,, sy = SSLy + SNL, % Power

PEA,, = 0.33 + 0.49 % Power

PEA, s = 0.82 % Power

From Section 4.11, for the three low power trips, SNL; will
be set to zero leaving only SSL; as the bias term for PEA.

PEA,,os) = SSLy = 0.33% Power
Combining the random terms gives:

PEAnr) = +[(8SSI;)? + (SNL,)?%]°5 % Power
4A (R) R R

PEA, 5 (r) +[(0.2)% + (1)%1°° % Power

PEA,,x = +1.019804% Power

For the low power trips the random terms of PEA are the same
as for the high power trips. Therefore,

PEA,,1pr) = PEA,um = 1.019804% Power

For this calculation the random uncertainty terms (PEA,,q,
and PEA,, ) are equal to oinput4A and oinput4a,,
respectively. The bias uncertainty terms (PEA,, 5 and
PEA4,,1p) are equal to einput4A and einput4A,, respectively.
The bias terms will be covered in Section 11.4.1.2.9.
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oinputd4A = +PEA,,; = +1.019804% Power

oinput4A;, = +PEA,, 1z = +1.019804% Power

Per Reference 3.3 the process errors are not included in the
determination of Allowable Value. Therefore,

cinput4d,, = 0% Power
11.4.1.1.6 Determination of Module Random Error (¢4A and 04A, ;)
Using the methodology of Reference 3.3,

o4A = +[(RA4A;,)? + (RD4A,)? + (CAL4A)? + (ST4A,,,)? +
(cinput4a)?]1°® % Cs

However, since RA4A, RD4A, and ocinput4A are in terms of
percent power while the other terms are percent calibrated
span, these terms will be removed from the equation and
carried through to the APRM Averaging Circuitry separately.
Therefore, for this section the equation for o¢4A is:

04A = +[(CAL4A)? + (ST4A.,)?%]1%° % CS

04A +[(0.504975)2 + (0.33665)%]1°° % CS

04A +0.606904% CS

04App, = +[(RA4A,,))? + (RD4A,)2%1°°% Power
U4App = i[(o-s)z + (0.5)2]0‘5 % Power

04A,, = +0.707107% Power
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11.4.1.2 Module 4A Non-Random Errors (Ze4A)
11.4.1.2.1 Humidity Errors (e4AH)

Since Reference 3.9 does not identify a humidity error term
a value of zero will be used per Section 4.3.

11.4.1.2.2 Temperature Error (e4AT)

Since Reference 3.9 does not identify a temperature error
term a value of zero will be used per Section 4.3.

edAT = 0% CS
11.4.1.2.3 Radiation Error (e4AR)

Since Reference 3.9 does not identify a radiation error term
a value of zero will be used per Section 4.3.

e4dAR = 0% CS
11.4.1.2.4 Seismic Error (e4AS)

Per Section 4.7 seismic error for this module is considered
negligible.

e4AS = 0% CS
11.4.1.2.5 Static Pressure Effect (e4ASP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e4ASP = 0% CS
11.4.1.2.6 Pressure Error (e4AP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

edAP = 0% CS
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11.4.1.2.7 Process Errors (e4Ap)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.

e4Ap = 0% CS
11.4.1.2.8 Power Supply Effects (e4AvV)

Since Reference 3.9 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e4AV = 0% CS
11.4.1.2.9 Non-Random Input Error (einput4Aa)

In addition to its own error terms, Module 4A also operates
on the error terms from an incore fission detector. This
was discussed in Section 11.4.1.1.5. The value of einput4A
was determined to be:

einput4A = (PEA,, ) = 0.82% Power

einput4lA,;, = PEA,, 1w = 0.33% Power

Per Reference 3.3 the process errors are not included in the
determination of Allowable Value. Therefore,

einput4d,, = 0% Power
11.4.1.2.10 Non-Random Error (fe4A)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

ZedA = +(e4AH + ed4AT + e4AR + e4AS + €4ASP + e4AP +
e4Ap + e4AV + einput4A)% CS

However, since einput4a, einput4a,,, and einput4d;, are in
terms of percent power while the other terms are percent
calibrated span, these terms will be removed from the
equation and carried through to the APRM Averaging Circuitry
separately. Therefore, for this section the equation for
ZedA is:
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Ye4A = +(ed4AH + e4AT + e4AR + e4AS + e4ASP + e4AP +
e4Ap + e4AV)% CS
ZedA = +(0 + 0 + 0 + 0 +0 +0 + 0 + 0)% CS
2ed4dA = +0% CS
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11.4.2

11.4.2.1

11.4.2.1.1

11.4.2.1.2

Module 4B (APRM Averaging Circuitry)

Classification of Module

Module 4B receives analog inputs from multiple LPRM cards.
These signals are averaged and then operated on by an
adjustable gain factor resulting in an analog output that is
some multiple of the average of the input signals.
Therefore, Module 4B is an analog module.

Module 4B Random Error (o04B)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 4B.

Reference Accuracy (RA4B)
Per Section 8.4.1 the reference accuracy for this module is:
RA4B = 0.8% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

\0

RA4B,,,, = +RA4B/2 % CS
RA4B,, = +0.8/2 % CS
RA4B,,, = +0.4% CS
Drift (RD4B)
Per Section 8.4.1 the reference drift for this module is:
RD4B = 0.5% CS/700 Hrs
Table 4.3.1.1-1 of Reference 3.7 states that the APRM Gain
Adjustment Factor (GAF) shall be calibrated weekly. Since
this time period is shorter than vendor specified drift time
period, the vendor drift value will be used as is. Also,
per Assumption 5.1, RD4R is assumed to be a 2 sigma value.
This will be converted to a 1 sigma value by dividing by 2.

RD4B,,, = +(RD4B/2) % CS

\O

RD4B,, = +(0.5/2) % CS

RD4B,, = +0.25% CS
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11.4.2.1.3 Calibration Uncertainty (CAL4B)

The uncertainties associated with calibrating the APRM gain
are composed entirely of the uncertainties associated with
the process computer. The process computer determines the
core thermal power by heat balance. This can be considered
the input to the calibration. The process computer also
reads the APRM output and compares the two. The result of
the comparison is the APRM Gain Adjustment Factor term
(AGAF) . Therefore, for this calculation RAMTEl,; is the
accuracy with which the process computer determines core
thermal power, and RAMTE2,, is the accuracy with which the
process computer reads the APRM output signal. Per
Assumption 5.5, both of these terms are considered zero. In
addition, since the output of the process computer is a
digital printout, REMTEl,; and REMTE2,, are zero.

From Reference 3.3,

MTE1l = [(RAMTE1l/n)? + REMTE12]°°5
where n is the number of standard deviations applicable to
the error term. If the reference accuracy terms for the
process computer are considered two sigma values, MTEl1 for
this calculation is:

MTEl,; = +[(RAMTE1l,;/2)2? + REMTE1,.%]%% % CS

MTEl,; = +[(0/2)% + 0%]°5 % Cg

MTEl,, = +0% CS
Likewise, MTE2,, is:

MTE2,; = +[(RAMTE2,,/2)? + (REMTE2,,)%]%® % CS

MTE2,, +[(0/2)% + 0%1°° % Cs

MTE2,, = +0% CS

From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
terms which contribute to CAL4B are the MTE1l and MTE2 terms.
For this calculation

CAL4B

+[(MTEl,)? + (MTE2,,)2%]1°5 % CsS

CAL4B +[0% + 0%1°° & (s
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CAL4B = +0% Cs
11.4.2.1.4 Setting Tolerance (ST4B)

The setting tolerance for the APRM gain calibration is the
allowance in the AGAF setting. From References 3.5.g and
3.5.p this allowance (ST4B) is +0.02 from the ideal value of
1.00. Since the AGAF calibration is usually performed when
the reactor is operating near 100% power this translates
into an setting tolerance (ST4B,)of +2% Power. Since full
scale output of the APRM is 125% this term can be converted
to percent calibrated span by multiplying by 100/125.

From Section 2.1.a the given setting tolerances are
considered 3 sigma values. Therefore, ST4B, must be divided
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent calibrated span gives

ST4B, = +ST4B,*(100/125)/3 % CS
ST4B, = +2*(100/125)/3 % CS
ST4B, = +0.533333% CS

Process Measurement Accuracy (PMA)

Section 4.5 of Reference 3.13 contains an error term called
PMA which is applicable to the APRMs. PMA is a combination
of APRM tracking error and the uncertainty due to neutron
noise. This reference states that for the MSIV closure
transient event, which is one of the more severe events, the
APRM tracking error (TRAC) is 1.11% and the uncertainty due
Lo neutron noise (NN) is typically 2.0% for fixed upscale
trips. However, for trips primarily involved with slow
transients (flow biased trips including STP, APRM Downscale,
APRM Setdown Rod Block, and APRM Setdown Scram ) the neutron
noise will help the signal actuate the trip. Therefore, a
value of zero will be used for neutron noise for these
trips. The tracking error is the uncertainty of the maximum
deviation of APRM readings with LPRM failures or bypasses
during a power transient. For the low power trips the
tracking accuracy is negligible. The neutron noise is the
global neutron flux noise in the reactor core with a typical
dominant frequency of approximately 0.3 to 0.5 Hertz and a
typical maximum peak-to-peak amplitude of approximately 5 to
10 percent. Since both error terms are independent and
random they can be combined by SRSS.
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PMA = +(TRAC? + NN?)°° % Power
PMA = +(1.11% + 22)°%% & power
PMA = +2.287378% Power

For the low power trips:

These are considered to be a 2 sigma values and must be
divided by 2 in order to make them compatible with the other
error terms.

Per Reference 3.3 the process errors are not included in the
determination of Allowable Value.

11.4.2.1.6

In addition to its own error terms,
on the error terms from Module 4A.
error terms o¢4A,

from

Circuitry.
oinputdB,,, and oinput4B,, for this module.

PMA,; = 1.11% Power

PMA,;, = 0% Power

PMA,, = +PMA/2 % Power

PMA,, = +2.287378/2 % Power

PMA,, = +1.143689% Power

PMAFB(I_U) = iPMAFB/2 % Power

PMAps 1,y = +1.11/2 % Power

PMA.g (14 +0.555% Power

Therefore,

PMA,, 0% Power

Input Uncertainty (oinput4B)

Module 4B also operates
Therefore, the random
04App, Oinput4A, oinput4d,,, and ginput4A,,
the LPRMs must be transferred through the Averaging
The resultant terms will be oinput4B,
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Since ¢4A is in

o
)

cinput4A,, are in

Circuitry.

If N LPRMs are being averaged the gain associated with each
LPRM through the averaging circuit is 1/N. This applies to
04App, oinput4A, ocinput4d,,, and ocinput4h;,. Following
the averaging function there is a gain function (G, that
is used for the AGAF adjustment. Since 04A,,, cinput4A,

04A,

ocinput4A,,, and cinput4A;,, are in % power and the output is
also in % power the gain function has no effect. However,
04A is in % CS and the gain function has the effect of
changing the calibrated span. Therefore, 0¢4A must be
multiplied by Gungu. Based on this discussion then ¢4A is
propagated through the Averaging Circuitry by the factor
Gapew/N while oinput4A is only operated on by 1/N. If the
random error terms from N LPRMs are combined by SRSS the

)

[+

result is:

and

From Table 3.3.1-1 of Reference 3.7 the minimum number of
LPRMs which must be in the average in order for an APRM to
be considered operable is 14. Using this value in the above

oinput4B.g

oinput4B,,

cinput4B,,

equations gives:

% power the terms must be treated
differently when being transferred through the Averaging

CS and 04A;,, oinput4A, ocinput4d,,, and

Q

+ {N[04A* (Cupe/N) 12}%5 = 4 (04A*Gpppy) /N°° % CS

+[N(ocinput4A/N)? + N(04A,,/N)?]%5 % Power

+ [ (oinput4n)? + (04A,,)2]%°%/N°° % Power

oinput4B.s = + (04A*Gyupy) /N°° % CS
oinput4B. = +(0.606904%2.5)/14°5 % CS
ginput4B.,; = +0.405505% CS
And
oinputdB,, = +[(cinput4A)? + (04A,,)2]°°/N°° % Power
cinput4By, = +[(1.019804)% + (0.707107)%1/14°% % Power
cinput4B;, = +0.331663 % Power
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And
0inputdBy, e = [ (ocinputdA;;)? + (04A,,)%1%5/N°° % Power
oinput4Byy e = +[(1.019804)2 + (0.707107)2]1°5/14°5 ¢
Powexr
oinput4By, ) = +0.331663 % Power
And
oinput4dB,, = +[(cinputdd,,)? + (04A,.)21°5/N°5 % Power
oinput4B,, = +[(0)? + (0.707107)2%]°5/14°5 % Power
oinput4B,, = +0.188982% Power
11.4.2.1.7 Determination of Module Random Error (c4RB)

Using the methodology of Reference 3.3,

04B = +[(RA4B,)? + (RD4B,)? + (CAL4B)? + (ST4B,)? +
(PMA,,)* + (oinput4B)?]°5 % CS
However, since oinput4B,,, oinputé4B., ., PMA,,, PMAsg (1),

PMA;;, and PMA,, are in terms of percent power while the
other terms are percent calibrated span, these terms will be
removed from the equation until the combination of the first
four terms, plus ocinput4B., has been performed and the
result converted to percent power by multiplying by 125/100.
Then this result will be combined with cinput4B,,,
0input4Byy e, and PMA,, using SRSS. Therefore, for this
section the equation for ¢4BI is:

04BI = +[(RA4B,)? + (RD4B,,)? + (CAL4B)? + (ST4B,,,,)?>
+ (oinput4B.)?]1°° % CS

04BI = +[(0.4)% + (0.25)% + (0)? + (0.533333)2 +
(0.405505)2]°° % CS

04BI = +0.819377% CS

Converting this to percent power gives:
04BI;; = $04BI*(125/100) % Power
04BIy; = +£0.819377*(125/100) % Power

04BI,; = £1.024221% Power
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4B +1.570686% Power

04Bpy = +[(04BI,)? + (0input4dB,,)? + (PMAg,,,)21°°
04Bpy = +[(1.024221)2 + (0.331663)2 + (0.555)2]°5

04Bpy = +1.21122% Power

04Byp = +[(04BI;)? + (oinput4dB,, ;)% + (PMA,,)?2]°5

04Bp, = +[(1.024221)2 + (0.331663)2 + (0)2]°° % Power

04B;p, = +1.076582% Power

04Byy = +[(04BI;)? + (oinput4B,,)? + (PMA,,)2]°%° %

04B,y = +[(1.024221)% + (0.188982)2 + (0)2]°5 % Power

04B,y = +£1.041510% Power
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Now this can be combined with ocinput4B and + PMA,, using
SRSS to obtain 04B. 04B, will be created for use with the
flow biased trips, 04B,, will be created for use with the
Allowable Value calculation, and 04B;; will be created for
use with the low power trips.
04B = +[(04BI;)? + (oinput4B,,)? + (PMA,,)2]%° % Power
04B = £[(1.024221)% + (0.331663)2 + (1.143689)2%]°5 % Power

0,

% Power

=3

% Power

=}

% Power

Power
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11.4.2.2 Module 4B Non-Random Errors (Ze4B)
11.4.2.2.1 Humidity Errors (e4BH)

Since Reference 3.11 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e4BH = 0% CS
11.4.2.2.2 Temperature Error (e4BT)

Since Reference 3.11 does not identify a temperature error
term a value of zero will be used per Section 4.3.

edBT = 0% CS
11.4.2.2.3 Radiation Error (e4BR)

Since Reference 3.11 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e4BR = 0% CS
11.4.2.2.4 Seismic Error (e4BS)

Per Section 4.7 seismic error for this module is considered
negligible.

e4BS = 0% CS
11.4.2.2.5 Static Pressure Effect (e4BSP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e4BSP = 0% CS
11.4.2.2.6 Pressure Error (e4BP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e4BP = 0% CS
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11.4.2.2.7 Process Errors (e4Bp)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors other than that previously discussed in
Section 11.4.2.1.5.

e4Bp = 0% CS
11.4.2.2.8 Power Supply Effects (e4BV)

Since Reference 3.11 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e4BV = 0% CS
11.4.2.2.9 Non-Random Input Error (einput4B)

In addition to its own error terms, Module 4B also operates
on the error terms from the LPRMs. The non-random error
from the LPRMs was kept in two terms since one is in % CS
(Ze4A) and the other in % Power (einput4ad). As was done for

0

the random terms the % CS term must be operated on by the

APRM gain (Gppy) whereas the % Power term is not affected by
the gain. For N LPRMs being averaged the result is:

einputdBes = Gupey*N* (1/N) * (Z€4A) = Gpy*ZedA % CS
einput4B. = 2.5*%0 % CS
einput4B., = 0% CS

And
einputdB,, = N* (1/N)* (einput4A) = einput4A % Power
einput4B;, = 0.82% Power

And
einput4Bg, ) = N* (1/N) * (einput4l,,) = einput4d;, % Power
einput4Bypp = 0.33% Power

And
einput4dB,, = N*(1/N)* (einput4l,,) = einput4d,, % Power

einput4B,, = 0% Power
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These four terms will be carried forward to the next section

0,

where they will be combined after the % CS terms are

o,

converted to % Power.
11.4.2.2.10 Non-Random Error (Ze4B)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

Zed4Bes = +(e4BH + e4BT + e4BR + e4BS + e4BSP + e4BP +
e4Bp + e4BV + einput4B.)% CS
Zed4Bes = (0 + 0+ 0 + 0 + 0 + 0 +0 + 0 + 0)% CS

o\®

Te4B = +0% CS

This will now be converted to % Power and added to
einput4B,, to obtain the total Se4B.

Ze4B = 1+ZedB*(125/100) + einput4B,, $ Power
ZedB = +0*(125/100) + 0.82 % Power
Ze4B = +0.82% Power

And
Ze4Bp, = +XedBy* (125/100) + einput4dB., ., % Power
zedB,, = +0*(125/100) + 0.33 % Power
Zed4B;,, = 10.33% Power

And

Zed4B,, = tYe4By*(125/100) + einput4B,, % Power

£e4B,, +0*(125/100) + 0 % Power

Ze4dB,, = +0% Power
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11.4.3 Module 4C (Trip Circuits - Fixed)

Clagsification of Module

Module 4C receives an analog input from the Averaging
Circuitry and provides a bistable output, the state of which
depends on the relative magnitudes of the input signal and
the reference value. Therefore, Module 4C is a bistable
module.

11.4.3.1 Module 4C Random Error (c4C)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 4cC.

11.4.3.1.1 Reference Accuracy (RA4C)
Per Section 8.4.1 the reference accuracy for this module is:
RA4C = 1% CS
Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
In the same step this will be converted to % Power by
multiplying by 125/100.
RA4C,, = +(RA4C/2)*(125/100) % Power
RA4C,, = +(1/2)*(125/100) % Power
RA4C,,, = +0.625% Power
11.4.3.1.2 Drift (RD4C)
Per Section 8.4.1 the reference drift for this module is:

RD4C = 1% CS/700 HRS

Tables 4.3.1.1-1 and 4.3.6-1 of Reference 3.7 give the
surveillance interval (RD4CTSI) for all trip functions as 26
weeks (semi-annually). In addition, a 25% late factor will
added to the required value. Per Reference 3.8 drift is
considered a random function and can be extended to a longer
period by the square root of the ratio of the time periods
per Section 2.2.5 of Reference 3.13.

Per Assumption 5.1, the drift value is assumed to be a 2
sigma value. This is then converted to a 1 sigma value by
dividing by 2, and then to % Power by multiplying by
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125/100. RD4CTSI is converted to hours by multiplying by
168. The one sigma drift is then:
RD4C(M) = i—(RD4C/2)*(125/1OO)*[(1.25*RD4CTSI*168)/RD4CT]°'5
% Power
RD4C, = +(1/2)*(125/100)*[(1.25%26%168)/700]°° % Power
RD4C(, = +1.74553% Power
11.4.3.1.3 Calibration Uncertainty (CAL4C)

The uncertainties associated with calibrating the trip
circuits are composed entirely of the uncertainties
associated with the DMM used to set the input trip voltage.
Per the applicable procedures of Reference 3.5 a Fluke Model
8500A is specified for this function. From Section 9.1 the
error associated with this instrument is 0.00018 Vdc
(RAMTEl,.) . Since this is a digital instrument REMTEl,. is
equal to zero.

From Reference 3.3,

MTEl = [(RAMTEl/n)? + REMTE1%]°5
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.
Therefore, the value of n is 1.

MTEl,. = +[(RAMTE1,./1)? + REMTE1,.:]°% Vdc

MTEl,. = +[(0.00018/1)% + 0%]°5 vdc

MTEl,. = +0.00018 Vvdc
This can be converted to % Power by dividing by the voltage
span (SPAN4CIN) and multiplying by the full scale power
(125).

MTEl,cppy = #[(MTE1,./SPAN4CIN) *125] % Power

MTEl,cppy = +[(0.00018/10)*125] % Power

MTEl,.ppy = +0.00225% Power
From Section 5.2 the errors attributed to the calibration

standards are considered negligible. Therefore, the only
term which contributes to CAL4C is the MTEl term.
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Therefore, for this section
CALAC = #MTEl, ., = +0.00225% Power
11.4.3.1.4 Setting Tolerance (8T4C)

The setting tolerance listed in the applicable procedures of
Reference 3.5 for this function is 0.04 Vdc. This can be
converted to % Power by dividing by the voltage span
(SPAN4CIN) and multiplying by the full scale power (125).

From Section 2.l1.a the given setting tolerances are
considered 3 sigma values. Therefore, ST4C must be divided
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent power gives

ST4C,,, = =+[(ST4C/SPAN4CIN)*125]/3 % Power
ST4C,, = +[(0.04/10)*125]/3 % Power
ST4C ;) = +0.166667% Power

11.4.3.1.5 Input Uncertainty (cinput4C and oinput4C.,)

In addition to its own error terms, the error terms from
Module 4B must also be considered. Since the trip circuits
perform no function on the input signal cinput4C and
cinput4C,, become equal to the random input terms 04B and
04B,, respectively.

oinput4C = +04B = +1.570686% Power

And
cinput4C,, = +04B,, = +1.076582% Power
And
oinput4C,, = +04B,, = +1.04151% Power
11.4.3.1.6 Determination of Module Random Error (04C, 04C,,, and

04C.p)
Using the methodology of Reference 3.3,

04C = +[(RA4C,, )% + (RD4C., )% + (CAL4C)? + (ST4C1,) % +
(cinput4cC)?]°® % Power
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04C = +[(0.625)% + (1.74553)2? + (0.00225)% + (0.166667)2
+ (1.570686)%]1°°% & Power
04C = +2.435639% Power
And
04Crp, = +[(RA4C,,)? + (RD4C,)? + (CAL4C)? + (ST4C 1,) 2
+ (oinput4C,;)?1°° % Power
04C, = +[(0.625)% + (1.74553)2? + (0.00225)2 +
(0.166667)2 + (1.076582)2]°%5 % Power
04Cp = +2.150421% Power
And
04Chy = +[(RA4C,)? + (RD4C,)? + (CAL4C)? + (ST4Cy,)) 2
+ (oinput4C,,)?]1°° % Power
04C,, =

+[(0.625)? + (1.74553)2 + (0.00225)2 +
(0.166667)2 + (1.04151)2])°°% % Power

04C,y = £2.133079% Power
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11.

11.

11.

11.

11.

11.

4

.3

11.4.3.2

.2

.1

.2

.3

.5

.6

Module 4C Non-Random Errors (Ze4C, ze4C,,,and ZedC;)

Humidity Errors (e4CH)

Since Reference 3.11 does not identify a humidity error term

a value of zero will be used per Section 4.3.

e4CH = 0% CS

Temperature Error (e4CT)

Since Reference 3.11 does not identify a temperature error

term a value of zero will be used per Section 4.3.

ed4CT = 0% CS

Radiation Error (e4CR)

Since Reference 3.11 doesg not identify a radiation error

term a value of zero will be used per Section 4.3.

e4CR = 0% CS

Seismic Error (e4Cs)

Per Section 4.7 seismic error for this module is considered

negligible.
e4CS = 0% CS

Static Pressure Effect (e4CSP)

This module is an all electronic device that is not

to any pressure other than atmospheric.
no static pressure effect.

e4CSP = 0% CS

Pressure Error (e4CP)

This module is an all electronic device that is not

to any pressure other than atmospheric.
no pressure effect.

e4CP = 0% CS

Therefore,

Therefore,

exposed
there is

exposed
there is
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11.4.3.2.7 Process Errors (e4Cp)
This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.
e4Cp = 0% CS
11.4.3.2.8 Power Supply Effects (e4CV)

Since Reference 3.11 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e4CVvV = 0% CS
11.4.3.2.9 Non-Random Input Error (einput4C and einput4C;,)
In addition to its own error terms, the error terms from
Module 4B must also be considered. Since the trip circuits
perform no function on the input signal, einput4C and
einput4C,, become equal to the non-random input terms Ze4B
and Ze4B;, respectively.

einput4C = +Fe4B = +0.82% Power

And
einput4Cy, = +Xe4B, = +0.33% % Power
And
einput4C,, = +%e4B,, = +0% Power
11.4.3.2.10 Non-Random Error (fe4(C)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms. The % CS terms will also be

[

converted to % Power by multiplying by 125/100.

sed4C = +(125/100) * (e4CH + e4CT + €4CR + e4CS + e4(CSP
+ €4CP + e4Cp + e4CV) + einput4C% Power

Yed4C = +(125/100)*(0 + 0 + 0 + 0 + O + O+ 0 + 0) +
0.82 % Power

e4C = +0.82% Power
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And
Ze4Cypp, = +(125/100) * (e4CH + e4CT + e4CR + e4CS + e4CSP
+ e4CP + e4Cp + e4CV) + einputdC,, % Power
Zed4Cp, = +(125/100)*(0 + 0 + 0 + 0O + O + O + O + 0) +
0.33 % Power
Ze4C, = +0.33% Power
And
$edCy = +(125/100)* (e4CH + e4CT + e4CR + e4CS + e4CSP
+ e4CP + e4Cp + e4CV) + einput4C,, ¥ Power
ZedCy = £(125/100)*%(0 + O + O + O + O + O + O + 0) + O
% Power
Ze4C,y, = +0% Power
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11.4.4 Module 4D (Trip Circuit - Flow Biased)

Clasgification of Module

Module 4D receives an analog input from the Averaging
Circuitry and the Flow Summer (Module 3), and provides a
bistable output, the state of which depends on the relative
magnitudes of the input signal from the Averaging Circuitry
and the reference value, which is a function of the Flow
Summer signal. Therefore, Module 4D is a bistable module.

11.4.4.1 Module 4D Random Error (¢4D)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 4D.

11.4.4.1.1 Reference Accuracy (RA4D)
Per Section 8.4.1 the reference accuracy for this module is:
RA4D = 1% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
In the same step this will be converted to % Power by
multiplying by 125/100.

RA4D +(RA4D/2) * (125/100) % Power

RA4D +(1/2)*(125/100) % Power

RA4D, = +0.625% Power
11.4.4.1.2 Drift (RD4D)
Per Section 8.4.1 the reference drift for this module is:
RD4D = 1% CS/700 HRS

Table 4.3.1.1-1 and 4.3.6-1 of Reference 3.7 give the
surveillance interval (RD4DTSI) for all trip functions as 26
weeks (semi-annually). 1In addition, a 25% late factor will
added to the required value. Per Reference 3.8 drift is
considered a random function and can be extended to a longer
period by the square root of the ratio of the time periods
per Section 2.2.5 of Reference 3.13.

Per Assumption 5.1, the drift value is assumed to be a 2
sigma value. This is then converted to a 1 sigma value by
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dividing by 2, and then to % Power by multiplying by
125/100. RD4DTSI is converted to hours by multiplying by
168. The one sigma drift is then:

RD4D(M4 = i(RD4D/2)*(125/1OO)*[(1.25*RD4DTSI*168)/RD4DT]°'5
% Power
RD4D(M) = 1(1/2)*(125/100)*[(1.25*26*168)/700]0'5 % Power
RD4D,,) = +£1.74553% Power
11.4.4.1.3 Calibration Uncertainty (CAL4D)

The uncertainties associated with calibrating the trip
circuits are composed entirely of the uncertainties
associated with the DMM used to set the input trip voltage.
Per the applicable procedures of Reference 3.5 a Fluke Model
8500A is specified for this function. From Section 9.1 the
error associated with this instrument is 0.00018 Vdc
(RAMTE1,;) . Since this is a digital instrument REMTEl,, is
equal to zero.

From Reference 3.3,

MTEl1 = [(RAMTEl/n)? + REMTE1%]°S
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.
Therefore, the value of n is 1.

MTEl,;, = +[(RAMTE1,,/1)? + REMTE1,,%]°® Vdc

MTEl,, = +[(0.00018/1)% + 0%]1°° Vvdc

MTEl,, = +0.00018 Vdc
This can be converted to % Power by dividing by the voltage
span (SPAN4CIN - Both Fixed and Flow Biased trips have the
same input span) and multiplying by the full scale power
(125) .

MTEl,pppy = +[(MTE1l,,/SPAN4CIN)*125] % Power

MTEl,pppy = +[(0.00018/10)*125] % Power

MTEl,,ppy = +0.00225% Power

From Section 5.2 the errors attributed to the calibration

REVISION NO. 0




Exhibit E

11.4.4.1.4 Setting Tolerance (ST4D)

ST4D(, = +[(ST4D/SPAN4CIN)*125]/3 % Power
ST4D,y = +[(0.04/10)*125]/3 & = +0.166667% Power
11.4.4.1.5 Input Uncertainty (ocinput4D)

11.4.4.1.5.1 Two Loop Operation (TLO) - From Design Input 4.14, the
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standards are considered negligible. Therefore, the only

term which contributes to CAL4D is the MTEl term.
Therefore, for this section

CAL4D = +MTEl,; s = +0.00225% Power

The setting tolerance listed in the applicable procedures
for this function is 0.04 Vdc. This can be converted to %
Power by dividing by the voltage span (SPAN4CIN) and
multiplying by the full scale power (125). From Section
2.1.a the given setting tolerances are considered 3 sigma
values. Therefore, ST4D must be divided by 3 to make it
compatible with the other 1 sigma error terms. Combining
this operation with the conversion to percent power gives

The Module 4D input error (cinput4D) is the SRSS combination
of random input terms from Module 4B (04B;;) and Module 3
(03). However, 03 must be converted from % Flow to % Power
using the flow biased trip slope adjustment from Section 2.2

which accounts for setting uncertainties.
TLO flow biased slope (FCSg) is 0.62 which is adjusted as

FCS = FCSg + [(0.04+0.04)/0.08]1/80
0.62 + [(0.04+0.04)/0.08]/80 = 0.6325

fl

The module 4D input uncertainty for TLO is determined as

ginput4D = +[04B.° + (FCS * ¢3)2]95
cinput4D = +[1.21122% + (0.6325 * 2.546521)2]°°
cinput4D = +2.015273% Power

And the module 4D AV uncertainty for TLO is determined as

cinput4D,, =

+[04B,,> + (FCS * 03.)2]°°
oinput4D,, = +][

(1.041510)? + (0.6325 * 1.669197)2]°5

oinput4D,, = +1.483033% Power
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11.4.4.1.5.2 Single Loop Operation (SLO) - From Design Input 4.14, the

SLO flow biased slope (FCSgg,) 1is 0.55 which is adjusted as

FCSgo = FCSgpeo + [(0.04+40.04)/0.08]/80
= 0.55 + [(0.04+0.04)/0.081/80 = 0.5625

The module 4D input uncertainty for SLO is determined as

oinput4Dg, = +[04Bg* + (FCSg, * 03)2]°°
oinput4Dg, = +{1.21122°+[(0.5625)*(2.546521)]2}°°

oinput4Dg, = +1.875867% Power
And the module 4D AV uncertainty for SLO is determined as

04B,,° + (FCSgq, * 03.)%]°%°

oinput4D,,qo = +1[
[(1.041510)% +(0.5625 * 1.669197)2]°5

*
oinput4D,yeo +

It

oinput4D,yq, = +1.402255% Power
11.4.4.1.6 Determination of Module Random Error
11.4.4.1.6.1 Two Loop Operation - Total module 4D random error is

04D = +[RA4D,,* +RD4D,,> +CAL4D? +ST4D,,> +0input4D?]°5
04D = +[0.625% +1.74553° +0.00225% +0.166667% +2.0152732]0:5

04D +2.743466% Power

And the module 4D AV random error is

04D,, = +[RA4D,,* +RD4D,,> +CAL4D? +ST4D,,? +0input4D,,2]°s
04D,, = +[0.625% +1.74553% +0.00225% +0.166667% +1.4830332]°5
04D,, = +£2.380057% Power

11.4.4.1.6.2 Single Loop Operation - Total module 4D random error is

04Dg, = +[RA4D,,,*+RD4D ,,,*+CAL4D?+ST4D ,,,2+0input4Dg 2] °°
04Dg, = +[0.625% +1.74553%40.00225%+0.166667°+1.8758672]°:5

I

04Dg; 4 +2.642756% Power
And the module 4D AV random error is

04Dayero = + [RA4D (1, *+RD4D,,,*+CAL4D*+ST4D ,,,°+01input 4D, 10 °
04Dvs10 +[0.625°+1.74553%+0.00225%+40.166667%+1.4022552]°-5

It

04Dpygr0 = +2.330580% Power
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11.4.4.2 Module 4D Non-Random Errors (Ze4D)
11.4.4.2.1 Humidity Errors (e4DH)

Since Reference 3.11 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e4DH = 0% CS
11.4.4.2.2 Temperature Error (e4DT)

Since Reference 3.11 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e4DT = 0% CS
11.4.4.2.3 Radiation Error (e4DR)

Since Reference 3.11 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e4DR = 0% CS
11.4.4.2.4 Seismic Error (e4DS)

Per Section 4.7 seismic error for this module is considered
negligible.

e4DS = 0% CS
11.4.4.2.5 Static Pressure Effect (e4DSP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e4DSP = 0% CS
11.4.4.2.6 Pressure Error (e4DP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e4DP = 0% CS
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11.4.4.2.7 Process Errors{(e4Dp)

This module is intermediate in the loop and, as such,

exposed to any process parameters. Therefore,
process errors.

is not
there are no

e4Dp = 0% CS
11.4.4.2.8 Power Supply Effects (e4DV)

Since Reference 3.11 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e4DV = 0% CS
11.4.4.2.9 Non-Random Input Error (einput4D)

The module 4D input error (einput4D) is equal to the
combination by algebraic addition of the non-random input
terms from Module 4B (Ze4B) and Module 3 (re3).

However,
Ze3 must be converted from % Flow to % Power using the same

flow biased trip slope adjustments determined in Section
11.4.4.1.5.

11.4.4.2.9.1 Two Loop Operation (TLO) - Using the FCS determined in

Section 11.4.4.1.5.1, the module 4D input error for TLO is
determined as

einput4D = +[Xed4B + (FCS * ze3)]
einput4D = +[0.82 + (0.632500 * 1.274635)]
einput4D = +1.626207% Power

And the module 4D AV error for TLO is determined as

einput4D,, =

Te4B,, + (FCS * $e3)]
einput4D,, =

+[
+[0 + (0.632500%1.274635)]

einput4D,, = +0.806207% Power

11.4.4.2.9.2 Single Loop Operation (SLO)
Section 11.4.4.1.5.2,
determined as

- Using the FCS determined in
the module 4D input error for SLO is

einput4Dg, = +[Zed4B + (FCS * $e3)]
einput4Dg., +[0.82 + (0.562500 * 1.274635)]

einput4Dg,

I

+1.536982% Power
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And the module 4D AV error for SLO is determined as
einput4D,yge = +[ZedB,, + (FCS * ge3)]
einput4D,ygo = +[0 + (0.562500 * 1.274635)]
einput4D,yqo = +0.716982% Power
11.4.4.2.10 Module 4D Non-Random Error (Ze4D)
11.4.4.2.10.1 Two Loop Operation (TLO) - the module 4D total random

error for TLO 1is

ze4D = +(125/100) * (e4DH + e4DT + e4DR + e4DS + e4DSP +
e4DP + e4Dp + e4DV) + einput4D

Ted4D = +(125/100)* (0 +0 +0 +0 +0 +0 +0 +0)+ 1.626207

red4D = +1.626207 % Power

And the module 4D AV error for TLO is determined as
redD,, = +(125/100)* (e4DH + e4DT + e4DR + e4DS + e4DSP +
e4DP + e4Dp + e4DV) + einput4D,,
5ed4D,, = +(125/100)* (0+0+0+0+0+0+0+0) + 0.806207
2e4D,, = +0.806207 % Power

11.4.4.2.10.2 Single Loop Operation (SLO) - the module 4D total random
error for SLO is

2e4Dg, = +(125/100) * (e4DH + e4DT + e4DR + e4DS + e4DSP +
e4DP + e4Dp + e4DV) + einput4dDg,
$ed4Dgy = +(125/100)*(0 +0 +0 +0 +0 +0 +0 +0)+ 1.536982

nedDgy, = +1.536982 % Power
And the module 4D AV error for SLO is determined as
Te4Dayeo = +(125/100) * (e4DH + e4DT + e4DR + e4DS + e4DSP +
€4DP + e4Dp + e4DV) + einput4D,yo
Te4Daye0 = +(125/100) * (0+0+0+0+40+0+0+0) + 0.716982

2e4Dpygo = £0.716982 % Power
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11.5 Module 5 (RBM)

The RBM will be divided into three parts for this calculation;
RBM Averaging and Gain Change Circuitry, Trip Circuits (Fixed),
and Trip Circuits (Flow Biased). These will be designated Module
SA, 5B, and 5C respectively. This separation is performed for
convenience and because the calibration procedures of Reference
3.5 effectively make this separation.

11.5.1 Module 5A (RBM Averaging and Gain Change Circuitry)

Clagsification of Module

Module 5A receives analog inputs from multiple LPRM cards.
These signals are averaged and then operated on by the Gain
Change Circuitry resulting in an analog output that is some
multiple of the average of the input signals. Therefore,
Module 5A is an analog module.

11.5.1.1 Module 5A Random Error (¢5A)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 5A.

11.5.1.1.1 Reference Accuracy (RAS5A)
Per Section 8.5.1 the reference accuracy for this module is:
RASA = 0.8% CS

The vendor also lists another accuracy term called “Accuracy
of Null”. This is the accuracy with which the RBM can
adjust its gain so that its output is equal to the output of
the reference APRM. The value for this term is:

RASAy = %1% of Point

Since the maximum power at which the RBM is used is
essentially 100% Power, this nulling error represents a
maximum of 1% Power which can be converted to % CS by
multiplying by 100/125. The nulling error and the reference
accuracy can be combined using SRSS.

Per Assumption 5.1, these are assumed to be 2 sigma values.
They are then converted to 1 sigma values by dividing by 2.

RASA ,,, = -_t{(RASA/2)2 + [(100/125)*(RASANULL/Z)]z}o.s cs
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RASA i{(0.8/2)2 + [(100/125)*(1/2)]2}m5 s Cg

RASA ., = +0.565685% CS
11.5.1.1.2 Drift (RDS5A)
Per Section 8.5.1 the reference drift for this module is:
RD5A = 0.3% CS/4 Hrs

The RBM automatically performs a gain adjustment each time a
control rod is selected. This control rod selection process
occurs much more frequently than the drift interval.
Therefore, per Section 2.1.b the vendor drift data can be
used as is. Per Assumption 5.1, RDSA is assumed to be a 2
sigma value. This will be converted to a 1 sigma value by
dividing by 2.

RD5A,,, = +(RD5A/2) % CS
RD5A.,, = +(0.3/2) % CS
RD5A,,, = #0.15% CS
11.5.1.1.3 Calibration Uncertainty (CALS5A)

The uncertainties associated with calibrating the RBM
Averaging and Gain Change Circuitry are composed entirely of
the uncertainties associated with the DMM used to measure
the zero offset of the amplifier on the Driver Card. Per
the applicable procedures of Reference 3.5 a Fluke Model
8500A is specified for this function. From Section 9.1 the
error associated with this instrument is 0.00018 Vdc
(RAMTE1:,) . Since this is a digital instrument REMTE1l., is
equal to zero.

From Reference 3.3,

MTE1 = [(RAMTEl/n)? + REMTE1?]°S
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.
Therefore, the value of n is 1.

MTElsy = +[(RAMTE1l.,/1)? + REMTE1.,%]%° vdc

MTEl,. = +[(0.00018/1)2 + 02%]°° vdc
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MTE1l,. = +£0.00018 Vvdc

From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
term which contributes to CALS5A is MTEl. In order to
convert CALSA to % CS, MTEl;, will be divided by the RBM
span (SPANg,,) and multiplied by 100. For this calculation

CAL5A = + (MTEl.,/SPAN.,,) *100 % CS
CAL5A = +(0.00018/10)*100 % CS
CALS5A = +0.0018% CS

11.5.1.1.4 Setting Tolerance (ST5A)

The setting tolerance for the RBM Averaging and Gain Change
Circuitry calibration is the allowance in setting the zero
offset of the amplifier on the Driver Card. From the
applicable procedures in Reference 3.5 this allowance (STSA)
is +0.025 Vdc. This can be converted to % CS by dividing by
the RBM span (SPAN.,,) and multiplying by 100.

From Section 2.1.a the given setting tolerances are
considered 3 sigma values. Therefore, STS5A must be divided
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent calibrated span gives

ST5A,,) = +[(ST5A/SPAN.,,) *100]1/3 % CS
ST5A,,, = +[(0.025/10)*100]1/3 % CS
ST5A.,, = +0.083333% CS

11.5.1.1.5 Process Measurement Accuracy (PMA,)

Section 4.5 of Reference 3.13 contains an error term called
PMA of which part is applicable to the RBMs. Although
primarily applicable to large and rapid transient events,
the tracking portion of this error is considered applicable
to the RBM. Therefore,

PMAgy = +1.11% Power
This is considered to be a 2 sigma value and must be divided

by 2 in order to make it compatible with the other error
terms.
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11.5.1.1.6

PMApy(1sy = +PMAg,./2 % Power
PMArem(1ey = +1.11/2 % Power
PMAgzpm,) = 320.555% Power

Per Reference 3.3 process terms are not to be included in
the Allowable Value determination. Therefore,

PMAppwayy = 0% Power
Input Uncertainty (oinput5A)

In addition to its own error terms, Module 5A also operates
on the error terms from Module 4A. Therefore, the random
error terms o04A, 04A,,, oinput4ld,,, and cinput4A from the
LPRMs must be transferred through the Averaging and Gain
Change Circuitry. The resultant term will be oinput5A for
this module.

Since 04A is in % CS and 04A,,, cinput4d,,, and ocinput4A are

in % power they term must be treated differently when being
transferred through the Averaging and Gain Change Circuitry.

If N LPRMs are being averaged the gain associated with each
LPRM through the averaging circuit is 1/N. This applies to
both ¢4A and cinput4A. Following the averaging function
there is a gain function (Gg,,) that adjusts the RBM output
to read the same as the reference APRM (Section 4.8). Since

o

04App, 0inputdh,,, and cinput4A are in % power and the output

L)

is also in % power the gain function has no effect.

However, o4A is in % CS and the gain function has the effect
of changing the calibrated span. Therefore, 04A must be
multiplied by Ggy. Based on this discussion then o4A is
propagated through the Averaging and Gain Change Circuitry
by the factor Guu/Ngy while 04A3,,, cinput4d,,, and cinput4A
are only operated on by 1/Ng,. If the random error terms
from N LPRMs are combined by SRSS the result is:

OinputB5A.s = +{Ngg,* [04A* (Gram/Nggy) 12305
= + (04A*Grpy) / (Nppy) °° % CS

and

ginput5Aa,, =

{Negu* [ (0inputdA/Nyg,)? + (04R5/Nggy) 2] }0°5
oinput5A,, [ :

(0input4A)? + (04A;;)21%5/ (Nogy) °-°

()

s Power

+
*

li

From Section 4.5.6 of Reference 3.10 the minimum number of
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LPRMs which must be in the average in order for an RBM to be
considered operable is 2. Using this value in the above
equations gives:

o\®

0input5Acs = + (04A*Gphyy) / (Npgy) °5 % CS

oinputbA.; = +(0.606904*2.5) /2°5 % CS

oinput5A. = +1.072865% CS

And
oinputS5A,, = +[(0input4A)? + (04B.)21°%5%/ (Npgy) *° % Power
0inputSA,, = +[(1.019804)2+(0.707107)21°5/2°5 & pPower
oinput5A;, = +0.877496 % Power

And

oinputS5A,, = +[(oinputdA,,)? + (048.,)%)1%5/ (Negy) 5 % Power

oinput5A,, = +[(0)? + (0.707107)2]°5/20:5

oinputBAa,, +0.500000% Power

Since the output of the Averaging and Gain Change Circuitry
is the output of the RBM, it is desirable to have the terms
in % Power. oinput5A_ can be converted to % Power by
multiplying by the output span (125%) and dividing by 100%.
The result is:

+0input5A(125/100) % Power

0input5Acg pp)
0input5Acgpp = +1.072865% (125/100) % Power
OinputS5Acppy = +1.341081% Power

Now that all uncertainty terms are in % Power they may be
combined by SRSS.

oinput5A = t[(oinput5A,.)? + (0input5Acg pp ) 21°° % Power

oinput5A = +[(0.877496)% + (1.341081)2]°°% % Power

oginput5A

+1.602653% Power
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And

oinput5AA;, = +[(0input5h,,)? + (0inputS5Ac s )?]1%° % Power

oinput5AA,, = +[(0.5)? + (1.341081)%]°% % Power

cinput5AA,, = +1.431258% Power

11.5.1.1.7 Determination of Module Random Error (o¢SA)

Using the methodology of Reference 3.3,

05A = +[(RASA(,)? + (RDSA,, )% + (CAL5A)? + (STS5A, )% +
(PMApgu(10)) * + (0input5A)?]°*° & CS

However, since oinput5A and PMAg,,, are in terms of percent
power while the other terms are percent calibrated span,
these terms will be removed from the equation until the
combination of the first four terms has been performed and
the result converted to percent power by multiplying by
125/100. Then this result will be combined with cinput5A
and PMAg,,,, using SRSS. Therefore, for this section the
equation for ¢5AI is:

05AT = +[(RASA,,)? + (RD5A.,,)? + (CALS5A)? +
(ST5A,,,)%1%° % CS

05AT = +[(0.565685)? + (0.15)% + (0.0018)2 +
(0.083333)2]°%% & CS

05AI = +0.591141% CS

Converting this to percent power gives:
05AI,, = +05AI*(125/100) % Power
05AI,, = +0.591141%(125/100) % Power

05AT,; +0.738926% Power

Now this can be combined with cinput5A and PMAppy (1, USing
SRSS to obtain o¢5A.

05A = +[(05AIp)* + (0input5A)? + (PMAggus)21°° % Power
0S5A = +[(0.738926)% + (1.602653)2 + (0.555)2]1°°% % Power
05A = +1.850009% Power
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And
05Rny = +[(05AT.;) %+ (0input5AA,,) *+ (PMArey ;v ) 21 %% % Power

05h,, +[(0.738926)%+(1.431258)2+(0)2%]1°% % Power

+1.610749% Power

054,y
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11.5.1.2 Module 5A Non-Random Errors (SeS5A)
11.5.1.2.1 Humidity Errors (eS5AH)

Since Reference 3.12 does not identify a humidity error term
a value of zero will be used per Section 4.3.

11.5.1.2.2 Temperature Error (eSAT)

Since Reference 3.12 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e5AT = 0% CS
11.5.1.2.3 Radiation Error (eS5AR)

Since Reference 3.12 does not identify a radiation error
term a value of zero will be used per Section 4.3.

11.5.1.2.4 Seismic Error (e5AS)

Per Section 4.7 seismic error for this module is considered
negligible.

e5AS = 0% CS
11.5.1.2.5 Static Pressure Effect (eS5ASP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e5ASP = 0% CS
11.5.1.2.6 Pressure Error (e5AP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e5AP = 0% CS
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11.5.1.2.7 Process Errors (eSAp)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors other than that previously discussed in
Section 11.5.1.1.5.

e5Ap = 0% CS8
11.5.1.2.8 Power Supply Effects (e5AV)

Since Reference 3.12 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

ebAV = 0% CS
11.5.1.2.9 Non-Random Input Error (einput5A)

In addition to its own error terms, Module 5A also operates
on the error terms from the LPRMs. The non-random error
from the LPRMs was kept in three terms since one is in % CS
(2e4A) and the other two in % Power (einput4A and
einput4d,,) . As was done for the random terms the % CS term
must be operated on by the RBM gain (Ggs) whereas the %
Power terms are not affected by the gain. For N LPRMs being

averaged the result is:
einput5As = Gppy*N* (1/N) * (Se4A) = Gup*ZedA % CS
einput5A, = 2.5*0 % CS

0% Cs

einput5Ag

einput53A,, N* (1/N) * (einput4A) = einput4A % Power

einput53;, = 0.82% Power

And for the Allowable Value term:
einput5A,, = N* (1/N) * (einput4d,,) = einput4d,, % Power
einput5A,, = 0% Power

These three terms will be carried forward to the next

section where they will be combined after the % CS terms are
converted to % Power.
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11.5.1.2.10 Non-Random Error (ZeS5A)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

ZebAq,

+ (e5AH + e5AT + e5AR + e5AS + eS5ASP + eS5AP +
e5Ap + ebAV + einputB5A.)% CS

Ze5As = (0 + 0+ 0 +0+0+0+0+ 0+ 0)% CS
SeS5A. = +0% CS

This will now be converted to % Power and added to
einput5A;, to obtain the total SeS5A.

ZebA = +ZeS5A*(125/100) + einput5A,, ¥ Power
Ze5A = +0*(125/100) + 0.82 % Power
ZebA = +0.82% Power
And
ZebA,, = #Xe5A,*(125/100) + einputSA,, % Power

ZebA,, = +0*(125/100) + 0 % Power

YebA,, = +0% Power
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11.5.2 Module 5B (Trip Circuit - Fixed)

11.5.2.1

11.5.2.1.1

11.5.2.1.2

Claggification of Module

Module 5B receives an analog input from the Averaging and
Gain Change Circuitry and provides a bistable output, the
state of which depends on the relative magnitudes of the
input signal and the reference value. Therefore, Module 5B
is a bistable module.

Module 5B Random Error (o5B)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 5B.

Reference Accuracy (RA5B)
Per Section 8.5.1 the reference accuracy for this module is:
RA5SB = 1% CS

Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
In the same step this will be converted to % Power by
multiplying by 125/100.

RA5B +(RA5B/2)*(125/100) % Power

RASB 4, +(1/2)*(125/100) % Power

RASB,,) = +0.625% Power
Drift (RDS5B)

Per Section 8.5.1 the reference drift for this module is:
RD5B = 1% CS/700 HRS

Table 4.3.6-1 of Reference 3.7 gives the surveillance
interval (RDSBTSI) for all trip functions as 13 weeks
(quarterly). 1In addition, a 25% late factor will added to
the required value. Per Reference 3.8 drift is considered a
random function and can be extended to a longer period by
the square root of the ratio of the time periods per Section
2.2.5 of Reference 3.13.

Per Assumption 5.1, the drift value is assumed to be a 2
sigma value. This is then converted to a 1 sigma value by
dividing by 2, and then to % Power by multiplying by
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125/100. RD5BTSI is converted to hours by multiplying by
168. The one sigma drift is then:
RD5B (15, = +(RD5B/2)*(125/100)*[ (1. 25*RD5BTSI*168) /RDSBT]°-°
% Power
RD5B (1, = +£(1/2)*(125/100)*[(1.25%13%168)/700]°° % Power
RD5B,,, = +1.234276% Power
11.5.2.1.3 Calibration Uncertainty (CALS5B)

The uncertainties associated with calibrating the trip
circuits are composed entirely of the uncertainties
associated with the DMM used to set the input trip voltage.
Per the applicable procedures of Reference 3.5 a Fluke Model
8500A is specified for this function. From Section 9.1 the
error associated with this instrument is 0.00018 Vdc
(RAMTE1.;) . Since this is a digital instrument REMTE1l., is
equal to zero.

From Reference 3.3,

MTE1l = [(RAMTEl/n)? + REMTE1%]°°
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.
Therefore, the value of n is 1.

MTElg;; = +[(RAMTEl.,/1)? + REMTE1.2]°° Vdc

MTEl,; = +[(0.00018/1)% + 0%1°%% vdc

MTEl,; = +0.00018 vdc
This can be converted to % Power by dividing by the voltage
span (SPAN4CIN - the RBM output has the same span as does
the APRM) and multiplying by the full scale power (125).

MTElg (ppy = +[ (MTE1l,,/SPAN4CIN) *125] % Power

MTElsgppy = +[(0.00018/10)*125] % Power

MTElsz(ppy = +0.00225% Power
From Section 5.2 the errors attributed to the calibration

standards are considered negligible. Therefore, the only
term which contributes to CALS5B is the MTEl term.
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Therefore, for this section
CALS5B = tMTElg;pp = +0.00225% Power
11.5.2.1.4 Setting Tolerance (STSB)

The setting tolerance listed in the applicable procedures
for this function is 0.04 Vdc. This can be converted to %
Power by dividing by the voltage span (SPAN4CIN) and
multiplying by the full scale power (125).

From Section 2.1.a the given setting tolerances are
considered 3 sigma values. Therefore, STSB must be divided
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent power gives

ST5B ;5 = +[(ST5B/SPAN4CIN)*125]/3 % Power
ST5B,) = +[(0.04/10)+*125]/3 % Power
ST5B, = 20.166667% Power

11.5.2.1.5 Input Uncertainty (cinput5B and o¢inputSB,,)

In addition to its own error terms, the error terms from
Module 5A must also be considered. Since the trip circuits
perform no function on the input signal o¢inputSB and
0input5B,, become equal to the random input terms ¢5A and
058, .

cinput5B = +05A = +1.850009% Power

aAnd
oinput5B,, = +05A,, = 1.610749% Power
11.5.2.1.6 Determination of Module Random Error (oS5SB)

Using the methodology of Reference 3.3,

05B = +[(RAS5B(,,)? + (RD5B,)? + (CALS5B)? + (ST5B 1) % +
(cinput5B)?]°° % Power

05B = +[(0.625)% + (1.234276)% + (0.00225)2 +
(0.166667)% + (1.850009)2%]1%% % Power

05B = +2.316113% Power
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And
05B,, = +[(RA5B,,)? + (RD5B,)2 + (CAL5B)? + (ST5B,,,)>

)

+ (oinputS5B,,)?]°® % Power

05Bay, = +[(0.625)2+(1.234276)2+(0.00225)2+(0.166667)2+
(1.610749)2%]°°% % Power

05B,y = +2.129873% Power
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11.5.2.2 Module 5B Non-Random Errors (rfeS5B)
11.5.2.2.1 Humidity Errors (eS5BH)

Since Reference 3.12 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e5BH = 0% CS
11.5.2.2.2 Temperature Error (eS5RT)

Since Reference 3.12 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e5BT = 0% CS
11.5.2.2.3 Radiation Error (e5BR)

Since Reference 3.12 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e5BR = 0% CS
11.5.2.2.4 Seigsmic Error (e5BS)

Per Section 4.7 seismic error for this module is considered
negligible.

e5BS = 0% Cs
11.5.2.2.5 Static Pressure Effect (e5BSP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e5BSP = 0% CS
11.5.2.2.6 Pressure Error (eS5BP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no pressure effect.
e5BP = 0% CS
11.5.2.2.7 Process Errors (e5Bp)

This module is intermediate in the loop and, as such, is not

REVISION NO. 0




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 130 of 191

e

exposed to any process parameters. Therefore, there are no
process errors.

e5Bp = 0% CS
11.5.2.2.8 Power Supply Effects (e5BV)

Since Reference 3.12 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e5BV = 0% CS
11.5.2.2.9 Non-Random Input Error (einput5B)
In addition to its own error terms, the error terms from
Module 5A must also be considered. Since the trip circuits
perform no function on the input signal, einput5B and
einput5B,, become equal to the non-random input term SeS5A
and Zeb5A,,.

einputSB = +Fe5A = +0.82% Power

einput5B,, = +%e5A,, = +0% Power
11.5.2.2.10 Non-Random Error (Ze5B and Ze5B,y)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms.

ZebB = +(125/100) * (e5BH + e5BT + e5BR + e5BS + e5BSP
+ e5BP + e5Bp + e5BV) + einput5B% Power

2e5B = +(125/100)*(0 + 0 + O + 0 + O + O + O + 0)+
0.82% Power

Ye5B = +0.82% Power

And

%eb5B,, = +(125/100)* (e5BH + e5BT + e5BR + e5BS + e5BSP
+ e5BP + e5Bp + e5BV) + einput5B,, % Power

%e5Byy = +£(125/100)*%(0 + 0 + 0 + 0 + 0 + O + O + 0) + O
% Power

2e5B,y = +0% Power
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11.5.3 Module 5C (Trip Circuit - Flow Biased)
Classification of Module
Module 5C receives an analog input from the Averaging and
Gain Change Circuitry and the Flow Summer (Module 3), and
provides a bistable output, the state of which depends on
the relative magnitudes of the input signal from the
Averaging and Gain Change Circuitry and the reference value,
which is a function of the Flow Summer signal. Therefore,
Module 5c¢ is a bistable module.
11.5.3.1 Module 5C Random Error (¢5C)
This section addresses random uncertainties that have the
potential to be expressed in the output of Module 5C.
11.5.3.1.1 Reference Accuracy (RA5C)
Per Section 8.5.1 the reference accuracy for this module is:
RAS5C = 1% CS
Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.
In the same step this will be converted to % Power by
multiplying by 125/100.
RA5C,, = +(RA5C/2)*(125/100) % Power
RA5C ., = +(1/2)*(125/100) % Power
RASC,, = +0.625% Power
11.5.3.1.2 Drift (RD5C)
Per Section 8.5.1 the reference drift for this module is:
RD5C = 1% CS/700 HRS
Table 4.3.6-1 of Reference 3.7 gives the surveillance
interval (RD5CTSI) for all trip functions as 13 weeks (semi-
annually). In addition, a 25% late factor will added to the
required value. Per Reference 3.8 drift is considered a
random function and can be extended to a longer period by
the square root of the ratio of the time periods per Section
2.2.5 of Reference 3.13.
Per Assumption 5.1, the drift value is assumed to be a 2
REVISION NO. 0




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 132 of 191

11.5.3.1.3

sigma value. This is then converted to a 1 sigma value by
dividing by 2, and then to % Power by multiplying by
125/100. RD5CTSI is converted to hours by multiplying by
168. The one sigma drift is then:

RD5C(,, = +(RD5C/2)*(125/100) * [(1.25*RD5CTSI*168) /RDSCT] 5
% Power

RD5C (14, = +(1/2)*(125/100)*[(1.25%13*%168)/700]°° % Power

RD5C ;) = +£1.234276% Power

Calibration Uncertainty (CALSC)

The uncertainties associated with calibrating the trip
circuits are composed entirely of the uncertainties
associated with the DMM used to set the input trip voltage.
Per the applicable procedures of Reference 3.5 a Fluke Model
8500A is specified for this function. From Section 9.1 the
error associated with this instrument is 0.00018 Vdc
(RAMTE1l..) . Since this is a digital instrument REMTEl.. is
equal to zero.

From Reference 3.3,

MTEl = [(RAMTEl/n)? + REMTE12%]°°
where n is the number of standard deviations applicable to
the error term. The values of the error terms from
Reference 9.1 are already expressed in one sigma terms.
Therefore, the value of n is 1.

MTEl,. = +[(RAMTEl../1)? + REMTE1..2]°° vdc

MTEl;. = +£[(0.00018/1)% + 02]°°% vdc

MTEl,. = +0.00018 Vdc
This can be converted to % Power by dividing by the voltage
span (SPAN4CIN - Both Fixed and Flow Biased trips have the
same input span as the APRM trip circuits) and multiplying
by the full scale power (125).

MTElgcpp, = +[(MTE1../SPAN4CIN)*125] % Power

MTElgpp) = +[(0.00018/10)*125] % Power

MTEls.ppy = +0.00225% Power
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From Section 5.2 the errors attributed to the calibration
standards are considered negligible. Therefore, the only
term which contributes to CAL5C is the MTE1 term.
Therefore, for this section

CAL5C = #MTEl, ;s = +0.00225% Power
11.5.3.1.4 Setting Tolerance (ST5C)

The setting tolerance listed in the applicable procedures
for this function is 0.04 Vdc. This can be converted to %
Power by dividing by the voltage span (SPAN4CIN) and

multiplying by the full scale power (125).

From Section 2.1.a the given setting tolerances are
considered 3 sigma values. Therefore, ST4D must be divided
by 3 to make it compatible with the other 1 sigma error
terms. Combining this operation with the conversion to
percent power gives

ST5C(;,) = +[(ST5C/SPAN4ACIN)*125]/3 % Power
ST5C, = +[(0.04/10)*125]1/3 % Power
ST5C,, = +0.166667% Power

11.5.3.1.5 Input Uncertainty (oinputscC)

In addition to its own error terms, the error terms from
Module 5A and Module 3 must also be considered. Since the
trip circuits perform no function on these input signals
oinput5C and oinput5C,, become equal to the combination by
SRSS of the random input terms o5A and ¢3, and 05A,, and 03..
However, before o5A and 03, and 053,, and 03, can be
combined, 03 and 03, must be converted from % Flow to %
Power by multiplying by the slope of the curve in the Flow
Controlled Trip Reference Unit. From the applicable
brocedures in Reference 3.5 this slope (FCSgam(sp)) 18 equal
to 0.66% Power per % Flow. However, per Section 2.2 this
slope has been modified to account for setting
uncertainties. Therefore,

oinput5C = +[05A% + (FCSgu*03)%]°5 % Power

oinput5C = +{(1.850009)> + [(0.668750)*(2.546521)]2}°5
Power

oinput5C = +2.514497% Power
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For the Allowable Value determination this becomes:
0input5C,, = +[05A,° + (FCSpm*03.)%]1°% % Power

oinput5Cy = £[1.610749% + (0.668750%1.669197)2]°5 3

Power

cinput5C,, = +1.959740% Power
11.5.3.1.6 Determination of Module Random Error (o¢5C and 05C,y)

Using the methodology of Reference 3.3,

05C = +[(RA5C,)? + (RD5C,,)? + (CALS5C)? + (ST5C.,)2 +
(cinput5C)?]°* % Power

05C = +[(0.625)2% + (1.234276)2 + (0.00225)2 +
(0.166667)% + (2.514497)%]1°°% % Power

05C = +2.874811% Power

05Ch = +[(RA5C;,)? + (RD5C,,)? + (CAL5C)? + (ST5C,,,)>
+ (0input5C,,)2]°° % Power

05C,y = i[(0.625)2+(1.234276)2+(O.00225)2+(0.166667)2+
(1.95974)21%% % Power

05C,y = +2.404668% Power
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11.5.3.2 Module 5C Non-Random Errors (XeS5C)
11.5.3.2.1 Humidity Errors (e5CH)

Since Reference 3.12 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e5CH = 0% CS
11.5.3.2.2 Temperature Error (e5CT)

Since Reference 3.12 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e5CT = 0% CS
11.5.3.2.3 Radiation Error (e5CR)

Since Reference 3.12 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e5CR = 0% CS
11.5.3.2.4 Seismic Error (e5CS8)

Per Section 4.7 seismic error for this module is considered
negligible.

eb5Cs = 0% Cs
11.5.3.2.5 Static Pressure Effect (e5CSP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e5CSP = 0% CS
11.5.3.2.6 Pressure Error (eS5CP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e5CP = 0% CS
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11.5.3.2.7 Process Errors (e5Cp)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.

e5Cp = 0% CS
11.5.3.2.8 Power Supply Effects (e5CV)

Since Reference 3.12 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e5CV = 0% CS
11.5.3.2.9 Non-Random Input Error (einput5C)

In addition to its own error terms, the error terms from
Module 5A and Module 3 must also be considered. Since the
trip circuits perform no function on these input signals
einput5C becomes equal to the combination by algebraic
addition of the non-random input terms Se5A and Se3, and
ZebSA,, and Ie3,,. However, before fe5A and ze3, and ZeSA,,
and Ze3,, can be combined, Ze3 and re3,, must be converted
from % Flow to % Power by multiplying by the slope of the
curve in the Flow Controlled Trip Reference Unit. From the
appllcable procedures in Reference 3.5 this slope (FCSgamsp) )
is equal to 0.66 % Power per % Flow. However, per Section
2.2 this slope has been modified to account for setting

uncertainties. Therefore,
einput5C = t[ZeS5A + (FCSy*Zel3)] % Power
einput5C = +[0.82 + (0.668750*1.274635)] % Power
einput5C = #1.672412% Power

einput5C,, +[Ze5A,;, + (FCSpu*Ze3)] % Power

einput5C,, = +[0 + (0.668750%1.274635)] % Power

+0.852412% Power

einput5C,,
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11.5.3.2.10 Non-Random Error

From Reference 3.3 the non-random error is the algebraic sum

of all the above terms.

rebC

rebC

nesC

ZebC,y

ne5C,y

reS5C,y

+(125/100) * (e5CH + e5CT + e5CR + e5CS + e5CSP
5Cp + e5CV) + einput5C% Power

+ e5CP + e

£(125/100)*(0 + 0 + O + 0 + 0 + 0 + O + 0)+

1.672412%

+1.672412%

+(125/100) * (e5CH + e5CT + e5CR + e5CS + e5CSP

+ e5CP + e

+(125/100)*(0 + 0 + O + 0 + O + 0 + O + 0) +

)
0.852412 %

+0.852412%

(ZesC)

Power

Power

Q

5Cp + ebCV) + einputhC,, %

(
Power

Power

Power
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11.6 ABB Flow Unit {(Module &)

Clagsification of Module

Module 6 receives analog inputs from flow transmitters and
another flow unit, and provides an output that represents the sum

of two flow loops in addition to two bistable outputs

representing high flow and mismatch flow.

both

11.6.1

11.6.1.1

11.6.1.1.1

11.6.1.1.2

an analog and a
Module 6 Analog
This portion of
associated with

sections of the

Module 6 Random

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 6.

Therefore,
bistable module.

Section

the calculation evaluates the uncertainties
the square root converters and summer

flow unit.

Error (o6)

Reference Accuracy (RA6)

Per Section 8.6.1 the reference accuracy applied to this
module is the overall RFM accuracy.

reference accuracy for this unit is +1%.

RA6 = 1

o\®

Per Assumption 5.1, this is assumed to be a 2 sigma value.
converted to a 1 sigma value by dividing by 2.

This is then

(OFS]

RA6,,, = +RA6/2 % CS
RA6,, = +1/2 % CS
RA6 1, = +0.5% CS
Drift (RD6)

Per Section 8.6.1 the reference drift applied to this module

is the overall RFM drift. Per Reference 3.19 the reference

drift for this unit is +0.5% CS per 30 months.
interval is greater than the surveillance interval no

adjustment needs to be made.

RD6 = 0.5%

Per Assumption 5.1, this is assumed to be a 2 sigma value.

Cs

Module 6 is

Per Reference 3.19 the

Since this
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This is then converted to a 1 sigma value by dividing by 2.

\O

RD6,, = RD6/2 % CS

\O

RD6,, = 0.5/2 % CS
RD6 ,,, = +0.25% CS
11.6.1.1.3 Calibration Uncertainty (CAL6)

The uncertainties associated with calibrating the flow
summer are composed of the uncertainties in setting the
input signal and the uncertainties in reading the output
signal. Per Assumption 5.9 the calibration uncertainties
for this module are assumed to be the same as those for
Module 3. Therefore, CAL6 is equal to CAL3.

CAL6 = CAL3g 4y = +0.025498% CS
11.6.1.1.4 Setting Tolerance (ST6)
The setting tolerance for the flow summer is the combination
of the input and output setting tolerances. Per Assumption
5.9 the setting tolerances for this module are assumed to be
the same as those for Module 3. Therefore, ST6 is equal to
ST3 and, consequently, ST6.,, is equal to ST3 (14 -
ST6 15y = ST3(, = +0.04714% CS
11.6.1.1.5 Input Uncertainty (oginputs)
In addition to its own error terms, Module 6 also operates
on the error terms from Module 1. Per Assumption 5.9 the
calibration uncertainties for this module are assumed to be
similar to those for Module 3. Also, since Module 2 had no
error terms (RA2, RD2) of its own, its only errors were due
to calibration and inputs from Module 1. Therefore, the

random error terms ocinputé and ocinput6. will be equal to
ocinput3 and cinput3. for this calculation.

oinputé = oinput3 = +1.660348% CS
For the Comparator Trip:
oinput6. = oinput3. = +0.624245% CS
11.6.1.1.6 Determination of Module Random Error (¢6)

Using the methodology of Reference 3.3, and converting to %
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Flow by

06

06

06
For the

06,

06

06

multiplying by 125/100:

+(125/100)
(ST6 1,) % +

* [
(

+2.190936% Flow
Comparator Trip:

= +(125/100) *
(ST6 (15) % +

= +£(125/100)*[(0.5)2 + (0.25)2 + (0.025498)2 +
(0.04714)2% + (0.624245)2]1°5 & Flow

= +1.049594% Flow

(RA6 (1) + (RD6,,,)? + (CAL6)? +
oinputé6)?]1°® % Flow

+(125/100)*[(0.5)2 + (0.25)2 + (0.025498)2 +
(0.04714)2 + (1.

RA6 (1) + (RD6,,)% + (CAL6)2 +
input6.)?1°° % Flow

660348)%1°° % Flow

REVISION NO.




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 141 of 191

11.6.1.2 Module 6 Non-Random Errors (Se6)

Per Section 8.6.1 the errors applied to this module are the
overall RFM error terms.

11.6.1.2.1 Humidity Errors (e6H)

Since Reference 3.19 does not identify a humidity error term
a value of zero will be used per Section 4.3.

e6H = 0% CS
11.6.1.2.2 Temperature Error (e6T)

Per Reference 3.19 the “Total Flow Voltage Output
Temperature Effect” is

e6T = 0.5% C8
11.6.1.2.3 Radiation Error (e6R)

Since Reference 3.19 does not identify a radiation error
term a value of zero will be used per Section 4.3.

e6R = 0% CS8
11.6.1.2.4 Seismic Error (e68)

Per Section 4.7 seismic error for this module is considered
negligible.

e6S = 0% CS
11.6.1.2.5 Static Pressure Effect (e6SP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
e6SP = 0% CS
11.6.1.2.6 Pressure Error (e6P)
This module is an all electronic device that is not exposed

to any pressure other than atmospheric. Therefore, there is
no pressure effect.

e6P = 0% CS
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11.6.1.2.7 Process Errors (eép)

This module is intermediate in the loop and, as such, is not
exposed to any process parameters. Therefore, there are no
process errors.

e6p = 0% CS
11.6.1.2.8 Power Supply Effects (ee&V)

Since Reference 3.19 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

e6V = 0% CS8
11.6.1.2.9 Non-Random Input Error (einputé)

In addition to its own error terms, Module 6 also operates
on the error terms from Module 1. Per Assumption 5.9 the
calibration uncertainties for this module are assumed to be
similar to those for Module 3. Also, since Module 2 had no
error terms (e2H, e2T, e2R, e2S, e2SP, e2P, e2p, e2V) of its
own, its only errors were due to calibration and inputs from
Module 1. Therefore, the random error term einputée will be
equal to einput3 for this calculation.

einput6 = einput3 = +1.019708% CS
11.6.1.2.10 Non-Random Error (ze3)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms. 1In addition, this term can be

Q

converted to % Flow by multiplying by 125/100. The result

is;
Ze6 = x(125/100)*(e6H + e6T + e6R + e6S + e6SP + e6P +
eép + e6V + einputé)% Flow
Ze6 = +(125/100)*(0 + 0.5 + 0 + O + O + O + O «+ 0 +
1.019708)% Flow
Ze6 = +1.899635% Flow
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11.6.2 Module 6A and 6B(ABB RFM Trip Circuits)

Clasgification of Module

Module 6A receives an analog input from the Flow Summer
(Module 6) and provides a bistable output, the state of
which depends on the relative magnitudes of the input signal
and the reference value. Therefore, Module 6A is a bistable
module.

There are actually two separate trip circuits in each flow
unit. The Hi Flow trip looks at the output of the Flow
Summer and compares its magnitude to a fixed reference value
(Module 6A). The Comparator Trip Circuit looks at the
output of the Flow Summer and compares it to the output of a
Flow Summer from another RFM (Module 6B) and providesg a
bistable output, the state of which depends on the relative
magnitudes of the two input signals. Therefore, Module 6B
is a bistable module. The Comparator Trip will have to
combine the error terms from two Flow Summers.

11.6.2.1 Module 6A Random Error (o6A)

This section addresses random uncertainties that have the
potential to be expressed in the output of Module 6A.

11.6.2.1.1 Reference Accuracy (RA6A)
Per Section 8.6.1 the reference accuracy for this module is:
RA6A = 1% CS
Per Assumption 5.1, this is assumed to be a 2 sigma value.
This is then converted to a 1 sigma value by dividing by 2.

In the same step this will be converted to % Flow by
multiplying by 125/100.

RA6A;,, = +(RA6A/2)*(125/100) % Flow
RA6A(,, = +(1/2)*(125/100) % Flow
RAGA ,, = 20.625% Flow

11.6.2.1.2 Drift (RD6A)

Per Assumption 5.10 drift is assumed to be included in the
reference accuracy term. Therefore:

RD6A = 0% CS
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Per Assumption 5.1, the drift value is assumed to be a 2
sigma value. This is then converted to a 1 sigma value by
dividing by 2, and then to % Flow by multiplying by 125/100.

RD6A 1, = +(RD6A/2)*(125/100) % Flow
RD6A 1, = +(0/2)*(125/100) % Flow
RD6A;, = +0% Flow

11.6.2.1.3 Calibration Uncertainty (CAL6A)

Per Assumption 5.9 the calibration uncertainties for this
module are assumed to be the same as those for Module 3.
Therefore, CAL6A is equal to CAL3A.

CAL6A = CAL3A = +0.022538% Flow
11.6.2.1.4 Setting Tolerance (ST6A)
Per Assumption 5.9 the setting tolerances for this module
are assumed to be the same as those for Module 3.
Therefore, ST6A = ST3A, and consequently, ST6A,;, = ST3A; 1
and STSAB(lg) = ST3AB(1O) .

Upscale Trip:
ST6AA(1O> = STBAA(]_O) = i0.416667% FlOW

Comparator Trip:
STGAB(]_U) = STBAB(lc) = j0.333333% FlOW

11.6.2.1.5 Input Uncertainty (cinput6A, oinputéB)

In addition to its own error terms, the error terms from
Module 6 must also be considered. Since the trip circuits
perform no function on the input signal ocinput6A becomes
equal to the random input term o6 for the Hi Flow trip.
However, the Comparator Trip is also looking at the output
of another RFM so both inputs have a o6. term impressed on
them. Therefore, the uncertainty term oinputéB for the
Comparator Trip will combine two o6, terms by SRSS.

oinput6A = +06 = +2.190936% Flow
And
oinputéB = + (06, + 06.°)%° % Flow
cinputéB = +(1.049594° + 1.049594°)°° % Flow
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oinput6B = +1.48435% Flow
11.6.2.1.6 Determination of Module Random Error (c6A, 0©6B)

Using the methodology of Reference 3.3,

C6A = +[(RA6A,)° + (RD6A.)° + (CAL6A)Z + (ST6A; 1) ° +
(cinput6a)®]®® % Flow
C6A = +[(0.625)° + (0)° + (0.022538)2 + (0.416667)% +

(2.190936)°1°° % Flow

O6A = +2.316235% Flow

O6B = £[(RA6A1,)° + (RD6A )" + (CAL6A)? + (ST6A4.)? +
(cinput6B)°]1°® % Flow

O6B = +(0.625° + 0° + 0.0225387 + 0.333333% 4+
1.48435%)°° % Flow

06B = +1.644852% Flow
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11.6.2.2 Module 6A Non-Random Errors (2e6A)
11.6.2.2.1 Humidity Errors (e6AH)

Since Reference 3.19 does not identify a humidity error term
a value of zero will be used per Section 4.3.

11.6.2.2.2 Temperature Error (e6AT)

Since Reference 3.19 does not identify a temperature error
term a value of zero will be used per Section 4.3.

e6AT = 0% CS
11.6.2.2.3 Radiation Error (e6AR)

Since Reference 3.19 does not identify a radiation error
term a value of zero will be used per Section 4.3.

11.6.2.2.4 Seismic Error (e6AS)

Per Section 4.7 seismic error for this module is considered
negligible.

e6AS = 0% Cs
11.6.2.2.5 Static Pressure Effect (e6ASP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is
no static pressure effect.
€6ASP = 0% CS
11.6.2.2.6 Pressure Error (e6AP)
This module is an all electronic device that is not exposed
to any pressure other than atmospheric. Therefore, there is

no pressure effect.

e6AP = 0% CS
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11.6.2.2.7 Process Errors (e6Ap)
This module is
exposed to any process parameters.
process errors.

intermediate in the loop and, as such, is not
Therefore, there are no

e6Ap = 0% CS

11.6.2.2.8 Power Supply Effects (e6AV)

Since Reference 3.19 does not identify a power supply effect
error term a value of zero will be used per Section 4.3.

0%

e6AV = Cs

11.6.2.2.9 Non-Random Input Error (einput6A, einputéB)

In addition to its own error terms, the error terms from
Module 6 must also be considered. Since the trip circuits
perform no function on the input signal einput6A becomes
equal to the non-random input term $e6 for the Hi Flow trip.
However, the Comparator Trip is also looking at the output
of another RFM so the reference input also has a Ze6 term
impressed on it. Since these are not random terms, it is
expected that their magnitudes would be the same from each
Module 6. However, the methodology of Reference 3.3 does
not allow the cancellation of non-random terms. Therefore,
the total error at the comparator will be the algebraic sum

of two ZTe6 terms.

einput6A = t¥e6 = +1.899635% Flow
And
einput6B = +(Ze6 + Ze6) % Flow
einput6B = +(1.899635 + 1.899635) % Flow
einput6B = +3.799270% Flow
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11.6.2.2.10 Non-Random Error (fe6A, Ye6B)

From Reference 3.3 the non-random error is the algebraic sum
of all the above terms. 1In addition, all terms except
einput6A and einputéB are in % CS and must be multiplied by
125/100 to convert to % Flow.

ZebA = +(125/100) * (e6AH + e6AT + e6AR + e6AS + e6ASP
+ €6AP + e6Ap + ebAV) + einput6A% Flow

Te6A = +(125/100)*(0 + O + O + 0 + O + O + 0 + O) +
1.899635 % Flow

Ze6A = +1.899635% Flow

And

2eb6B = +(125/100) * (e6AH + e6AT + e6AR + e6AS + e6ASP
+ e€6AP + e6Ap + e6AV) + einputé6B% Flow

Le6B = +(125/100)*(0 + 0 + 0 + O + O + O + 0 + 0) +
3.799270 % Flow

2e6B = +3.799270% Flow
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12.0 INSTRUMENT CHANNEIL TOTAL ERRORS

From Reference 3.3 total instrument error is determined by the
following equation:

Total Loop Error - Normal Conditions (Ten)
Ten = +(20 + Zen)

For this calculation there are eight different groups of Ten |
terms. These terms are listed below:

Tenap, TeNupayy - APRM Flow Biased Trips, Two Loop
TeNprpsror T€Narg (avysio - APRM Flow Biased Trips, Single Loop
Ten,, TeNypnyy - APRM Fixed High Power Trips

TeNgprs, TeNgezayy - RBM Flow Biased Trips

Tengy, TeNgpny, - RBM Fixed Trip

TeNgeyy, TeNgpyaayy - Recirculation Flow Monitor - Upscale
Tengeye, TeNgemenyy - Recirculation Flow Monitor - Comparator
TeNpep, TeNMpprpayy - APRM Fixed Low Power Trips

The above terms with an vy Subscript have had the error terms
associated with the process removed and will, therefore, be used
in the Allowable Value calculations. The terms without the (AV)
subscript are used in the Analytical Limit calculations.

12.1 APRM Flow Biased Trips

Ten,r, and Teng,,, are made up of the uncertainty terms from the
APRM Flow Biased Trip Module 4D. These uncertainty terms include
both the uncertainties associated with the APRM neutron signal
and the Recirculation Flow Monitor.

12.1.1 Two Loop Operation (Ten,, Ten,sayy) - Using errors from
Sections 11.4.4.1.6.1 and 11.4.4.2.10.1 for TLO, the errors are

(2 * 04D + Te4D)

Ten,e, = +
+(2 * 2.743466 + 1.626207)

Ten,qq

i

Ten,, = +7.113139 % Power
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And the AV total error for TLO is determined as

TeNymuy, = +(204D,, + ¥e4D,,)
TeNuysavyy = £(2*%2.380057 + 0.806207)
Tenumnayy = +5.566321% Power
12.1.2 Single Loop Operation (Ten,g, TeNupnyy) - Using errors from

12.

12.

Sections 11.4.4.1.6.2 and 11.4.4.2.10.2 for SLO, the error is

Tenymeo =
Tenymeo =

(2 * 04Dy, + TedDgy,)
(2 * 2.642756 + 1.536982)

+ i+

TeNppeo = +6.822494 % Power
And the AV total error for SLO is determined as

TeNnps avysio = (2 * 04Dpys0 + 2€4Dpye0)
TeNursavysio = +(2 * 2.330580 + 0.716982)

Tenyem avisro = +5.378142% Power
APRM Fixed Trips - Ten,, Tens v

Ten,, and Ten,.,, are made up of the uncertainty terms from APRM
Fixed Trip Module 4C. From Sections 11.4.3.1.6 and 11.4.3.2.10:

Ten,y = +(204C + $e4C)% Power
Ten,, = +(2%2.435639 + 0.82)% Power
Ten,, = +5.691278% Power

And
TeNyeyy = +(204C,, + Ze4C,,) % Power
Tenyp iy = £(2*¥2.133079 + 0)% Power
Tena,pnyy = +4.266158% Power

RBM Flow Biased Trips - Teng,, Tengeg (av)

Teng, and Tengey,, are made up of the uncertainty terms from the RBM
Flow Biased Trip Module 5C. These uncertainty terms include both the
uncertainties associated with the RBM neutron signal and the

Recirculation Flow Monitor. From Sections 11.5.3.1.6 and 11.5.3.2.10:

Tengmy = +(205C + Ze5C)% Power
Tengys = +(2%2.874811 + 1.672412)% Power
Teng,y = +7.422034% Power

And
TeNgrayy = +£(205C,, + ZebC,,) % Power
TeNpepayy = +(2*%2.404668 + 0.852412)% Power
TenNgep av) +5.661747% Power
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12.4 RBM Fixed Trip - Tengs, TeNgr (av)

Tengr and Tengry, are made up of the uncertainty terms from RBM

Fixed Trip Module 5B. From Sections 11.5.2.1.6 and 11.5.2.2.10:

Teng: = +(205B + ZeB5B)% Power
Teng, = +(2*2.316113 + 0.82) % Power

Teng, = +5.452226% Power

And
Tengravy = +(205Byy + ZebB,) % Power
TeNprayy = +(2%¥2.129873 + 0)% Power
TeNgrayy = +4.259745% Power
12.5 Recirculation Flow Monitor - Upscale - TeNgmy, TeNgemyay

Tenpmy and TeNgewyayy are made up of the uncertainty terms from
Recirculation Flow Monitor 3A. From Sections 11.3.3.1.6 and
11.3.3.2.10:

Tengey = +(203A + Ze3d) % Flow

TeNgeyy = +(2%2.92796 + 1.274635)% Flow

Tengmy = +7.130555% Flow

And
TenNppmyayy = + (2037, + Ze3d) % Flow
TeNgrpav)y = +(2*%2.207804 + 1.274635) % Flow
Tengmuavy = +5.690244% Flow

Note that for the RFM loops there were no non-random terms
associated with the process. Therefore, the non-random term
Ze3A is applicable to both the AL and AV total error terms.

12.6 Recirculation Flow Monitor - Upscale - Comparator - TenNgme,
Tengeme (av)

TeNgme and Tengmenyy are made up of the uncertainty terms from
Recirculation Flow Monitor 3B. From Sections 11.3.3.1.6 and
11.3.3.2.10:
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12.

Telpme = +(203B + Te3B)% Flow

It

Tengme +(2*%2.756468 + 2.54927)% Flow

Per Section 4.9 the process variables have already been removed
from the uncertainty terms for the comparator trip. Therefore,

TenRFMc(Av) = TenRFMC = i8 . 062206% FlOW
APRM Fixed Low Power Trips - TeNamp, T€Narpav)
Tenypp and Tenappayy are made up of the uncertainty terms from
APRM Fixed Trip Module 4C;,. From Sections 11.4.3.1.6 and
11.4.3.2.10:

TeNppp = +(204C,, + £e4Cip) % Power

Tenarpr = +(2%¥2.150421 + 0.33)% Power

Tenpmpy = +4.630842% Power
For the Allowable Value calculation the uncertainties for the
fixed low power trips are the same as for the fixed high power

trip. Therefore,

TeNprp vy = TenMMN”}= +4.266158% Power

REVISION NO. 0 1




Exhibit E

NEP-12-02
Revision g¢.
COMMONWEALTH EDISON COMPANY 4
CALCULATION NO. I,-001345 PAGE 153 of 191

13.0 ERROR ANALYSIS SUMMARY & CONCLUSIONS

The total uncertainties applicable to the ABR Flow Unit are
smaller than those associated with the GE Flow Unit. Therefore,
all calculations will be performed using those terms applicable
to the GE Flow Unit since the results will then be conservative
for operation using the ABB Flow Unit.

13.1 APRM Flow Biased Trips
The APRM Flow Biased Trips have a different total uncertainty
term for both single (Teng.,.,) and two (Ten,m,) recirculation loop
operation. This results from the difference in the flow biased
trip slope for the analytical limits in design input 4.14.

13.1.1 Simulated Thermal Power Upscale (Scram) - Two Loop Operation

Using the Reference 3.34 methodology, the nominal trip setpoint
for an upscale or increasing trip is determined as follows -

NTSP = AL - Ten
For this calculation this becomes:
NTSPgrp; = Algrp, - Telum
For software reasons the AL and NTSP are broken into two parts:
ALgrp, = FCSu*W + ALgrpoos
NTSPgrp, = FCSgp*W + NTSPgrpyos

Substituting the analytical limit from Design Input 4.14 and the
total uncertainty from Section 12.1.1 yields:

NTSPgp, = FCSg*W + (ALgrpyos - Ten,g, )
NTSPgrp, = 0.62W + (70.9 - 7.113139 )
NTSPgp, = 0.62W+63.786861%, rounded to 0.62W + 63.7 % Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.566321% Power) from Section 12.1.1.

AVgrp, = FCSgp*W + NTSPgrp, + Ten e ay

AVgp, = 0.62W + 63.786861 % Power + 5.566321

AVgmp, = 0.62W + 69.353182%, rounded to 0.62W + 69.3% Power
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13.1.2 Simulated Thermal Power Upscale (Scram) -Single Loop Operation

13.

Using the Reference 3.34 methodology, the nominal trip setpoint
for an upscale or increasing trip is determined as follows:

NTSP = AL - Ten
For this calculation this becomes:
NTSPgrp; = ALgrp; - Telagg
For software reasons the AL and NTSP are broken into two parts:
ALgrpy = FCSgp*W + ALgrpios
NTSPgpp, = FCS.*W + NTSPurpos

Substituting the analytical limit from Design Input 4.14 and the
total uncertainty from Section 12.1.2 yields:

NTSPgrp, = FCSgp*W + Algrpios - Te€Nug % Power

NTSPgp, = 0.55W + 58.33 - 6.822494 % Power

il

NTSPgpp; = 0.55W+51.507506%, rounded to 0.55W + 51.5 % Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.378142% Power) from Section 12.1.2.

AVgrp, = FCSgp*W + NTSPgrpios + Te€Nppayy % Power
AVgpp, = 0.55W + 51.507506 + 5.378142 % Power

AVgp, = 0.55W + 56.885648%, rounded to 0.55W + 56.8%

.3 Simulated Thermal Power Upscale (Rod Block) -Two Loop Operation

Using the Reference 3.34 methodology, the nominal trip setpoint
for an upscale or increasing trip is determined as follows:

NTSP = AL - Ten
For this calculation this becomes:

NTSPSTP2RE = ALSTP2RB - TenAFB
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For software reasons the AL and NTSP are broken into two parts:
ALgypops = FCSgp*W + ALgrporeos
NTSPgrpope = FCSgp*W + NTSPgrpoppos

Substituting the analytical limit from Design Input 4.14 and the
total uncertainty from Section 12.1.1 yields:

NTSPgrpors = FCSgp*W + Algrpppos = T€Napg
NTSPuppss = 0.62W + 59.47 - 7.113139

NTSPgrpors = 0.62W + 52.356861%, rounded to 0.62W + 52.3

oe

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.566321% Power) from Section 12.1.1.

AVgrpons = FCSg*W + NTSParprpsos + Tl au,

AVirpoms = 0.62W + 52.356861 + 5.566321

AVgrpps = 0.62W + 57.923182%, rounded to 0.62W + 57.9%
13.1.4 Simulated Thermal Power Upscale (Rod Block) - Single Loop

Using the Reference 3.34 methodology, the nominal trip setpoint
for an upscale or increasing trip is determined as follows:

NTSP = AL - Ten
For this calculation this becomes:
NTSPgrpirg = Algrpigs = Ty,
For software reasons the AL and NTSP are broken into two parts:
Algrpige = FCSgp*W + Algrpireos
NTSPgrpipg = FCSp*W + NTSPgrpirpos

Substituting the analytical limit from Design Input 4.14 and the
total uncertainty from Section 12.1.2 yields:

NTSPSTPlRB = FCSSP*W + ALSTPIRBOS - TenAFB
NTSPgrpie = 0.55W + 46.9 - 6.822494

NTSPgrpirs = 0.55W + 40.077506%, rounded to 0.55W + 40.0

oe
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In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.378142% Power) from Section 12.1.2.

AVirpirs = FCS*W + NTSPgrpippos + Tenys oy, % Power

AVgrpis = 0.55W + 40.077506 + 5.378142 % Power

AVgrpigs = 0.55W + 45.455648%, rounded to 0.55W + 45.4%
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13.2 APRM Fixed Trips

The APRM Fixed Trips are divided into two groups, High Power
Level Trips and Low Power Level Trips. The uncertainty terms for
these trips are Ten,, and Ten,p, respectively.

13.2.1 Neutron Flux High (Scram)

From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is =118% Power. For this
calculation this will be the starting point and the resulting
Analytical Limit will be calculated.
From Section 12.2 the total uncertainty for this function is
+5.691278% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten
For this calculation this becomes:

Alps = NTSP,; + Ten,, % Power

Alys = 118 + 5.691278 % Power

ALys = 123.691278% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.2.

AVys = NTSP., + Tenypyy % Power

AVps = 118 + 4.266158 % Power

AV 122.266158% power

13.2.2 Neutron Flux High - Setdown (Scram)

From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is <15% Power. For this
calculation this will be the starting point and the resulting
Analytical Limit will be calculated.

From Section 12.7 the total uncertainty for this function is
+4.630842% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten
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For this calculation this becomes:
Alipgg = NTSPpes + Ten,y,, % Power
Alpgs = 15 + 4.630842 % Power
Algs = 19.630842% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.7.

AVpgs = NTSPpgs + Tenyp .y, % Power
AVpge = 15 + 4.266158 % Power

19.266158% Power

AVFSS
These values for AL and AV will not support the existing Tech
Spec AV of <20 % Power. Therefore, the calculation will be
performed using the AL provided in Section 4.14 (and Reference
3.27) (=25 % Power).

For an upscale trip:

NTSP = AL - Ten

For this calculation:

NTSPpgey = Alpggy - Tenu,, % Power

NTSPpgqy = 25 - 4.630842 % Power

NTSPpeey = 20.369158% Power
From this a new AV can be calculated:
AVigey = NTSPrgey + Ten,pyy % Power
AVpgey = 20.369158 + 4.266158 % Power
AVigey = 24.635316% Power
13.2.3 Neutron Flux High - Setdown (Rod Block)
From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is s12% Power. For this

calculation this will be the starting point and the resulting
Analytical Limit will be calculated.
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From Section 12.7 the total uncertainty for this function is
+4.630842% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten
For this calculation this becomes:

Alggs = NTSPpys + Ten,,, % Power

Al 12 + 4.630842 % Power

Al 16.630842% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.7.

AVpps = NTSPpps + TeNuey, % Power
AVpipe = 12 + 4.266158 % Power

16.266158% Power

AVigg
These values for AL and AV will not support the existing Tech
Spec AV of =14 % Power. Therefore, the calculation will be
performed using the AL provided in Section 4.14 (and Reference
3.27) (=19 % Power).

For an upscale trip:

NTSP = AL - Ten
For this calculation:

NTSPrpey = Algpsy - Te€Numpe 3 Power

NTSPpeey = 19 - 4.630842 % Power

NTSPusey = 14.369158% Power

From this a new AV can be calculated:
AVipey = NTSPppgy + TeNum,y 5 Power
AVipew = 14.369158 + 4.266158 % Power

AVipey = 18.635316% Power
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13.2.4 Neutron Flux Downscale (Rod Block)

From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is =25% Power. For this
calculation this will be the starting point and the resulting
Analytical Limit will be calculated.
From Section 12.7 the total uncertainty for this function is
+4.630842% Power. From Reference 3.3 the relationship between
NTSP and AL for a downscale trip is:

AL = NTSP - Ten
For this calculation this becomes:

AL,; = NTSP,; - Ten,;, % Power

AL, = 5 - 4.630842 % Power

AL,s = 0.369158% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.7.

AV, = NTSP,, - Tenuzn,y, % Power
AV, = 5 - 4.266158 % Power

AV, 0.733842% Power

il

13.2.5 Neutron Flux High Flow Clamped - Two Loop Operation (Scram)
From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is <113.5% Power. For
this calculation this will be the starting point and the
resulting Analytical Limit will be calculated.
From Section 12.2 the total uncertainty for this function is
+5.691278% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten

For this calculation this becomes:

ALy = NTSPy.- + Ten,, % Power

AlLye = 113.5 + 5.691278 % Power
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ALy = 119.19128% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.2.

AVype = NTSPy. + Tenup,y % Power
AVipe = 113.5 + 4.266158 % Power
AVye = 117.766158% Power

13.2.6 Neutron Flux High Flow Clamped - Single Loop Operation
(Scram)

From Design Input 4.14, the revised Analytical Limit (AL)
resulting from Power Uprate for this function is 113.8% Power.
Using this and the total uncertainty for this function from
Section 12.2 of £5.691278% Power, the resulting Nominal Trip
Setpoint (NTSP) will be calculated. From Reference 3.34 the
relationship between NTSP and AL for an upscale trip is:

NTSP = AL - Ten
For this calculation this becomes:

NTSPyrcsro = Algpegro - T€N,, % Power

\

NTSPyrcsro= 113.8 % - 5.691278%
NTSPypcsio= 108.108722%, rounded to 108.1%

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.266158% Power) from Section 12.2.

AVipcsto = NTSPypesio + T€Nupayy, % Power

AVipego= 108.108722 + 4.266158 % Power

AVypesio= 112.37488 % Power, rounded to 112.3 % Power

REVISION NO. 0 2




Exhibit E

NEP-12-02
Revision 5
COMMONWEALTH EDISON COMPANY
CALCULATION NO. L-001345 PAGE 162 of 191

13.3 RBM Flow Biased Trips
The RBM Flow Biased Trips have the same total uncertainty term
(Tengep) whether in Two Recirculation Loop Operation or Single
Recirculation Loop Operation. This is because there are no
changes made to the method of operation of the Recirculation Flow
Monitor for either Single or Two Loop Operation. Therefore, the
error analysis for the RFM is the same.
13.3.1 Upscale Trip - Two Loop Operation

From Section 10.5 the existing Nominal Trip Setpoint (NTSP) for
this function is <0.66W + 45% Power. For this calculation this
will be the starting point and the resulting Analytical Limit
will be calculated.
From Section 12.3 the total uncertainty for this function is
+7.422034% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten
For this calculation this becomes:

Algpy, = NTSPrgy, + Teng
For software reasons the AL and NTSP are broken into two parts:

Algawy, = FCSpaysp) *W + Alggupos

NTSPuavz = FCSpamisey*W + NTSPamuos
Substituting and solving yields:

Algpwy = FCSppy(sp*W + NTSPrupos + Tengy % Power

Alppy, = 0.66W + 45 + 7.422034 % Power

ALpsy, = 0.66W + 52.422034 % Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.661747% Power) from Section 12.3.

AVpmy, = FCSppy(gp) *W + NTSPrausos + TeNgesayy % Power
AVigw, = 0.66W + 45 + 5.661747 % Power

AVigw, = 0.66W + 50.661747% Power
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13.3.2 Upscale Trip - Single Loop Operation
From Section 10.5 the existing Nominal Trip Setpoint (NTSP) for
this function is s0.66W + 39.7% Power. For this calculation this
will be the starting point and the resulting Analytical Limit
will be calculated.
From Section 12.3 the total uncertainty for this function is
+7.422034% Power. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:
AL = NTSP + Ten
For this calculation this becomes:
Aligpyy = NTSPppy; + Tengg,
For software reasons the AL and NTSP are broken into two parts:
Algany = FCSppy(sp) *W + Algguos
NTSPigwy = FCSpayse *W + NTSPpayios
Substituting and solving yields:
Alpgw; = FCSpgysp) *W + NTSPrgyios + TeNge 5 Power
Alpg = 0.66W + 39.7 + 7.422034 % Power
Alppy = 0.66W + 47.122034 % Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.661747% Power) from Section 12.3.

AVigy, = FCSpamspy *W + NTSPrpmios + TeNgppyy % Power
AVigy = 0.66W + 39.7 + 5.661747 % Power

AViowt 0.66W + 45.361747% Power
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13.4 RBM Downscale Trip

From Section 10.4 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is =5% Power. For this
calculation this will be the starting point and the resulting
Analytical Limit will be calculated.

From Section 12.4 the total uncertainty for this function is
+5.452226% Power. From Reference 3.3 the relationship between
NTSP and AL for a downscale trip is:

AL = NTSP - Ten

For this calculation thig becomes:

ALgpvps NTSPppps - Teng. % Power

Algmps = 5 - 5.452226 % Power

ALppps = ~0.452226% Power
In a similar fashion the current Allowable Value can be
calculated using the applicable uncertainty (4.259745% Power)
from Section 12.4. The starting point will be the current NTSP.

AVigwse = NTSPpgyps - Telgray, % Power

AVipmpse = 5 - 4.259745 % Power

AVigpse = 0.740255% Power
Since a negative power is not possible a new calculation will be
performed starting with AL equal to 0 (Section 4.14 and Reference
3.27) and determining a new NTSP.

NTSPpey = AL, + Teng % Power

NTSPpsy = 0 + 5.452226 % Power

NTSP,q = 5.452226% Power

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (4.259745% Power) from Section 12.4.
For ease of calibration, the new NTSP will be selected to be
5.5%, NTSPyypes, and this will be the starting point.

AViswps = NTSPrppes - Tengy nyy % Power

AVigps = 5.5 - 4.259745 % Power
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AVigwps = 1.240255% Power
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13.5 Recirculation Flow Monitor - Upscale
From Section 10.3 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is <108% Flow. For this
calculation this will be the starting point and the resulting
Analytical Limit (AL) will be calculated.
From Section 12.5 the total uncertainty for this function is
+7.130555% Flow. From Reference 3.3 the relationship between
NTSP and AL for an upscale trip is:

AL = NTSP + Ten

For this calculation this becomes:

ALRFMU = NTSPRFMU + TenRFMU % FlOW

ALz 108 + 7.130555 % Flow ’

Algny = 115.130555% Flow

Il

In a similar fashion the Allowable Value can be calculated using
the applicable uncertainty (5.690244% Flow) from Section 12.5. |

AVRFMU = NTSPRFMU + Teanu(Av) % FlOW
AVipyy = 108 + 5.690244 % Flow l

AVipg = 113.690244% Flow
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13.6 Recirculation Flow Monitor - Comparator

From Section 10.3 the existing Technical Specifications Nominal
Trip Setpoint (NTSP) for this function is <10% Flow. For this
calculation this will be the starting point and the resulting

Analytical Limit (AL) will be calculated.

From Section 12.6 the total uncertainty for this function is
+8.062206% Flow. From Reference 3.3 the relationship between

NTSP and AL for an upscale trip is:
AL = NTSP + Ten
For this calculation this becomes:

ALgne = NTSPrpye + Tehppye $ Flow

X

Algpe = 10 + 8.062206 % Flow

Algrye = 18.062206% Flow

Per Section 4.9 the process term has already been removed from

the uncertainty terms for the comparator trip.

AVipye = ALpme = 18.062206% Flow

Therefore,
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14.0 CONCLUSIONS

This calculation indicates that the following Nominal Trip Setpoints
and Allowable Values are acceptable except for the RBM Downscale Trip
function for which a new setpoint needed to be calculated. Use of the
setpoint values either validated or determined by this calculation
provides a high degree of confidence that the Allowable Values will
not be exceeded during normal operating conditions.

14.1 APRM Flow Biased Trips

14.1.1 Simulated Thermal Power Upscale (Scram) - Two Loop Operation
Analytical Limit: 0.62W + 70.9 % Power
Tech Spec AV: 0.62W + 69.3 % Power
Tech Spec NTSP: 0.62W + 63.7 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive

flow, the nominal setpoint should be set at least 0.04 Vdc below the
corresponding Tech Spec NTSP with a tolerance of +/- 0.04 Vdc. For example,
with an 80% drive flow, the Tech Spec NTSP is 113.3% (0.62*80 +63.7). Since
113.3% on a 125% scale corresponds to 9.064 Vdc on a 10 Vdc scale
[10Vdc*113.3%/125%), a setpoint of 9.020 +/- 0.04 Vdc is recommended for 80%
drive flow.

14.1.2 Simulated Thermal Power Upscale (Scram) Single Loop Operation
Analytical Limit: 0.55W + 58.33 % Power
Tech Spec AV: 0.55W + 56.8 % Power
Tech Spec NTSP: 0.55W + 51.5 % Power

Calibration getpoint: Since the setpoint is calibrated at aspecific drive
flow, the nominal setpoint should be set at least 0.04 Vdc below the
corresponding Tech Spec NTSP with an tolerance of +/- 0.04 Vdec. For
example, with an 80% drive flow, the Tech Spec NTSP is 95.5% (0.55%80
+51.5). Since 95.5% on a 125% scale corresponds to 7.640 Vdc on a 10 Vdc
scale [10Vdc*95.5%/125%], a setpoint of 7.600 +/- 0.04 Vdc is recommended
for 80% drive flow.

14.1.3 Simulated Thermal Power Upscale (Rod Block) Two Loop Operation
Analytical Limit: 0.62W + 59.47 % Power
Tech Spec AV: 0.62W + 57.9 % Power
Tech Spec NTSP: 0.62W + 52.3 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive
flow, the nominal setpoint should be set at least 0.04 Vdc below the
corresponding Tech Spec NTSP with a tolerance of +/- 0.04 Vdc. For example,
with an 80% drive flow, the Tech Spec NTSP is 101.9% (0.62*%80 +52.3). Since
101.9% on a 125% scale corresponds to 8.152 Vdc on a 10 Vdc scale
[10Vdc*101.9%/125%], a setpoint of 8.110 +/- 0.04 Vdc is recommended for 80%
drive flow.

[\
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14.1.4

14.2 APRM

14.2.1

Reference 3.27 requested that these values be
two Analytical Limits,

this

however, that there is positive margin between the
and 124.2 %

14.2.2

justify the use of a new AL of 124.2 % Power.
Neutron Flux High - Setdown (Scram)
Tech Spec NTSP: 15 % Power
Tech Spec AV: 20 % Power
Calculated AV: 19.27 % Power
Calculated AL: 19.63 % Power

Simulated Thermal Power Upscale (Rod Block) Single Loop

Operation

Analytical Limit: 0.55W + 46.9 % Power
Tech Spec AV: 0.55W + 45.4 % Power
Tech Spec NTSP: 0.55W + 40 % Power

Calibration setpoint: Since the setpoint is calibrated at a
specific drive flow, the nominal setpoint should be set at least
0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance
of +/- 0.04 Vdc. For example, with an 80% drive flow, the Tech
Spec NTSP is 84.0% (0.55%80 +40.0). Since 84.0% on a 125% scale
corresponds to 6.720 Vdc on a 10 Vdc scale [10Vdc*84.0%/125%], a
setpoint of 6.680 +/- 0.04 Vdc is recommended for 80% drive
flow.

FPixed Trips

Neutron Flux High (Scram)

Tech Spec NTSP: 118 % Power
Tech Spec AV: 120 % Power
Calculated AV: 122.27 % Power
Calculated AL: 123.69 % Power

evaluated against

As shown above

It does show,
calculated AL
The Reload Analysis must be changed to

122.4 and 124.2 % Power.
calculation will not support an AL of 122.4.

Power.
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Al,: 25 % Power

(from Ref. 3.27)

Calculated NTSP:
(from Ref. 3.27 AL)

20.37 % Power

Calculated AV:
(from Ref. 3.27 AL)

24 .64 % Power

)

This calculation shows that an AL as low as approximately 20.5 %
Power would support the existing Tech Spec NTSP and AV. However,
using an AL of 25 % Power gives a positive margin of more than 4
% Power between the existing AV and the AV calculated from an AL

of 25 % Power.

14.2.3 Neutron Flux High - Setdown (Rod Block)
Tech Spec NTSP: 12 % Power
Tech Spec AV: 14 % Power
Calculated AV: 16.27 % Power
Calculated AL: 16.63 % Power
Al: 19 % Power
(from Ref. 3.27)
Calculated NTSP: 14.37 % Power
(from Ref. 3.27 AL)
Calculated AV: 18.64 % Power
(from Ref. 3.27 AL)
This calculation shows that the existing Tech Spec NTSP and AV
are supported by an AL of 16.63 % Power. Therefore, there is
greater than 2 % Power positive margin between the calculated AL
and that proposed in Reference 3.27.
14.2.4 Neutron Flux Downscale (Rod Block)
Tech Spec NTSP: 5 % Power
Tech Spec AV: 3 % Power
Calculated AV: 0.73 % Power
Calculated AL: 0.37 % Power

Reference 3.27 proposed an AL of 0% Power for this function.
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This calculation shows that there is a 0.37 % Power positive
margin between the this and the calculated AL.
14.2.5 Neutron Flux High Flow Clamped - Two Loop Operation (Scram)
Tech Spec NTSP: 113.5 % Power
Tech Spec AV: 115.5 % Power
Calculated AV: 117.77 % Power
Calculated AL: 119.19 % Power

Reference 3.27 requests that these results be evaluated against ALs of
115.5% Power and 119.5% Power. As shown above this calculation will
not support an AL of 115.5. However, there is a positive margin of
about 0.3% Power between the calculated AL and the 119.5% Power value
proposed by Reference 3.27. The Reload Analysis must be changed to
justify the use of a new AL of 119.5 % Power.

14.2.6 Neutron Flux High Flow Clamped-Single Loop Operation (Scram)
Analytical Limit: 113.8 %
Tech Spec NTSP: 108.1 %
Tech Spec AV: 112.3 %

The calibration setpoint should be at least 0.04 Vdc below the Tech
Spec NTSP with a tolerance of +/- 0.04 Vdc. Since 108.1% on a 125%
scale corresponds with 8.648 Vdc on a 10 Vdc scale,
[10Vdc*108.1%/125%], a setpoint of 8.600 +/- 0.04 Vdc is recommended.

14.3 RBM Flow Biased Trips

14.3.1 Upscale Trip - Two Loop Operation
Tech Spec NTSP: 0.66W + 45 % Power
Tech Spec AV: 0.66W + 48 % Power
Calculated AV: 0.66W + 50.66 % Power
Calculated AL: 0.66W + 52.42 % Power

This shows a positive margin of over 2.5 % Power between the
calculated AV and Tech Spec AV for the current NTSP, and a positive
margin of over 1.5 % Power between the calculated AL and the calculated
AV. From Reference 3.27, current LaSalle transient analyses do not take

credit for this AL. Therefore, this calculated AL is considered

acceptable.

14.3.2 Upscale Trip - Single Loop Operation
Tech Spec NTSP: 0.66W + 39.7 % Power
Tech Spec AV: 0.66W + 42.7 % Power
Calculated AV: 0.66W + 45.36 % Power
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Calculated AL: 0.66W + 47.12 % Power

This shows a positive margin of over 2.5 % Power between the
calculated AV and Tech Spec AV for the current NTSP, and a
positive margin of over 1.5 % Power between the calculated
AL and the calculated AV. From Reference 3.27, current
LaSalle transient analyses do not take credit for this AL.
Therefore, this calculated AL is considered acceptable.

14.4 RBM Downscale Trip

Tech Spec NTSP: 5 % Power
Tech Spec AV: 3 % Power
Calculated AL: -0.452226 % Power
AL: 0 % Power

(from Ref. 3.27)

Calculated NTSP: 5.45 % Power
(from Ref. 3.27 AL)

Selected NTSP: 5.50 % Power
(from Section 13.4)

Calculated AV: 1.24 % Power
(from Ref. 3.27 AL and selected setpoint)

The present procedural setpoint for this function is 0.404 Vdc
which is equivalent to 5.05% Power. Therefore, this should be
changed to at least 5.5% Power in order to be compatible with the
uncertainties evaluated in this calculation (Section 13.4).

14.5 Recirculation Flow Monitor - Upscale

Tech Spec NTSP: 108 % Flow
Tech Spec AV: 111 % Flow
Calculated AV: 113.69 % Flow
Calculated AL: 115.13 % Flow

Reference 3.27 requested that these values be evaluated against
an AL of 116% Flow. As the calculation shows there is a positive
margin of about 0.87% Flow between the calculated AL and that of |
Reference 3.27.
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14.6 Recirculation Flow Monitor - Comparator

Tech Spec NTSP: 10 % Flow
Tech Spec AV: 11 % Flow
Calculated AV: 18.06 % Flow
Calculated AL: 18.06 % Flow

Reference 3.27 requested that these values be evaluated against
an AL of 19% Flow. This calculation indicates that there is
positive margin between the calculated AL and the value from

Reference 3.27.

14.7 From References 3.5.s and 3.5.t, the required accuracy for the
pneumatic calibrator is specified as #2.0" W.C. For the normal
CLemperatures involved in the Reactor Building, i.e., up to 118
°F, the calculated accuracy of the Wallace and Tiernan pneumatic
calibrator exceeds this value (Section 9.2). Therefore,
calibration procedures should be revised to indicate the
increased uncertainty or to limit the ambient temperature allowed

during calibration.

14.8 In accordance with Design Input 10.3, the recirculation flow
monitor upscale trip setpoint calibration tolerance shall not
exceed x0.1 Vdc and the recirculation flow monitor comparator
trip setpoint calibration tolerance shall not exceed +0.08 Vdc.

the
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15.0 CALCULATION SPREADSHEET
Symbol Formula or Input Value Value Units
RALg 1 1 % CS
CSpr ) 247.4 247.4 “WC
CSyr ax) 448.7 448.7 “WC
CSpp CSpr 247.4 “WC
URpr 750 750 “WC
URpy (cs) URpr/CSpr 3.031528 |cCs
RA1 0.25 0.25 % CS
CALTEMP,, | 60 60 °F
MAXTEMP,, |[118 118 °F
elT (0.5*URgq(cs; + 0.5)* (MAXTEMP,, - 1.169143 % CS
CALTEMP,,) /100
RA1 ., RAl/2 0.125 % CS
RDpp 0.2 0.2 % UR/
30 mo
RD1 URgr(cs) *RDpp 0.606306 % CS
RD1 RD1/2 0.303153 % CS
PSEqr 0.005 0.005 3CS/V
AV 0.5 vdc 0.5 vdc
SPZEpr 0.25 0.25 sUR/200
0 PSI
SPZEsr (1) (SPZEg;/2) * (STAPRy;/2000) * (URpp/CSpy) 0.194207 % CS
STAPR,., 1025 1025 PSI
SPSE;, 0.25 0.25 %$CS/100
0 PSI
SPSEprs | SPSE/2 0.125 $ CS
SEpp 0.25 0.25 % UR
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SErr(cs) URpr(cs) * SEpe 0.757882 % CS
CSer(our) 16 16 mvVdc
RAMTE1 ., 2.149835 2.149835 Y WC
REMTE1,, 0 0 Y WC
RAMTE2 ., 0.034961 0.034961 mVdc
REMTE2 0 0 mvdc
MTE1. ((RAMTE1g/1)? + REMTE1..?)%® 2.149835 Y WC
MTEL (s (MTE1po/CSep) *100 0.868971 % CS
MTE2 ((RAMTE2.,/1)? + REMTEZ2,.%)°° 0.034961 mvVdc
MTE2 cs) (MTE2¢/CSprour ) *100 0.218506 % CS
CAL1,, (MTELpp(cs)® + MTE2.06,%) 00 0.896022 % CS
STer 1 0.5 0.5 Y WC
STer (1 cs) | (STerimy/CSpr) *100 0.202102 % CS
STer(our) 0.08 0.08 mvdc
STeriour) (cs) | (STeriovr)/CSrriour; ) *100 0.500000 $ CS
ST1 1 [ (ST cs)/3)% + (STeriour) (cs) /3) 2107 0.179767 % CS
oinputl 2.5 2.5 % CS
oinputl, 0 0 % CS
ol [(RAl ;)% + (RD1,,,)% + (CALlp)? + 2.691847 % CS

(ST1(15))? +(SPSEpr(15)) % + (SPZEppo))> +

(oinputl)?]°>
ol [ (RA )2 + (RD1 )2 + (CALlgy)? + 0.998018 % CS

(STl ) + (SPSEp (1)) % + (SPZEi1,,) 2 +

(01nput1 21958
elH 0 0 % CS
elR 0 0 % CS
els 0 0 % CS
elSPp 0 0 % CS
elP 0 0 % CS
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elp 0 0 % CS
elv PSE o *AV,, 0.002500 % CS
einputl 0 0 % CS
Zel elH + elT + elR + elS + elSP + elP + 1.171643 % Cs
elp + elV + einputl
RA2 0 0 % CSs
RA2 ,,, RA2/2 0 % CS
RD2 0 0 % CS
RD2 ,,, RD2/2 0 % CS
RAMTE1, 0.017205 0.017205 mvVdc
REMTE1, 0 0 mvdc
RAMTEZ2, 0.001803 0.001803 Vdc
REMTE2g, 0 0 Vdc
MTE1, ((RAMTE1lg;/1)? + REMTE1g.?)°-S 0.017205 mvdc
MTEL g cs) (MTELgq (our) / CSsr (oury ) *100 0.089610 % CS
CSer our) 10 10 Vdc
OPg, 6 6 Vdc
MTElgr ooy | (3.125*MTElg,) /OPg, 0.008961 Vdc
MTE2, ((RAMTE2g,/n)? + REMTE2g.?)°5 0.001803 Vdc
MTE2g (cs) (MTE2g,/ CSgg oury ) ¥100 0.018030 % CS
CAL2, ((MTElgyes))? + (MTE2gg sy ) 2) 05 0.091406 % CsS
STer 1x) 0.05 0.05 mVdc
STer (our) 0.025 0.025 vdc
STsr(m (oomy | (3.125%STg 1y,) /OPg, 0.026042 Vdc
STer (1) (cs) (STsr (1) (our) / CSsr (our) ) 100 0.260420 % CS
STsz oum) (cs) | (STer (oum) / CSer 0w ) *100 0.250000 % CS
ST2 1, ((8Tspim (c)/3)% + (STegour) (cs)/3) 2) 0 0.120332 % CS
01y (01/100) *CSpr ium) 0.430696 mVdc
0 lyve (01:/100) *CSproum) 0.159683 mvVdc
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ocinput2, (3.125%01,,) /OPg 0.224321 Vdc
oinput2y. | (3.125%01,,.) /OPg 0.083168 vdc
oinput2 (oinput2,/CSg oy ) *100 2.243210 % CS
cinput2, (oinput2y./CSg our)) *100 0.831680 % CS
o2 [(RA2,,))? + (RD2,,)2 + (CAL2)2 + 2.248294 % CS
(ST2;,)? + (oinput2)?]°5
02, [(RA2(15))% + (RD23,)% + (CAL2)? + 0.845297 % CS
(ST21,)) % + (oinput2_)?]°-5
Tely (2e1/100) *CSpy oo 0.187463 mvdc
einput2, (3.125%%el,,) /0Py 0.097637 Vdc
einput2 (einput2,/CSg ur ) ¥100 0.976370 % Cs
Te2 einput?2 0.976370 % CS
RA3 2 2 % CS
RA3 1, RA3/2 1 % CS
RD3 1.25 1.25 % CS
RD3,,,, RD3/2 0.625 % CS
RAMTE1lg, |0.001803 0.001803 Vdc
REMTElg, |0 0 Vdc
MTE1 gy, (RAMTE1lgy,/n)? + REMTE1lgy,?] °® 0.001803 Vdc
MTElgumcs) | (MTE1gpy/CSggour) ¥100 0.018030 % CS
MTE2gpm(cs) | MTE gy cs) 0.018030 % CS
CAL3 gy [ (MTElguy(cs)) ® + (MTE2gyycs;) 21°° 0.025498 % CS
STsum () 0.01 0.01 Vdc
STeumour) 0.01 0.01 Vdc
CSsomioum) 10 10 Vde
STsmm (cs) | (STsomezm / CSsumioun ) ¥100 0.100000 % CS
)STSUM(OUT) s | (STsumeour) / CSsumioumy ) ¥100 0.100000 % CS
ST3 (14 [ (STstmimm) (cs1/3)% +  (STsumiour (cs)/3) 2105 0.047140 % CS
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Vaum(m 7.66 7.66 vdc
Vaum our) 8 8 vdc
Geon Veom oury / Ve (1) 1.044386 v/v
o2, 02% (Ggyu/2) 1.174043 % CS
025c 02:* (Gaum/2) 0.441408 % CS
oinput3 [(02,)% + (02,)2)095 1.660348 % CS
oinput 3, [(02;50)2 + (02,.)2]¢5 0.624245 ¥ CS
o3 (125/100)*[ (RA335)) % + (RD3,)2 + (CAL3)2 + 2.546521 % Flow

(8T315p)% + (ocinput3)?]°s
o3¢ (125/100) * [ (RA3(15,)2 + (RD3(1,)? + (CAL3gp)? + 1.669197 % Flow

(8T3(15)°% + (cinput3.)?2]0s
einput3 Le2, + Ze2, 1.019708 % CS
Te2, 2e2%* (Gguy/2) 0.509854 % Cs
tel3 (125/100) * (einput3) 1.274635 % Flow
RA3A 1 1 % CS
RA3A 1, +ROUND[ (RA3A/2)*(125/100) ,6] 0.625 % Flow
RD3A 1 1 % CS
RD3AT RD4CT 700 HRS
RD3ATSI 13 13 Weeks
RD3A (5E3A/2)*(125/100)*[(1.25*RD3ATSI*168)/RD3AT 1.234276 % Flow

1o
RAMTE1,, RAMTE 14, 0.001803 Vdc
REMTE1., REMTE 14y, 0 vdc
MTE1,, [ (RAMTE1,,/1)2 + REMTE1,,%]°5 0.001803 vdc
SPAN, 10 10 vdc
MTEL,, (pr) (MTE1,,/SPANgy,) *125 0.022538 % Flow
CAL3A MTELsxppy 0.022538 % Flow
ST3AA 0.1 0.1 vdc
ST3AA [ (ST3AA/SPANg,,) *125]/3 0.416667 % Flow
ST3AB 0.08 0.08 Vde
ST3AB 1, [ (ST3AB/SPANgy) *125]/3 0.333333 % Flow
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oinput3A | o3 2.546521 % Flow
oinput3A, | 03- 1.669197 % Flow
v
oinput3B | (032 + 03.5)°%° 2.360601 % Flow
o3A [(RA3A(1,,)° + (RD3A.,)° + (CAL3A)? + 2.927960 % Flow
(ST3AA1,,)° + (oinput3A)?]°®
03B [(RA3A,)° + (RD3A,,)° + (CAL3A)® + 2.756468 | % Flow
(ST3AB;,)° + (ocinput3B)?]°%®
03RAny [(RA3A; ;)" + (RD3A,,)° + (CAL3A)? + 2.207804 % Flow
(ST3AA1,))° + (ocinput3d,,)?]1°*
einput3A | Ze3 1.274635 % Flow
einput3B |fe3 + Ze3 2.54927 % Flow
Ze3A einput3A 1.274635 % Flow
zZe3B einput3B 2.54927 % Flow
RA4A 1 1 % Power
RA4A 1, RA4A/2 0.5 % Power
RD4A 1 1 % Power
RD4AT 700 700 HRS
RD4ATSI 700 700 HRS
RD4A (RD4A/2) (1250/700)°° 0.5 % Power
RV4ACURS |10 10 Vdc
RA4 A 0.005 0.005 Vdc
RAMTELl.yp | (RA4Ayq/RV4AACURS) *100 0.05 % CS
MM
RAMTE2,,, | RAMTEL 5 o 0.05 % CS
MM
RAMTELl, . |1 1 % CS
URS)
MTE1,, [(RAMTE14A(DMM)2/1)2 + (RAMTE14A(CU§S)O/S2)2 + |0.502494 % CS
(REMTELys naq)) © + (REMTELa cursy) "1
REMTEl,,, | O 0 % CS
MM} 7
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REMTEl,, | O 0 % CS
URS)
REMTE2,,, | O 0 % CS
MM)
MTE2,, (RAMTE2, oy ) + (REMTE2,, ) ) 2 0.05 % CS
CAL4A [ (MTE1,,)% + (MTEZ2,,)?%]°® 0.504975 % CS
STA4R RAMTEL  pay 0.05 % Cs
ST4Ars RAMTEL , (curs) 1 % CS
ST4A { [ (ST4Ryy,) * 2/3)]2 (ST4Acrs/3) % + 0.336650 |% Cs
[ (ST4Ap) *(2/3)]2}05
SSLy 0.33 0.33 % Power
SNLy 0.49 0.49 % Power
SSLy 0.20 0.2 % Power
SNL, 1 1 % Power
PEA,, (5 SSLy + SNL; 0.82 % Power
LPR ROUND (15/100,6) 0.15 $/%
PEA,; 1) SSLy 0.33 % Power
PEA,; x) [ (SSLg)? + (SNLg)?]0-® 1.019804 % Power
PEA 4 1er) PEA,, x) 1.019804 % Power
ocinput4a PEA,, (») 1.019804 % Power
ocinputdA; | PEA,, rpx) 1.019804 % Power
P
cinput4a, |0 0 % Power
v
einput4A | PEA,,q, 0.82 % Power
einput4A; | PEA,, s 0.33 % Power
P
einput4a, |0 0.000000 % Power
v
C4A [ (CAL4A)? + (ST4A,,)?]1°° 0.606904 % CS
04A,, [ (RA4A,))? + (RD4A,,)?]1°°® 0.707107 % Power
LedA 0 0 % Cs
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RA4B 0.8 0.8 % CS
RD4RB 0.5 0.5 % CS
RA4B RA4B/2 0.4 % CS
RD4B,,,, RD4B/2 0.25 % CS
Gapry 2.5 2.5 (None)
RAMTE1,, 0 0 % CS
REMTE1,, 0 0 % CS
RAMTE2,, 0 0 % CS
REMTE2,, 0 0 % CS
MTE1,; [ (RAMTE1,;/2)? + REMTE1,,%]°%5 0 % CS
MTE2,p [ (RAMTE2,;/2)? + REMTE2,%]°° 0 % CS
CAL4B [(MTE1,:)? + (MTE2,;)2]°°5 0 % CS
ST4B 0.02 0.02 (None)
ST4B, ST4B*100 2 % Power
ST4B, ST4B,* (100/125) /3 0.533333 % CS
TRAC 1.11 1.11 % Power
NN 2.0 2 % Power
PMA (TRAC? + NNZ2)°-5 2.287378 % Power
PMA,, PMA/2 1.143689 % Power
PMA., TRAC 1.11 % Power
PMAtg (10) PMA.5/ 2 0.555 % Power
PMA, , 0 0 % Power
PMA,, 0 0 % Power
N 14 14 LPRM
oinput4B. | (04A*G,.g,) /N°° 0.405505 % CS
S
oinputdB; | [(cinput4A)? + (04A,,)?]°5/N°5 0.331663 % Power
P
oinput4B, | [(cinputd4A;;)? + (04A,,)2]°%5/N°5 0.331663 % Power
P(LP)
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ocinput4B, | [(oinput4h,,)? + (04A,,)?]°5/N05 0.188982 % Power
v
C4BI [ (RR4B(1,))? + (RD4B,y,,)? + (CAL4B)? + 0.819377 % CS
(ST4B 1) % + (oinput4B.)?]°%5
O4BI,, 04BI*(125/100) 1.024221 |% Power
o4B [ (04BI;;)? + (oinputdB,,)? + (PMA,,)%]°%> |1.570686 % Power
04B,, [ (04BIy)2 + (0inputdB,,)? + (PMAga,)2]0" 1.211220 % Power
04B;, [(04BI.)? + (oinputdBy, g, )2 + (PMA,,)?]0S 1.076582 % Power
04B,y [ (04BI;)? + (oinputdB,,)? + (PMA,)?]°%5 1.041510 % Power
einput4B. | Guu*Ze4A 0 % CS
S
einput4B, |einput4A 0.82 % Power
p
einput4B; | einput4l,, 0.33 % Power
P (LP)
einput4B, | einput4A,, 0 % Power
v
ZedBqg einput4B. 0 % CS
ZedB Zed4Be* (125/100) + einput4B,, 0.82 % Power
TedB,, Te4Bqs* (125/100) + einput4dBg, ., 0.33 % Power
LedB,, ZedBy* (125/100) + einput4B,, 0 % Power
RA4C 1 1 % Cs
RA4C i, (RA4C/2)*(125/100) 0.625 % Power
RD4C 1 1 % CSs
RD4CT 700 700 HRS
RD4CTSI 26 26 weeks
RD4C 1, (RD4C/2) * (125/100) * [ (1.25*RD4CTSI*168 1.745530 % Power
) /RD4CT] %5
RAMTE1l,. |[0.000180 0.000180 |Vdc
REMTE1l,. |0 0 vde
MTE1,. [ (RAMTE1,./1)? + REMTE1,.%]°%° 0.000180 Vdc
MTE1 4 (pp) (MTE1,./SPAN, ;) *125 0.002250 |% Power
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SPAN4CIN 10 10 Vdc
CAL4C MTEL,c (o) 0.002250 % Power
ST4C 0.04 0.04 Vdc
ST4C 1, [ (ST4C/SPAN4CIN) *125] /3 0.166667 % Power
oinputd4cC c4B 1.570686 % Power
cinput4C; [ 04B.; 1.076582 % Power
P
oinputdC, | 04B,, 1.041510 % Power
\4
04C [(RA4C,))? + (RD4C.,,)? + (CAL4C)? + 2.435639 | % Power
(8T4C,))? + (oinput4c)?]°-s
04C;;p [ (RA4C,,,)% + (RD4C, )2 + (CAL4C)? + 2.150421 % Power
(ST4C 1)) % + (oinputaC,,)?]°®
04C,y [(RA4C;,))? + (RD4C.,,)? + (CAL4AC)? + 2.133079 % Power
(ST4C,,))? + (0oinputaC,,)?]°*
einput4C | re4B 0.82 % Power
einput4cC, | z2e4B,, 0.33 % Power
P
einput4C, | Ze4B,, 0 % Power
v
Ze4C einput4C 0.82 % Power
ZedCy, einput4C,, 0.33 % Power
LedC,y einput4C,, 0 % Power
RA4D 1 1 % CS
RA4D,, (RA4D/2)*(125/100) 0.625 % Power
RD4D 1 1 % CS
RD4DT 700 700 HRS
RD4DTSI 26 26 Weeks
RD4D (RD4D/2)* (125/100) *[ (1.25*RD4DTSI*168 [1.745530 % Power
) /RD4DT]°-®
RAMTE1,, |RAMTE1L,. 0.000180 |Vdc
REMTE1,, 0 0 Vdc
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MTE1,, (RAMTE1,,/1® + REMTEL,,?)°® 0.000180 | Vdc
MTEL,p pp) (MTE1,,/SPAN4CIN) *125 0.002250 |% Power
CAL4D MTEL,p pp) 0.002250 |% Power
ST4D 0.04 0.04 Vdc
ST4D g, [ (ST4D/SPAN4CIN) *125]/3 0.166667 | % Power
FCSeprio 0.62 0.62 % Pow/
% Flow
FCS FCS,, + [(0.04+0.04)/0.08]1/80 0.632500 % Pow/ %
Flow
oinput4D [04Bg* + (FCS*03)2]0° 2.015273 | % Power
cinput4D,, [04B,,° + (FCS*0g3.)?2]°° 1.483033 % Power
04D [(RA4D,,)% + (RD4D,,)? + (CAL4D)? + |2.743466 |$% Power
(ST4Dy,,)? + (oinput4D)?2]9°
04D,, [(RA4D,,)* + (RD4D,,)? + (CAL4D)? + |2.380057 |% Power
(ST4D,,)? + (oinput4dD,,)?]°s
einput4D ZedB + (FCS*ze3) 1.626207 % Power
einput4D,, |Ze4B,, + (FCS*ze3) 0.806207 | % Power
re4D einput4D 1.626207 % Power
£edD,, einput4D,, 0.806207 % Power
RASA 0.8 0.8 % CSs
RA5A .. 1 1 % Point
RASA 1, { (RABA/2)2 + 0.565685 |% CS
[(100/125) * (RASA,,./2)12}°5
RD5A 0.3 0.3 % CS
RD5A ., RD5A/2 0.15 % CS
RAMTE1, 0.000180 0.000180 Vdc
REMTE1,, 0 0 vdc
MTE1., [ (RAMTE1l,/1)? + REMTE1.?]?%° 0.000180 |Vdc
SPAN,, 10 10 vdc
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CAL5A (MTE1,,/SPAN,,) *100, 0.001800 % CS
STS5A 0.025 0.025 Vdc
ST5A (1, [ (ST5A/SPANgg,) *100]/3 0.083333 % CS
PMA 5y 1.11 1.11 % Power
PMA o (10, PMAgp,/ 2 0.555 % Power
PMAggy av) 0 0 % Power
Npsu 2 2 LPRM
Grem Gaprm 2.5 (None)
oinputbA, | (04A*Ggy,) / (N,,.)°%° 1.072865 % CS
s
oinputSA; [ [ (oinput4A)? + (04A,;) %1%/ (Npgy) °° 0.877497 % Power
P
oinput5a, | [(oinputd4A,,)?® + (04RA.;)2%]1%°/ (Negy) °° 0.500000 % Power
v
oinput5A. | cinput5A.(125/100) 1.341081 % Power
S(ppP)
oinput5A | [(ginput5Ag,)? + (0input5Acg pp)2]1%° 1.602653 % Power
oinput5A | [(ginput52a,,)? + (0input5Agg ) 21°%° 1.431258 % Power
AAV
05AI [(RA5A,,)? + (RDSA.,,)? + (CAL5A)2 + 0.591141 |% CS
(STSA(IU))Z]O.S
05AI,; 05AI* (125/100) 0.738926 % Power
05A [ (05AI;)? + (oinputbA)? + 1.850009 % Power
(PMPrgy (1)) 17+
058,y [ (05AI;;) *+ (0input5AA,,) 2+ (PMAggyay, ) 21°° | 1.610749 % Power
einputSA. | Ggy*ZedA 0 % CS
S
einput5A; | einput4a 0.82 % Power
P
einput53, | einput4l,, 0 % Power
A%
Ze5Ag einputSA 0 % CS
Ze5A Ze5A* (125/100) + einput5a,, 0.82 % Power
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ZebA,, Ze5A.* (125/100) + einput5a,, 0 % Power
RASB RA4C 1 % CS
RASB (RASB/2)* (125/100) 0.625 % Power
RD5R RD4C 1 % Cs
RD5BTSI 13 13 Weeks
RD5BT RD4CT 700 HRS
RD5B (RD5B/2) * (125/100) * [ (1.25*RD5BTSI*168 1.234276 % Power
) /RD5BT] -5
RAMTE1l,, |RAMTE1,, 0.000180 |Vdc
REMTEl;, |REMTEL,. 0 Vde
MTE1., [ (RAMTE1.3/1)2? + REMTE1,,2]°5 0.000180 |vdc
MTELsg pp) (MTE1,,/SPAN4CIN) *125 0.002250 % Power
CALSB MTE1 5 pp) 0.002250 % Power
ST5B 0.04 0.04 vdc
ST5B 10, (ST5B/SPANACIN) *125] /3 0.166667 |% Power
oinput5B 05A 1.850009 % Power
cinput5B, | 05A,, 1.610749 % Power
v
0SB [ (RASB(,,,)? + (RD5B,,,)2 + (CALS5B)? 4+ 2.316113 |% Power
(ST5B1,) % + (oinput5B)?]0-5
05B,y [(RA5B,,)? + (RD5B,)? + (CALS5B)? + 2.129873 | % Power
(ST5B(y,,) % + (oinput5B,,)?]°*
einput5s5B febA 0.82 % Power
einput5B, | Ze53,, 0 % Power
v
Ze5B einputs5B 0.82 % Power
Zeb5B,y einput5B,, 0 % Power
RAS5C RA4D 1 % CS
RA5C 1, (RASC/2)*(125/100) 0.625 % Power
RD5C RD4D 1 % CS
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RD5CT RD4DT 700 HRS
RD5CTSI RD5SBTSI 13 Weeks
RD5C, 4, (RD5C/2)* (125/100) *[ (1.25*RD5CTSI*1 |1.234276 |% Power
68) /RD5CT]%-®
RAMTE1 .. 0.00018 0.000180 vdc
REMTEL.. 0 0 vdc
MTE1,. (RAMTE1../1)? + REMTE1..2]°5 0.000180 |Vvdc
MTELc ppy (MTE1../SPAN4CIN) *125 0.002250 |% Power
CALS5C MTELsc pp) 0.002250 |% Power
ST5C 0.04 0.04 vdc
ST5C 4, [ (ST5C/SPAN4CIN)*125]/3 0.166667 % Power
FCSmmsp) 0.66 0.66 % Pow/
% Flow
FCSpn FCSppmsey + [(0.04+0.03)/0.08]/100 0.668750 | %Pow/
Flow
cinput5C,, [05A,,° + (FCSpp*03.)2]1°%5 1.959740 | % Power
oinput5C [05A% + (FCSgmy*03)2]°° 2.514497 | % Power
05C (RA5C;,,) % + (RD5C,)?% + (CAL5C)? + 2.874811 |$% Power
(ST5C(1,,) % + (oinputs5C)?]°°®
05C,y [ (RASC,,,)? + (RD5C,)? + (CAL5C)? + 2.404668 | % Power
(ST5C 1, ) % + (0inputsC,,)?2]°°
einputsC Zeb5A + (FCSyz,*Ze3) 1.672412 % Power
einput5C,, |ZebA,, + (FCSy*Zel3) 0.852412 % Power
re5C einput5C 1.672412 % Power
rebC,, einputs5C,, 0.852412 % Power
Ten,gy 204D + xedD 7.113139 % Power
Tenges av 204D,, + TedD,, 5.566321 % Power
Ten, 204C + re4C 5.691278 % Power
Ten,e av 204C,;, + Te4C,, 4.266158 | % Power
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Tenyee 204C,, + TedCp, 4.630842 |% Power
Ten,ep Ten,p av 4.266158 % Power
TeNgey 205C + FeS5C 7.422034 % Power
Tengeg av) 205C,, + re5C,, 5.661747 % Power
Terng, 205B + Zze5B 5.452226 % Power
Tenge vy 205B,, + neb5B,, 4.259745 | % Power
TeNgpmy 203A + Ne3A 7.130555 % Flow
TeNgemy (av) 203A,, + Ze3A 5.690244 | % Flow
TenNgeue 203B + Ye3l3B 8.062206 % Flow
TenNgeue av) TeNgpye 8.062206 % Flow
ALgrpaos 70.9 70.9 % Power
NTSPgrpoos Aligrpros - Tenueg 63.786861 | 63.7
AVgrp, NTSPgrpo0s + T€Nppgav 69.353182 | 69.3
ALgrpios 58.33 58.33 % Power
NTSPgrpi0s ALgrpios - TeNagg 51.507506 | 51.5
AVgrp, NTSPgrpi0s + T€Nupgay 56.885648 | 56.8
ALgrporpos 59.47 59.47 % Power
NTSPgreormos Aligrpormos ~ T€Ilpg 52.36 52.3
AVgrporn NTSPsrporsos + T€Marsav) 57.923182 | 57.9
ALgrpirsos 46.9 46.90 % Power
NTSPgrpirnos ALgipirpos - T€Naps 40.077506 1 40.0
AVerpirs NTSPgrpirpos + T€Napsavy 45.4556 45.4
NTSPgg 118 118 % Power
AL NTSPFS + Ten,; 123.69127 | 5 Power
8
AV ¢ NTSPys + TenNupay 122.26615 | 3 Power
8
NTSP;gq 15 15 % Power
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Aliggg NTSPpgs + TenNppp 19.630842 | % Power
AVieg NTSPrgs + Tenug ay 19.266158 | % Power
Alipgon 25 25 % Power
NTSPpgen Alpgey - Tengpp 20.369158 | % Power
AViocen NTSPpgeny + TeNppay 24.635316 | % Power
NTSPgpg 12 12 % Power
Aligpe NTSPpgs + Telppp 16.630842 | % Power
AVigs NTSPpps + TeNup iy 16.266158 | % Power
Alippey 19 19 % Power
NTSPggen Alppey - TeNupp 14.369158 | % Power
AVipen NTSPppey + TeDupay 18.635316 | % Power
NTSP,g 5 5 % Power
Al NTSPps - Tenggp 0.369158 % Power
AV NTSPps - Tenupay 0.733842 % Power
NTSPypc 113.5 113.5 % Power
Aliypc NTSPype + Teny 119.19127 | % Power
8
AV NTSPype + TeNppay 117.76615 | % Power
8
NTSPgomzos 45 45 % Power
Alzpuzos NTSPramzos + TeNgeg 52.422034 | % Power
AVipus NTSPramzos + Te€Ngep (av) 50.661747 | % Power
NTSPgguios 39.7 39.7 % Power
Algmmios NTSPpgmios + TeNpes 47.122034 | % Power
AVign NTSPggmios + T€Ngeg ay 45.361747 | % Power
NTSPgpups 5 5 % Power
Al gpups NTSPpups - Telge -0.452226 |% Power
AT, 0 0 % Power
NTSPpey AL, + Teng 5.452226 % Power
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AVipuns NTSPimpss - TeNrpiay) 1.240255 % Power
NTSProwy 108 108 % Flow
ALpmvy NTSPppy + Tenppuy 215.13055 % Flow
AV NTSPpry + TeDramwav) 113.69024 |% Flow
4
NTSPremc 10 10 % Flow
ALgruc NTSPrpe + TeDppe 18.062206 | % Flow
AV ALgme 18.062206 |% Flow
RAG6 1 1 % CS
RAG6, RAG6/2 0.5 % CS
RD6 0.5 0.5 % CS
RD6., RD6/2 0.25 % CS
CAL6 CAL3gy 0.025498 % CS
ST6 (10 ST3 (1) 0.047140 |% CS
oinputé oinput3 1.660348 % CS
oinputé. oinput3. 0.624245 % CS
o6 (125/100) * [ (RA61,,)° + (RD6,1,,)° + 2.190936 |% Flow
(CAL6)° + (ST6(,)° + (oinputé6)?]®®
06, (125/100) * [ (RR614))% + (RD6,5.,)2 + 1.049594 % Flow
(CAL6)? + (ST6(14)% + (oinput6,)?2]0-°
e6T 0.5 0.5 % CS
einputé einput3 1.019708 % CS
Zeb (125/100) * (e6T + einputé) 1.899635 % Flow
RAGA 1 1 % CS
RAGA 4, (RAGA/2)*(125/100) 0.625 % Flow
RD6A 0 0 % CS
RD6A (RD6A/2)* (125/100) 0 % Flow
CAL6A CAL3A 0.022538 % Flow
ST6ARA ., ST3AA ., 0.416667 |% Flow
ST6AB 1., ST3AB,,, 0.333333 % Flow
REVISION NO. 0 1
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oinput6A G6 2.190936 % Flow
cinput 6B (062 + 06.2)°%° 1.484350 % Flow
O6A [(P\A6A(m))2 + (RD6A(1O))2 + (CAL6R)* + 2.316235 % Flow
(ST6A 1, )? + {(oinputbA)?}os®
6B [(RA6A1,,)? + (RD6A,,,)% + (CALERA)? + 1.644852 % Flow
(8T6A,,,,)? + (oinputéB)?]°°
einputén Te6 1.899635 % Flow
einputéB re6 + Te6 3.799270 % Flow
Te6hA einput6A 1.899635 % Flow
Te6B einputéB 3.799270 % Flow
AVaupsc NTSPeamps - T€Ngpav 0.740255 % Power
NTSPraupss 5.5 5.500000 % Power
FCSeapsro 0.55 0.55 $Pwr/%Flo
FCSg0 FCSgpero + [(0.04+0.04)/0.08]1/80 0.562500 $Pwr/%Flo
ginputdDg, [04Bm” + (FCSg0*03)2]%° 1.875867 % Power
Ginput4Dayero [04B,,* + (FCSgo*03c)2]0%5 1.402255 % Power
04Dg, [(RA4D,,,,)? + (RD4D,,,)? + (CAL4D)? + 2.642756 % Power
(ST4Dy,,) % + (oinputdDg,)?1°-S
04D,y500 [(RA4D,,,)? + (RD4D,,,)? + (CAL4D)? + 2.330580 % Power
(ST4D1,,)? + (oinputdD,ye,)?]1°°
einput4Dg,, Ze4B + (FCS*ze3) 1.536982 % Power
einput4D, .., LedB,, + (FCS*re3l3) 0.716982 % Power
TedDg, einput4Dg, 1.536982 % Power
%e4Daygro einput4D,yg, 0.716982 % Power
TeNrasio 204Dg, + TedDyy, 6.822494 % Power
Tenpmavero 204D510 + Ze4Duysro 5.378142 % Power
Alypcsio 113.8 113.8 % Power
NTSPypcso ALypesro - TN, 108.108722 | 108.1
AVypcsio NTSPuresro + T€Nriay) 112.374880 | 112.3
FINAL
REVISION NO. 0 2
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Purpose/Objective

In April 2001 both the Unit 1 and Unit 2 COLR were revised for the implementation of Improved
Technical Specifications. As part of that COLR change, the Rod Withdrawal Error accident was
analyzed assuming that the RBM would not cause a rod block, and it set a new value of the Trip
Setpoint (TS) and Allowable Value (AV) for the RBM flow biased setpoint.

This calculation will revise the setpoint calculation for the RBM flow biased trip to incorporate this new
information from the COLR.

Calculations

1. Revise section 3.5

3.5 LaSalle Station Procedures

Subsections e. and n. to read:

e. LIS-NR-105A, Rev. 12, “Unit 1 Rod Block Monitor Calibration.”
LIS-NR-105B, Rev. 10, “Unit 1 Rod Block Monitor Calibration.”
n. LIS-NR-205A, Rev. 5, ‘Unit 2 Rod Block Monitor Calibration.’

LIS-NR-205B, Rev. 5, ‘Unit 2 Rod Block Monitor Calibration.’

2. Revise section 3.7 to read as follows:

3.7 LaSalle Station Technical Specification Unit 1, Amendment No. 147, dated March 30,
2001 and Technical Specification Unit 2, Amendment No. 133, dated March 30, 2001

3. Revise section 3.15 to read as follows:
3.15  Technical Reference Manual LaSalle 1 and 2; Appendix I, Core Operating Limits

Report, LaSalle Unit 1 Cycle 9 dated May 2001, and Appendix J, Core Operating Limits
Report, LaSalle Unit 2 Cycle 9 dated August 2001 .

4. Revise section 3.34 to read as follows:

3.34  NES-EIC-20.04, Revision 3, “Analysis of Instrument Channel Setpoint Error and
Instrument Loop Accuracy.”

5. Add new reference

3.35 ER-AA-520, INSTRUMENT PERFORMANCE TRENDING, Revision 0
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6.

4.14

7.

10.5

Revise Section 4.14 and applicable table entrees as follows:
Analytical Limits and Allowable Values Inputs

From References 3.27 and 3.33, Analytical Limit inputs are provided for all non-flow
biased setpoints and the APRM Flow Biased Trip functions (flow biased and clamp).
Reference 3.15 provides the Allowable Values for the RBM Upscale Trips. There is
no Analytical Limit, as the rod block is not considered in the Rod Withdrawal Error
Analysis as stated in Reference 3.15. The information provided by References 3.15,
3.27, and 3.33 is summarized below:

Rod Block Monitor Trips

Bistable AL AV Reference

RBM Upscale (Rod Block), Two Recirc None 0.66W + 3.15
Loop Operation 54 %

*

RBM Upscale (Rod Block), Single Recirc None 0.66W + 3.15
Loop Operation 48.7%

*

* Clamped with the Allowable
Value not to exceed the AV
For recirculation loop flow W)
of 100%.
Revise section 10.5 for the Upscale setpoints as follows:
RBM Calibration

RBM Upscale (Two Recirculation Loop Operation)

Instrument Setpoint: 9.320Vdc (116.5%)

(100% Flow)

Allowable Range: 9.280 to 9.360 Vdc (£0.040 Vde)
Calibrated Trip Setpoint: <0.66W +50.5 % (116.5 %)
(Section 13.3.1)

Nominal Trip Setpoint: <0.66W + 51.0 % (117.0 %)
(Reference 3.15)

Tech Spec LCO: <0.66W + 54.0 % (120.0 %)
(Reference 3.15) Clamped < the AV for 100% Flow

Analytic Limit: None




NES-G-14.02
EffectiveDate:04/14/00
CALCULATION PAGE

CALCULATION NO. L-001345 REVISION NO. 2A PAGE NO.6OF 9

12.3

RBM Upscale (Single Recirculation Loop Operation)

Instrument Setpoint: 8.880 Vdc (111.0%)

(100% Flow)

Allowable Range: 8.840 to 8.920 Vdc (+£0.040 Vdc)
Calibration Trip Setpoint: <0.66W + 45.0 % (111.0%)
(Section 13.3.2)

Nominal Trip Setpoint: <0.66W + 45.7 % (111.7%)
(Reference 3.15)

Tech Spec LCO: <0.66W + 48.7% (114.7%)
(Reference 3.15) Clamped < the AV for 100% Flow
Analytic Limit: None

Revise section 12.3 and 12.4 as indicated below:

RBM Flow Biased Trips - Tenggg, Tengrpav,)

Tenggp and Tengppav) are made up of the uncertainty terms from the RBM F low
Biased Trip Module 5C. Because the RBM is not used in the COLR for accident or
transient analysis this setpoint is a Level 2 setpoint as defined in Reference 3.34
Appendix D, thus the uncertainty is computed as follows.

Tengrpp = £(65C + Ze5C)% Power [Ref 3.34]
TenRFB(Av) = :E(GSCAV + ZCSCA\/)% Power [Ref 3.34]

These uncertainty terms include both the uncertainties associated with the RBM
neutron signal and the Recirculation Flow Monitor. From Sections 11.5.3.1.6 and
11.5.3.2.10:

Tengpp = £(2.874811 + 1.672412)% Power
Tenggp = + 4.55 % Power

Tengrpav) = £(2.404668 + 0.852412)% Power
TenRFB(AV) = 3.26 % Power
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12.4 RBM Fixed Tl‘ip - TenRF, TCDRF(AV)

Because the RBM is not used in the COLR for accident or transient analysis this
setpoint is a Level 2 setpoint as defined in Reference 3.34 Appendix D, thus the
uncertainty is computed as follows:

Tengy = £(c5B + Ze5B)% Power [Ref 3.34]
TBHRF(AV) = i‘-(O‘SBAv + ZCSBAv)% Power [Ref 3.34]

Tengy and Tengpv) are made up of the uncertainty terms from RBM Fixed Trip
Module 5B. From Sections 11.5.2.1.6 and 11.5.2.2.10;

Tengr = +(2.316113 + 0.82) % Power
Tengr =+ 3.14 % Power

And

Tengrgay) = +(2.129873 + 0)% Power
Tengrp@v) =+ 2.13 % Power

9. Revise section 13.3 as indicated below:

13.3 RBM Flow Biased Trips

The RBM Flow Biased Trips have the same total uncertainty term (Tenggg) whether
in Two Recirculation Loop Operation or Single Recirculation Loop Operation. This
is because there are no changes made to the method of operation of the Recirculation
Flow Monitor for either Single or Two Loop Operation. Therefore, the error
analysis for the RFM is the same.

13.3.1 Upscale Trip - Two Loop Operation

From Section 10.5 the existing Technical Specification Nominal Trip Setpoint
(NTSP) for this function is <0.66W +51% Power with the setpoint clamped at a value
corresponding to when W=100% Flow. Because this setpoint is not used in safety
analysis, as specified in Reference 3.15, the Trip Setpoint listed in Reference 3.15 will
be considered as a nominal setpoint. The setpoint will be checked against the AV
listed in Reference 3.15 to ensure that the as-found value when calibrating the
Upscale trip will not exceed the AV.

AVgem2 =NTSP + Tengrpav) % Power
AVRBMZ =(0.66*W + 51 + TenRFB(AV) % Power
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10.

AVRBMZ =0.66W + 51+ 3.26 % Power
AVRBM2 =0.66W ’+ 54.26 % Power

Because the computed AV is in excess of the Reference 3.15 value, the fixed offset of
the final NTSP should be lowered at least 0.26 %. For conservatism, the final
calibration NTSP should be:

NTSPRBMZ = 0.66W + 50.5 % Power

The RBM backup trip value should be calibrated in such a manner as to ensure that
it is always higher than the required value needed for the NTSP.

13.3.2 Upscale Trip - Single Loop Operation

From Section 10.5 the existing Technical Specification Nominal Trip Setpoint
(NTSP) for this function is <0.66W +45.7% Power with the setpoint clamped at a
value corresponding to when W=100% Flow. Because this setpoint is not used in
safety analysis, as specified in Reference 3.15, the Trip Setpoint listed in Reference
3.15 will be considered as a nominal setpoint. The setpoint will be checked against
the AV listed in Reference 3.15 to ensure that the as-found value when calibrating
the Upscale trip will not exceed the AV.

AVgremi1 = NTSP + Tengypav) %o Power
AVgpvy = 0.66%W + 45.7 + TeanB(Av) % Power
AVgemi = 0.66W + 45,7 + 3.26 % Power
AVgpwm1 = 0.66W + 48.96 % Power

Because the computed AV is in excess of the Reference 3.15 value, the fixed offset of
the final NTSP should be lowered at least 0.26 %. For conservatism, the final
calibration NTSP should be:

NTSPRBMl =0.66W + 45.0 % Power

The RBM backup trip value should be calibrated in such a manner as to ensure that
it is always higher than the required value needed for the NTSP.

Revise section 14.3 as indicated below:
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14.3 RBM Flow Biased Trips

14.3.1 Upscale Trip - Two Loop Operation

Calibrated NTSP 0.66W + 50.5% Power
Tech Spec NTSP: 0.66W + 51 % Power
Tech Spec AV: 0.66W + 54 % Power
Extended Tolerance +0.75% Power

Extended tolerance selected at 1.5 times setting tolerance to provide an ET value for
Trending as described in ER-AA-520.

14.3.2 Upscale Trip - Single Loop Operation

Calibrated NTSP 0.66W + 45.0 % Power
Tech Spec NTSP: 0.66W + 45.7 % Power
Tech Spec AV: 0.66W + 48.7 % Power
Extended Tolerance + 0.75% Power

Extended tolerance selected at 1.5 times setting tolerance to provide an ET value for
trending as described in ER-AA-520.

11. Revise the applicable sections of 15.0 as follows:

15.0 CALCULATION SPREADSHEET

Symbol Formula or Input Value Value Units
NTSPrpm20s 51 51 % Power
ALRBM208 (Deleted)

AVeem2 NTSPreMm20s + Tenggpav) 54.26 % Power

NTSPrpmios 45.7 45.7 % Power

ALRpMios (Deleted)

AVRreMmi NTSPremios + Tenggpayv) 48.96 % Power
Final

[Last Page]
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1.0 Purpose/Scope ,
The purpose of this revision is to revise the-discussion related to the calibration setpoints
in section 14.0 Conclusions for APRM Flow Biased Trips. Section 14.1 is revised to
change the examples for the flow bias calibratipn setpoints to indicate the corresponding
values at a drive flow of 75% instead of 80%. This change is being made for consistency
with the calibration procedures (references 3.5u, 3.5v, 3.5w, 3.5x) which currently use a
simulated drive flow of 75%. The change was made to the calibration procedures because
at 80% flow the transition from the flow biased line to the fixed clamped setpoint occurs.
This transition was found to interfere with the calibration. The change does not affect the
calibration setpoint. References for the calibration procedures are also revised.

3.0 References
Reference$ 3.5.a, b, ¢, dand 3.5 j, k, m, n are superseded by the references indicated
below:

3.5.u  LIS-NR-1034A Revision 7, UNIT 1 AVERAGE POWER RANGE MONITOR CHANNELS A, C,
AND E ROD BLOCK AND SCRAM CALIBRATION

3.5.v. LIS-NR-103B Revision 6, UNIT 1 AVERAGE POWER RANGE MONITOR CHANNELS B, D,
AND F ROD BLOCK AND SCRAM CALIBRATION

3.5.w LIS-NR-203A Revision 6, UNIT 2 AVERAGE POWER RANGE MONITOR CHANNELS A, C,
AND E ROD BLOCK AND SCRAM CALIBRATION

3.5.x  LIS-NR-203A Revision 6, UNIT 2 AVERAGE POWER RANGE MONITOR CHANNELS B, D,
AND F ROD BLOCK AND SCRAM CALIBRATION

14.0  Conclusion
Replace section 14.1 with the following:
14.1.  APRM Flow Biased Trips

14.1.1 Simulated Thermal Power Upscale (Scram) — Two Loop Operation

Analytical Limit: 0.62W + 70.9 % Power
Tech Spec AV: 0.62W + 69.3 % Power
Tech Spec NTSP: 0.62W + 63.7 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint
should be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/-
0.04 Vdc. For example, with a 75% drive flow, the Tech Spec NTSP is 110.2% (0.62*75 + 63.7).
Since 110.2% on a 125% scale corresponds to 8.816 Vdc on a 10 Vdc scale
[10Vdc*110.2%/125%), a setpoint of 8.776 +/- 0.04 Vdc is recommended for 75% drive flow.
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14.1.2° Simulated Thermal Power Upscale (Scram) — Single Loop Operation

Analytical Limit: 0.55W + 58.33 % Power
Tech Spec AV: 0.55W +56.8 % Power
Tech Spec NTSP: 0.55W +51.5 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint
should be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/-
0.04 Vdc. For example, with a 75% drive flow, the Tech Spec NTSP is 92.75% (0.55*75 +51.5).
Since 92.75% on a 125% scale corresponds to 7.420 Vdc on a 10 Vdc scale
[10Vdc*92.75%/125%), a setpoint of 7.38 +/- 0.04 Vdc is recommended for 75% drive flow.

14.1.3 Simulated Thermal Power Upscale (Rod Block) — Two Loop Operation

Analytical Limit: 0.62W + 59.47 % Power
Tech Spec AV: 0.62W + 57.9 % Power
Tech Spec NTSP: 0.62W + 52.3 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint
should be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/-
0.04 Vdc. For example, with a 75% drive flow, the Tech Spec NTSP is 98.8 % (0.62*75 + 52.3).
Since 98.8 % on a 125% scale corresponds to 7.904 Vdc on a 10 Vdc scale '
[10Vdc*98.8 %/125%], a setpoint of 7.864 +/- 0.04 Vdc is recommended for 75% drive flow.

14.1.4 Simulated Thermal Power Upscale (Rod Block) — Single Loop Operation '

Analytical Limit: 0.55W + 46.9 % Power
Tech Spec AV: 0.55W +45.4 % Power
Tech Spec NTSP: 0.55W + 40.0 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint
should be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/-
0.04 Vde. For example, with a 75% drive flow, the Tech Spec NTSP is 81.25% (0.55*75 + 40.0).
Since 81.25% on a 125% scale corresponds to 6.500 Vdc on a 10 Vdc scale
[10Vdc*81.25%/125%], a setpoint of 6.460 +/- 0.04 Vdc is recommended for 75% drive flow.
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1.0

PURPOSE AND OBJECTIVE

The purpose of this Minor Revision is listed below:

1.

The Unit 1 and Unit 2 analytical limits for the APRM flow biased trips are being revised per the
thermal power optimization project. This revision recalculates the Technical Specification
allowable values (AV’s) and nominal trip setpoints (NTSP’s) for the APRM flow biased trips
based on the analytical limit changes.

This revision determines as-left / as-found tolerances for the APRM flow biased trips for use in
instrument performance trending.

Subsequent to the issuance of analysis L.-001345, revision 2, the GE recirculation flow units have
been replaced with ABB recirculation flow monitors (RFM’s). All results that are dependent on
recirculation flow measurement uncertainties are impacted by the ABB RFM replacements.
Therefore, this minor revision re-determines total instrument uncertainty and results for the
following functions: a) APRM flow biased trips, b) RBM flow biased trips, and ¢) RFM upscale
and comparator trip results.

Revise Section 2.2 (and subsequently impacted sections) to address the calibration flow rate
change from 80% to 75% as detailed in minor revision 2C.

Section 15.0, “Calculation Spreadsheet”, is being deleted. This spreadsheet was included for
reference, and it was utilized for verifying computations. It is no longer required and is therefore
being deleted.

The value determined for FCSggy (0.668750) in Section 11.5.3.1.5 will be revised to correct a
previous computation error.

Corrected the application of vendor provided performance specifications for the ABB RFM
upscale and comparator trip functions.

NOTE: Changes or revisions to existing portions of the calculation are identified by a combination of
either bold, underlined, or italic text in lieu of revision bars. Added text or new text or sections are
indicated as such, and are NOT identified by bold, underlined, or italic text.
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2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

1. Revise Section 2.1.d as follows:

d.

Static Pressure Span Effects

References 3.5.s, 3.5.1, and 3.5.y, 3.5.z state that a 1% of span correction has been included in
the calibration to compensate for the static pressure span effect. However, References 3.14
states that there is a plus/minus correction uncertainty associated with this compensation.
Therefore, this uncertainty will be included as a random error term in this calculation. Although
the vendor gives this error term as a percent of reading, it will be considered as percent
calibrated span which simplifies the calculation and is conservative.

2. Revise Section 2.2 to address the calibration flow rate change from 80% to 75% as detailed in minor
revision 2C.

Slopenew = Slopegp + [(T* + T)/0.08)/AFlow

This will be used for both APRM and RBM flow biased error calculations. For the APRM’s, the
tolerance (T*, T) is £0.04 Vdc and the calibration flow (AFlow) is 75% flow (Section 10.4). For
the RBM’s, the tolerance (T", T") is £0.04 Vdc and the calibration flow ((AFlow) is 100% flow
(Section 10.5).

3. Add new Section 2.4 as indicated below:

24

The methodology for determining as-left / as-found tolerances for APRM flow biased trip
calibrations and surveillances, for each individually calibrated component or circuit (or module),
is as follows:
Module As-Left Tolerance (ALT):

ALT = +[RA’+MTE’+REyre”

Module As-Found Tolerance (AFT):

AFT = +[RA?+RD? + MTE? + REyre 1>
where,
RA = Module Reference Accuracy
RD = Module Vendor Specified Instrument Drift
MTE = Module Measurement and Test Equipment (M&TE) Error

REmTe = Module M&TE Readability

If a particular calibrated component or circuit (or module) is not provided with a reference
accuracy specification, the setting tolerance applied during module calibration will be used in
place of the reference accuracy specification.
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3.0

REFERENCES

1.

Add new references as indicated below:

3.5.,y LIS-RR-101A, Rev. 12, “Unit 1 Recirculation Flow Converter A Calibration.”
LIS-RR-101B, Rev. 12, “Unit 1 Recirculation Flow Converter B Calibration.”
LIS-RR-101C, Rev. 11, “Unit 1 Recirculation Flow Converter C Calibration.”
LIS-RR-101D, Rev. 14, “Unit 1 Recirculation Flow Converter D Calibration.”

3.5.z LIS-RR-201A, Rev. 12, “Unit 2 Recirculation Flow Converter A Calibration.”
LIS-RR-201B, Rev. 11, “Unit 2 Recirculation Flow Converter B Calibration.”
LIS-RR-201C, Rev. 11, “Unit 2 Recirculation Flow Converter C Calibration.”
LIS-RR-201D, Rev. 12, “Unit 2 Recirculation Flow Converter D Calibration.”

Revise Reference 3.34 as follows: (Note that this supersedes the minor rev 2A change to this
reference)

3.34  NES-EIC-20.04, Rev. 5, “Analysis of Instrument Channel Setpoint Error and Instrument
Loop Accuracy.”

Add new reference as indicated below: (Note: see minor rev 2A for reference 3.35, “ER-AA-520
and minor rev 2B for reference 3.35.a, “L-002884”)

3.36  GE Task Report 0000-0106-6103-R0, DRF 0000-0096-1158, Rev.0. Class III, November
2009 “Project Task Report, Exelon Nuclear, LaSalle Units 1 and 2 Thermal Power
Optimization, Task T0506: TS Instrument Setpoints.”

3.37  Fluke 45 User Manual, PN855981, January 1989, Rev. 4, 7/97
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4.0

1.

DESIGN INPUTS

Revise Section 4.1 as follows:

4.1

Accuracy for Flow Transmitters

The procedures of References 3.5.s, 3.5.t, and 3.5.y, 3.5.z indicate that there are five different
calibrated spans for the 16 flow transmitters covered by this calculation. Since some of the
uncertainty terms depend on the calibrated span and/or the transmitters upper range, the lowest
value of the calibrated span will be used for all flow loops since this will produce conservative
results.

Revise Section 4.14 and applicable table entrees as follows:

4.14

Analytical Limits and Allowable Values Inputs

From References 3.27, 3.33, and 3.36 Analytical Limit inputs are provided for all non-flow
biased setpoints and the APRM Flow Biased Trip functions (flow biased and clamp). Reference
3.15 provides the Allowable Values for the RBM Upscale Trips. There is no Analytical Limit, as
the rod block is not considered in the Rod Withdrawal Error Analysis as stated in Reference 3.15.
The information provided by References 3.15, 3.27, 3.33, and 3.36 is summarized below:

Bistable AL AV Reference
APRM Flow Biased Trips
Flow Biased STP Scram -TLO 0.61W +69.76% 3.36
Flow Biased STP Scram -SLO 0.54W + 57.39% 3.36
Flow Biased STP Rod Block -TLO 0.61W +58.51% 3.36
Flow Biased STP Rod Block -SLO 0.54W + 46.14% 3.36

Add new Section 4.15 as follows:

4.15

References 3.5.y and 3.5.z indicate the original GE recirculation flow units have been replaced
with ABB recirculation flow monitors (RFM’s). Therefore, all total channel errors that are
dependent on recirculation flow measurement uncertainties will be based on the ABB RFM’s.
This applies to the following functions: a) APRM flow biased trips, b) RBM flow biased trips,
and ¢) RFM upscale and comparator trip resuits.

Add new Section 4.16

4.16

Error Propagation through ABB RFM Square Root Converter

With Reference to Appendix B of Reference 3.34, input errors are propagated through the ABB
RFM square root converter circuit as follows:

cour = (kK)(GErroOR) [2(X)0’5]
eour = (K)(eerror) [2(X)0'5]

where,
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oour = random output error
€ouT = non-random output error
k = gain

orrror = random input error
€grror = hon-random input error
X = input span

Determining the value of k:
Per Appendix B of Reference 3.34, the equation for a square root converter is,
y =k

In Units of Vdc: where y is the output span (10 Vdc) and x is the input span (10 Vdc) per
References 3.5.y and 3.5.z. Solving for k,

k = yi(x)*°
10 Vdc / (10 Vdc)®?
3.162278 Vdc/Vdc®’

From Section 4.10, the point of interest is 75% Flow. The input span (x) at 75% Flow is
determined as follows:

(75% Flow) / (125% Flow) = [(X759)")/[10 Vdc)*?]
X75% =3.6 Vdc

In Units of % CS: where y is the output span (100 % CS) and x is the input span (100 % CS) per
References 3.5.y and 3.5.z. Solving for k,

k = y/(x)*
100 % CS / (100 % CS)°?
10 % CS/ % CS%?

i

Il

From Section 4.10, the point of interest is 75% Flow. The input span (x) at 75% Flow is
determined as follows:

(75% Flow) / (125% Flow) = [(x75%)>°)/[100 % CS)*%]
X75% =36 % CS
5. Add new Section 4.17
4.17  Error Propagation through ABB RFM Summer

With Reference to Appendix B of Reference 3.34, input errors are propagated through the ABB
RFM summer circuit as follows:

cour = [(kl1*ogrrorx)’ + (K2*Grror v) 1"
eour = (kl*egrrorx) + (k2*€grrORY)
where,

Gout = random output error
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€ouT = non-random output error
k1 = gain input 1

k2 = gain input 2

OERROR X = random input error X
OERROR Y = random input error Y
€ERROR X = non-random input error X
€ERROR Y = non-random input error Y

The summer inputs are equally weighted, therefore, k1 =k2 =0.5.
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5.0 ASSUMPTIONS

1. Delete Section 5.7 as follows:

3. Revise Section 5.11 as follows:

Based on the information contained in References 3.4 and 3.16 it will be assumed that LaSalle is using a
Wallace and Tiernan Model 65-120 instrument when the procedures of References 3.3.s, 3.5.t and 3.5.y,
3.5.7 call for a Pneumatic Calibrator.




ANALYSIS NO. L-001345 REVISION NO. 002D PAGE NO. 10

7.0 PROCESS PARAMETERS

1. Revise Section 7.0 as follows:

The temperature of the fluid has, however, dropped to reactor building ambient temperature by the time it
reached the location of the transmitters. Based on References 3.3.s, 3.5.t and 3.5.y, 3.5.z, 100% Flow in
these flow loops is equal to 55,000 GPM.
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8.0 LOOP ELEMENT DATA
1. Revise section 8.6.1 as follows to correct the accuracy specification for the comparator and upscale trips:

(Note that Revision 2 currently incorrectly applies the trip and total flow uncertainty as independent;

however, they are dependent.)

Comparator Trip Accuracy:

Upscale Trip Accuracy:

2. Revise section 8.6.2 as follows:

Table 3.11-24)

8.6.2 Environmental Parameters at Flow Unit Location (Zone LC1A from EWCS) (Reference 3.6,

2 % CS (based on 1% trip setpoint error
plus 1% total flow signal error)

2 % CS (based on 1% trip setpoint error
plus 1% total flow signal error)

G C-CIEE

O

Temperature (°F) 72 -74
Relative Humidity (%) 35-45

Radiation 1x10° rads gamma(integrated)
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9.0

1.

CALIBRATION INSTRUMENT DATA

ABB RFM calibration procedures (References 3.5.y and 3.5.z), invokes use of a Fluke 45 to calibrate the
recirculation flow transmitters. Therefore, revise the table in section 9.0 by adding the following MTE
error information for a Fluke 45, slow reading rate, (100 mVdc Rng) as follows: (see section 9.1 changes
below for determination of this uncertainty,). The £0.012141 mVdc uncertainty value is utilized, because
the maximum reading will be 20 mVdc at the transmitter location, and the environment during calibration
should not exceed 104°F.

Calibration Instrument MTE Error [10] Evaluation Parameters
MTE for all DMM Calibrations
Fluke 45 Slow (100 mVdc Rng) +0.012141 mVdc @20 mVde, 104°F

Revise Section 9.2 as follows:
9.2 Pressure Measurement Error Evaluation

References 3.3.s, 3.5.t and 3.5.y, 3.5.z specify the use of a “Pneumatic Calibrator, 0-850”"W.C.
(Accuracy: £2.0”W.C., minimum).”

Section 9.1: Add the following DMM measurement error evaluation for a Fluke 45, slow reading rate,
(100 mVdc Range) as follows under Section 9.1:

FLUKE 45 SLOW READING RATE RANGE: 100 mVde
Manufacturer’s Specifications (from Reference 3.37)

Reference Accuracy (RA)T = +(0.025%(RDG) + 6(digits)) [20]
Resolution (RES) = 0.001 mV

Temperature Effect* (TE) = +(0.1(Accuracy Spec.)/°C) (AT) [20]

" 1 Year Accuracy Specification
* From 0°C to 18°C and 28°C to 50°C

Temperature Differential (AT)
64.4 — 82.4°F (18 — 28°C) Temperature Effect Not Applicable

104°F = 40.0°C — AT =(40.0 - 28.0)°C =12.0°C

122°F = 50.0°C — AT =(50.0 - 28.0)°C =22.0°C

Total Measurement Error (MTE)

MTE ==+[(RA/2 +TE/2)* + RES*]"? [10]
Maximum Zone Temp. MTE at RDG =20 mV MTE at RDG =50 mV

64.4 — 82.4°F +0.005590 mV +0.009304 mV

104°F +0.012141 mV +0.020375 mV

122°F +0.017628 mV +0.029617 mV
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11.0

MODULE ERRORS

MODULE 1 (FLOW TRANSMITTER)

Revise Section 11.1.1.3 as follows:

11.1.1.3

Calibration Uncertainty (CAL1)

The uncertainties associated with calibrating the flow transmitters are composed of the
uncertainties in setting the input signal and the uncertainties in reading the output signal.
References 3.3.s, 3.5.t and 3.5.y, 3.5.z do not give a particular instrument to be used for
setting the input during calibration. Rather, they simply indicate a "Pneumatic Calibrator,
0-850" W.C. (accuracy: £2.0" W.C., minimum)" is required. Per Assumption 5.11
LaSalle is assumed to be using a Wallace and Tiernan Model 65-120 instrument for this
input monitoring function. For the maximum temperature applicable to this location the
accuracy given by Reference 3.4 for this instrument is 2.149835" W.C. This is the value
that will be used in this calculation. The reading error term (REMTEIgy) is included in
total MTE error term given in Reference 3.4. Therefore, a value of 0 will be used for
REMTEI] ¢t for this calculation.

The instrument specified by the procedures (References 3.5.s and 3.5.t) for measurement
of the flow transmitter output is a Fluke 8600A DMM. For the voltage range of interest
for this calculation the reference accuracy, from Reference 3.4, is 0.034961 mVdc.
(RAMTE2). Since this is a digital instrument, there is no reading error associated with
its use (REMTE2gr = 0). The instrument specified by the procedures (References 3.5.y
and 3.5.7) for measurement of the flow transmitter output is a Fluke 45 DMM. For the
voltage range of interest, for this calculation, the reference accuracy, from Section 9.0,
is £0.012141 mVdc. The Fluke 45 is a digital output device, and therefore, the reading
error is considered to be the least significant increment of the display (or resolution)
(see Reference 3.34). Per section 9.1, reading error is included in the uncertainty
value. Since the uncertainty of a Fluke 86004 bounds the uncertainty of a Fluke 45,
the Fluke 86004 will be evaluated in the following analysis.

Revise Section 11.1.1.4 as follows:

11.1.14

Setting Tolerance (ST1)

From References 3.5.s, 3.5.t and 3.5.y, 3.5.z the setting tolerance for the flow
transmitters’ output (STrroum) is 0.08 mVdec.

Revise Section 11.1.1.5 as follows:

11.1.1.5

Static Pressure Span Effect (Correction Uncertainty) (SPSEgr)

References 3.3.s, 3.5.t and 3.5.y, 3.5.z state that a 1% of span correction has been
included in the calibration to compensate for the static pressure span effect.

Revise Section 11.1.2.5 as follows:

11.1.2.5

Static Pressure Effect (€1SP)
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From References 3.3.s, 3.5.t and 3.5.y, 3.5.z, these instruments have been compensated
for static pressure effect during calibration.

11.4.4 Module 4D (Trip Circuit — Flow Biased)

1.

Revise section 11.4.4 as follows:

Module 4D receives an analog input from the Averaging Circuitry and the ABB RFM (Module 6), and
provides a bistable output, the state of which depends on the relative magnitudes of the input signal from
the Averaging Circuitry and the reference value, which is a function of the ABB REM flow signal.
Therefore, Module 4D is a bistable module.

Revise section 11.4.4.1.5 as follows to evaluate uncertainties from the ABB RFM instead of uncertainties
from the GE Flow Units. Refer to section 11.6 of this minor revision for determination of ABB RFM
uncertainties.

11.44.1.5 Input Uncertainty (cinput4D)

The Module 4D input error (cinput4D) is the SRSS combination of random input terms from Module 4B
(04Bgg) and Module _6 (66) (per section 4.15). However, g6 must be converted from % Flow to %
Power using the flow biased trip slope adjustment from Section 2.2 which accounts for setting
uncertainties.

Revise section 11.4.4.1.5.1 as follows to a) evaluate uncertainties from the ABB RFM (66 and c6¢ values
from section 11.6.1.1.6) instead of uncertainties from the GE Flow Units, b) evaluate the AL value per
Reference 3.36, and c) apply the 75% calibration flow rate as detailed previously per section 2.2 changes:

11.4.4.1.5.1 Two Loop Operation (TLO) — From Design Input 4.14, the TLO flow biased slope
(FCSsp) is 0.61 which is adjusted as

FCS = FCSgp + [(0.04+0.04) / 0.08] / 75
0.61 + [(0.04+0.04) / 0.08] / 75
0.623333

il

The module 4D input uncertainty for TLO is determined as

cinput4D = +[64Bpg’ + (FCS * 66)°]%°
cinputdD = #[1.21122° +(0.623333 * 2.112581)""’
oinput4D = +1.789169 Power

And the module 4D AV uncertainty for TLO is determined as

oinputdDay = %[c4Bay’ + (FCS * 6601
cinputdDay +[1.041510% + (0.623333 * 1.035450)"1*°

oinput4Day = +1.225285 % Power
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4. Revise section 11.4.4.1.5.2 as follows to a) evaluate uncertainties from the ABB RFM (o6 and 66 values
from section 11.6.1.1.6) instead of uncertainties from the GE Flow Units, b) evaluate the AL value per
Reference 3.36, and c) apply the 75% calibration flow rate as detailed previously per section 2.2 changes:

11.4.4.1.5.2 Single Loop Operation (SLO) — From Design Input 4.14, the SLO flow biased slope
(FCSgps10) is 0.54 which is adjusted as

FCSsio = FCSspsio + [(0.04+0.04)/ 0.08] / 75
0.54 + [(0.04+0.04) / 0.08] / 75
0.553333

The module 4D input uncertainty for SLO is determined as

cinput4Dgio = +[64Bs” + (FCSsi0 * 66)°1"°
cinputdDg o = +[1.211227 + (0.553333 * 2.112581)"1%°
oinputdDg o = +1.683307 % Power

And the module 4D AV uncertainty for SLO is determined as

cinput4Davsio = +[64Bay” + (FCSsio * 660°1%°
oinput4Daysio = +[1.041510% + (0.553333 * 1.035450)°1*°
0input4DAv5Lo = +1.188702 % Power

Revise section 11.4.4.1.6.1 as follows:

o4D = +[RA4Dy,) + RD4D,) + CALAD’ + ST4D(y,) + cinputdD**
64D = 1[0.625% + 1.74553% + 0.00225% + 0.166667° + 1.789169*1°
c4D = =+ 2.581939 % Power

And the module 4D AV random error is

04Dy = #[RA4Dq} + RD4Dg,” + CALAD® + ST4Dy) + cinputdDay’]>
04Dav = +[0.625% + 1.74553% + 0.00225% + 0.166667* + 1.2252851"°
4Dy = + 2.228588 % Power

Revise section 11.4.4.1.6.2 as follows:
04Dg;0 = +[RA4D, + RDAD;,? + CAL4D? + ST4D(i) + oinputdDsi 0’1"
64Ds10 = £[0.625% + 1.74553% + 0.00225% + 0.166667" + 1.683307°1"°

04Ds; o = =+ 2.509742 % Power
And the module 4D AV random error is

64Davsio = +[RA4Dq? + RD4AD 2 + CALAD® + ST4Di)” + cinput4Daysio’]”
64D avsLo +[0.625% + 1.74553% + 0.00225% + 0.166667° + 1.188702°1°°

I
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64Davsio = =+ 2.208686% Power

7. Revise section 11.4.4.2.9.1 as follows to evaluate uncertainties from the ABB RFM (26 value from
section 11.6.1.2.10) instead of uncertainties from the GE Flow Units:

einput4D = +[Ze4B + (FCS * Ze6))
einput4D = +[0.82 + (0.623333 * 1.845461)]
einput4D = + 1.970337 % Power

And the module 4D AV error for TLO is determined as

einput4D,y = +[ZedBay + (FCS * Zeb)]
einput4D,y = +[0 + (0.623333 * 1.845461)]
einput4D,y = + 1.150337 % Power
8. Revise section 11.4.4.2.9.2 as follows to evaluate uncertainties from the ABB RFM (Z6 value from

section 11.6.1.2.10) instead of uncertainties from the GE Flow Units:

‘einput4Dg o = +[ZedB + (FCS * Xe6)]
einput4Dg;o +[0.82 + (0.553333 * 1.845461))

+ 1.841154 % Power

Il

einput4Dyg; o
And the module 4D AV error for SLO is determined as

einput4DAv5Lo = i[EG4BAV + (FCS * 286)]
einput4Davsio +[0 + (0.553333 * 1.845461)]

einputd4Daysio = +1.021154 % Power

9. Revise section 11.4.4.2.10.1 as follows:

YedD

+(125/100)*(e4DH + e4DT + e4DR + e4DS + e4DSP + e4DP + e4Dp + e4DV)
+ einput4D

TedD = +(125/100)*(0 + 0+ 0+ 0+ 0+ 0+ 0 + 0) + 1.970337

2e4D

+1.970337 % Power
And the module 4D AV error for TLO is determined as

ZedDyy= +(125/100)*(e4DH + e4DT + e4DR + e4DS + e4DSP + e4DP + e4Dp + e4DV)
+ einput4D v

YedDpy= +(125/100)*(0 + 0+ 0+ 0+ 0+ 0 + 0 + 0) + 1.150337

ZedDyy= +1.150337 % Power



I ANALYSIS NO. L-001345 REVISION NO. 002D PAGE NO. 17 I

10. Revise section 11.4.4.2.10.2 as follows:

Ye4Dgio = +(125/100)*(e4DH + e4DT + €4DR + e4DS + e4DSP + e4DP + e4Dp + e4DV)
+ einput4Dyg o

2edDg o = +(125/100)*(0+0+0+0+0+0+0+0)+ 1.841154

2edDgi o = +1.841154 % Power

And the module 4D AV error for SLO is determined as

Ze4Davsro = +(125/100)*(e4DH + e4DT + e4DR + e4DS + e4DSP + e4DP + e4Dp + e4DV)
+ einput4D AVSLO

SedDavsio = +(125/100)%(0 +0 +0+0+0+ 0+ 0+ 0) + 1.021154

2ed4Davsio = +1.021154 % Power

11.5.3 Module 5C (Trip Circuit — Flow Biased)
1. Revise section 11.5.3 as follows:

Module 5C receives an analog input from the Averaging Circuitry and Gain Change Circuitry the ABB
RFM (Module 6), and provides a bistable output, the state of which depends on the relative magnitudes
of the input signal from the Averaging and Gain Change Circuitry and the reference value, which is a
function of the ABB RFM flow signal. Therefore, Module 5C is a bistable module.

2. Revise section 11.5.3.1.5 as follows to evaluate uncertainties from the ABB RFM (o6 and 66¢ values
from section 11.6.1.1.6) instead of uncertainties from the GE Flow Units. Refer to section 11.6 of this
minor revision for determination of ABB RFM uncertainties. This minor revision also corrects the
computation of FCSgpy.

11.5.3.1.5 Input Uncertainty (cinput5C)

In addition to its own error terms, the error terms from Module 5A and Module 6 must also be
considered. Since the trip circuits perform no function on these input signals cinput5C and cinput5Cay
become equal to the combination by SRSS of the random input terms 65A and g6, and 65A,v and g6¢.
However, before 65A and g6, and 65A,v and g6¢ can be combined, g6 and 66¢ must be converted from
% Flow to % Power by multiplying by the slope of the curve in the Flow Controlled Trip Reference Unit.
From the applicable procedures in Reference 3.5 this slope (FCSgpmsp)) is equal to 0.66% Power per %
Flow. However, per Section 2.2 this slope has been modified to account for setting uncertainties.

Therefore,
FCSrpm = FCSrprysp) + [(0.04+0.04) 7/ 0.08] / 100
= 0.66 + [(0.04+0.04) / 0.08] / 100
= 0.670000

therefore,
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oinput5C = +[65A? + (FCSpam * 66)"1°° % Power
oinput5C +[1.850009% + (0.670000 * 2.112581)"1"* % Power

oinput5C = +2.329372 % Power
For the Allowable Value Determination this becomes:

oinput5Cay = +[05Aav? + (FCSgam * 660)°1"° % Power
oinput5Cay +[1.610749% + (0.670000 * 1.0354501)*1%° % Power

il

Il

oinputSCpy +1.753797 % Power

3. Revise section 11.5.3.1.6 as follows:

o5C = i[(RASCQG))ZwL(RDSC(IG))Z+(CAL5C)2+(ST5C(10))2+(cinputSC)2]°'5%Power
65C = =£[(0.625)° + (1.234276)’ + (0.00225)* + (0.166667)* + (2.329372)"1"° % Power

o5C = =+ 2.714373 % Power
And,

65Cay = £[(RA5C(o)° + (RD5Cs)° + (CAL5C)? + (ST5Cqy) + (oinput5Cay) **° % Power
65Cay +[(0.625) + (1.234276)* + (0.00225)> + (0.166667)* + (1.753797)°1°* % Power

05Cay = =+ 2.240011 % Power

4, Revise section 11.5.3.2.9 as follows to evaluate uncertainties from the ABB RFM (Z6 value from section
11.6.1.2.10) instead of uncertainties from the GE Flow Units. Also corrected the computation of FCSggy:

11.5.3.2.9 Non-Random Input Error (einput5C)

In addition to its own error terms, the error terms from Module 5A and Medule 6 must also be
considered. Since the trip circuits perform no function on these input signals einput5C and Zinput5Cay
become equal to the combination by SRSS of the random input terms Ze5SA and Ze6, and Ze5A v and
Zeb4y. However, before Ze5A and Ze6, and ZeSAay and Zeb 4y can be combined, Ze6 and Xe6,y must be
converted from % Flow to % Power by multiplying by the slope of the curve in the Flow Controlled Trip
Reference Unit. From the applicable procedures in Reference 3.5 this slope (FCSgamsr)) is equal to
0.66% Power per % Flow. However, per Section 2.2 this slope has been modified to account for setting
uncertainties. Therefore,

einput5C = +[Ze5A + (FCSgpy * 2€6)]% Power
einput5C = +[0.82 + (0.670000 * 1.845461)] % Power
einput5C = +2.056459 % Power

And
einput5Cpy = +[Ze5Aay + (FCSrpm * 2€6)]% Power
einput5Cay = +[0 + (0.670000 * 1.845461)] % Power

einput5Cay = +1.236459 % Power
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Revise section 11.5.3.2.10 as follows:

2e5C = +(125/100)*(e5CH + e5CT + e5CR + e5CS + e5CSP + e5CP + e5Cp + e5CV)
+ einput5C % Power

Ye5C = +(125/100)*(0+0+0+0+0+0+0+0)+2.056459 % Power

2e5C = + 2.056459 % Power

And

2e5Cav= +(125/100)*(e5CH + e5CT + e5CR + ¢5CS + e5CSP + e5CP + e5Cp + e5CV)
+ einputSCav % Power

2e5Chv= +(125/100)%(0+0+0+0+0+0+0+0)+ 1.236459 % Power

2e5Cay = +1.236459 % Power

11.6.1 Module 6 Analog Section

1.

Section 11.6.1.1.3: Delete existing text under section 11.6.1.1.3 and replace with the following new text
as follows:

11.6.1.1.3 Calibration Uncertainty (CAL6)

Per References 3.5.y and 3.5.z, this module contains circuits which are calibrated individually. These
circuits consists of: 1) input isolators (one for each recirculation flow loop), 2) square root converters, 3) a
summer, and 4) an analog output isolator (which provides the total output flow signal).

The uncertainties associated with calibrating the ABB RFM circuits consist of the uncertainties in setting
the input signal and the uncertainties in reading the output signal. References 3.5.y and 3.5.z specify use
of Fluke 45 DMM?’s for measurement of voltage input and output signals. For the voltage range of
interest for this calculation (0 — 10 Vdc and with control room environments per References 3.5.y and
3.5.z), the reference accuracy for a Fluke 45 is £0.002462 Vdc (see section 9.0). The Fluke 45 is a digital
output device, and therefore, the reading error is considered to be the least significant increment of the
display (or resolution) (see Reference 3.34). Per section 9.1, reading error is included in the +0.002462
Vdc uncertainty value.

From Section 5.2, errors attributed to calibration standards are considered negligible. Therefore, the only
terms which contribute to calibration uncertainty (CAL) are uncertainties associated with measuring input
calibration signals (MTE1) and output calibration signals (MTE2).

Calibration uncertainties associated with the ABB RFM is determined below:

a) Input Isolators

The input isolators are calibrated by applying a measured pressure input signal into the flow transmitter

while measuring the output of the isolator with a Fluke 45. The uncertainty associated with measuring the
transmitter input signal is determined in Section 11.1.1.3 and is listed below:
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MTEIH cs)y = MTEIFI'(CS) = +0.868971 % CS [16]
The uncertainty associated with measuring the output from the isolator is determined above as,
MTE2y = MTE = £0.002462 Vdc [lo]

These uncertainties are converted to equivalent output values at the square root converter and then to
equivalent output values at the summer. However, MTE1y; s is first converted to a voltage value by
multiplying it by the input isolator calibration span (10 Vdc) and dividing by 100%.

MTEl; = (MTElycs)*(10 Vdc/ 100 % CS)
+(0.868971% CS)*(10 Vdc / 100 % CS)
= +0.086897 Vdc [16]

Il

Convert to equivalent square root converter output value by utilizing equations and the operating point of
interest (75% flow = 3.6 Vdc) determined in Section 4.16:

vy = ®(eror)[2(x)"’]

by substitution,
MTE1y s out) = £[(3.162278 Vdc/Vdc" )*(MTE1))/[2(3.6 Vdc)™’]

= +[(3.162278 Vdc/Vdc®*)*(0.086897 Vdc)}/[2(3.6 Vdc)™*]

=10.072414 Vdc [1o]
MTE2; sk oum) = +[(3.162278 Vde/Vdc™?)*(MTE2)1/[2(3.6 Vdc)*’]

= [(3.162278 Vde/Vdc®*)*(0.002462 Vdc)]/[2(3.6 Vdc)™]

= +0.002052 Vdc [lo]

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

cour = [(kK1*0errorx)* + (K2*Cerroryv)'1"

by substitution,
MTElnsumouy = +[(kI*MTElsroun) + (k2* MTElysroun)]”
= £[(0.5%0.072414 Vdc)* + (0.5%0.072414 Vdc)*]>?
+0.051204 Vdc [1o]
MT2Zy sum our) = +[(kI*MTE2q sr OUT))2 + (k2* MTE2y sr OUT))Z]O'5
= £[(0.5*0.002052 Vdc)* + (0.5%0.002052 Vdc)*]*?
= +0.001451 Vdc [lo]

Note that MTEly is already included in the determination of Module 1 random input uncertainty (1c)
determined in Section 11.1.1.8 and will therefore not be included in the determination of CAL6.
b) Square Root Converters

The square root converters are calibrated by applying a measured input signal with a Fluke 45 while
measuring the output of the converter with another Fluke 45. The uncertainties associated with measuring
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the square root converter input and output signals (MTE1 and MTE2, respectively) was determined above
as:

MTElsg =~ = MTEys = +0.002462 Vdc [16]
MTE2sz MTE,s +0.002462 Vde [16]

Convert MTE] g to an equivalent square root converter output value by utilizing equations and the
operating point of interest (75% flow = 3.6 Vdc) determined Section 4.16:

Y = (k)(oerror) [2(7()0'5]

by substitution,
MTE1 g sr out) = £[(3.162278 Vdc/Vdc®*y*(MTE1x)1/[2(3.6 Vdc)®?)
= +[(3.162278 Vdc/Vdc®*)*(0.002462 Vdc))/[2(3.6 Vdc)™)
= +0.002052 Vdc [1o]

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

cour = [(k1*ogrrorx)’ + (K2*GgrrOR 1%

by substitution,
MTEl1gg sum oum = £[(kl1* MTElsg sr OUTE)Z + (k2* MTE1sR sr oyn Y1

= +[(0.5%0.002052 Vdc)* + (0.5%0.002052 Vdc)*]"”

= +0.001451 Vdc [1o]
MTE2gR (sum out = +[(kl* MTE2sr)” + (k2* MTE2g)"]>’

= +[(0.5%0.002462 Vdc)* + (0.5%0.002462 Vdc)*]>

= +0.001741 Vdc [1o]
c) Summer

The summer is calibrated by applying two measured input signals with two Fluke 45°s (MTE1gyym) while
measuring the output of the summer with a third Fluke 45 (MTE2sym). The uncertainties associated with
measuring the summer input and output signals (MTE1gyy and MTE2gyy, respectively) was determined

above as:
MTE1sum = MTE;; = +0.002462 Vdc [1o]
MTE2sum = MTE, = +0.002462 Vdc [1o]

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

oour = [(K1*0grrorx)” + (K2*Cgrrorv) 1"

by substitution,
MTElsumisumouny = E[(k1*MTElsum )2 + (K2*MTE1gum )2]0.5
= +[(0.5%0.002462 Vdc)* + (0.5%0.002462 Vdc)’]*’
+0.001741Vdc (1]

d) Output Isolator
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The output isolator is calibrated by applying a measured input signal with a Fluke 45 while measuring
the output with another Fluke 45. The uncertainties associated with measuring the isolator input and
output signals (MTE1 and MTE2, respectively) was determined above as:

MTElo = MTE;y = 40.002462 Vdc [lo]
MTE2, MTE,s +0.002462 Vdc [1o]

e) Determine Total Calibration Uncertainty (CAL6):

Using the methodology of Reference 3.34:

[(MTE2y sum OUT))2 + (MTE1gg sum OUT))2 + (MTE2gR sum OUT))2

CALGvoc 2 b 2 ' 2405
+ MTElsum sum outy)” + (MTE2gum)” + MTElLgy)” + (MTE201) 1™

+[(0.001451 Vdc)? + (0.001451 Vdc)® + (0.001741 Vdc)®
+(0.001741Vdc)? + (0.002462 Vdc)? + (0.002462 Vdc)® + (0.002462 Vdc)*?

= +0.005335 Vdc [1o]
Convert to % CS by multiplying by 100% and dividing by 10 Vdc
*
CAL6 = £(0.005335 Vdc)(100% CS / 10 Vdc)
+0.053350 % CS (1]
2. Section 11.6.1.1.4: Delete existing text under section 11.6.1.1.4 and replace with the following new text
as follows:

11.6.1.14 Setting Tolerance (ST6)

Per References 3.5.y and 3.5.z, this module contains circuits which are calibrated individually. These
circuits consists of: 1) input isolators (one for each recirculation flow loop), 2) square root converters, 3) a
summer, and 4) an analog output isolator (which provides the total output flow signal). The setting
tolerances associated with calibrating the ABB RFM circuits consist of a combination of the input
calibration tolerances (T1) and output calibration tolerances (T2). Setting tolerance uncertainties
associated with the ABB RFM is determined below:

a) Input Isolators
Per References 3.5.y and 3.5.z, calibration tolerances associated with calibrating the input isolator are,

Tln =0
T21] =+40.05 Vdc

These uncertainties are 3¢ values and must be converted to 1o values by dividing by three. These
uncertainties are converted to equivalent output values at the square root converter and then to equivalent
output values at the summer. Convert to equivalent square root converter output value by utilizing
equations and the operating point of interest (75% flow = 3.6 Vdc) determined in Section 4.16:

vy = (K)(oerror)[2(0)*’]

by substitution,



ANALYSIS NO. L-001345 REVISION NO. 002D PAGE NO. 23

T21sr 0UT) = +[(3.162278 Vde/Vdc®)*(T2y/3)1/[2(3.6 Vdc)*’]
= +[(3.162278 Vdc/Vdc™*)*(0.05 Vde/3)]/[2(3.6 Vdc)™]
=+0.013889 Vdc [1o]

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:
- * 2 * 2405
oour = [(kl1*ogrrorx)” t (k2*CErROR Y)']
by substitution,
+[(k1*T2n sk oun)’ + (K2*T2p sr ouny)]™’

+[(0.5%0.013889 Vdc)* + (0.5%0.013889 Vdc)’1’?
+0.009821 Vdc [1o]

T2H (SUM OUT)

Il

b) Square Root Converters

Per References 3.5.y and 3.5.z, calibration tolerances associated with calibrating the square root
converters are,

Tl = +0.050 Vdc
T2sr +0.025 Vdc

These uncertainties are 3c values and must be converted to 1o values by dividing by three. Convert T1gr
to an equivalent square root converter output value by utilizing equations and the operating point of
interest (75% flow = 3.6 Vdc) determined Section 4.16:

y = ®)(oerror)[2(x)"’]

by substitution,

Tlsr (sr 0UT) = +[(3.162278 Vdc/Vdc™*)*(T1sp/3)1/[2(3.6 Vdc)®]
= +[(3.162278 Vdc/Vdc®*)*(0.050 Vdce/3))/[2(3.6 Vdc)™]
=+0.013889 Vdc

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

oour = [(k1*ogrrorx)’ + (K2*Cgrrorv)]™
by substitution,

T1sr (sumour) = #[(k1*Tlspsroun ) + (K2*T1sg sroun) )1
+[(0.5%0.013889 Vdc)* + (0.5%0.013889 Vdc)’]>’
= +0.009821 Vdc [1o]

T2gr (sum ouT) = [(k1* T2sr)" + (k2* T2sr)'1%
+[(0.5*%0.025 Vde/3)> + (0.5%0.025 Vdc/3)*1>
+0.005893 Vdc [1o]

c) Summer
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Per References 3.5.y and 3.5.z, calibration tolerances associated with calibrating the summer are,

0
+0.010 Vdc

Tlsum
T2sum

Il

These uncertainties are 3¢ values and must be converted to 1o values by dividing by three.
TZSUM = +0.010 Vdc /3
= +0.003333 Vdc [1o]
d) Output Isolator
Per References 3.5.y and 3.5.z, calibration tolerances associated with calibrating the output isolator are,

Tlo[ = 0
T201 +0.010 Vdc

These uncertainties are 3c values and must be converted to 1o values by dividing by three.

T201 = +0.010 Vdc /3
= +0.003333 Vdc [10]

e) Determine Total Setting Tolerance Uncertainty (ST6):

Using the methodology of Reference 3.34:

ST6ypc = +[(T2n sum oun)” + (TLsr sum oun)” + (T2sg sum oun)’
+ (T2sum)” + (T201)°1%°
= 2[(0.009821 Vdc)? + (0.009821 Vdc)? + (0.005893 Vdc)? + (0.003333 Vdc)’
+(0.003333 Vdc)’1*’
= £0.015807 Vde [1o]

Convert to % CS by multiplying by 100% and dividing by 10 Vdc

ST6 = #(0.015807 Vdc)(100% CS /10 Vdc)
+0.158070 % CS [lo]
3. Section 11.6.1.1.5: Delete existing text under section 11.6.1.1.5 and replace with the following new text
as follows:

11.6.1.1.5 Input Uncertainty (cinput6)

In addition to its own error terms, Module 6 also operates on the error terms from Module 1. Therefore,
the random error term (16) from the flow transmitter must be transferred through the ABB RFM from
input to output per Section 4.16 and 4.17. The resultant term will be cinput6 and cinput6c for this
module. From Section 11.1.1.8,

sl = +2.691847 % CS [1o]
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For the Comparator Trip
ole¢ = +0.998018% CS [1o]
The errors are transferred through the ABB RFM as follows:

Per References 3.5.y and 3.5.z, this module contains circuits which contain square root converters and a
summer. These uncertainties are converted to equivalent output values at the square root converters and
then to equivalent output values at the summer. Convert to equivalent square root converter output value
by utilizing equations and the operating point of interest (75% flow = 36 % CS) determined in Section

4.16:
y = (k)(cerroOR)/ [2(X)O'5]

by substitution,
cinput6sg = 2[(10 % CS/% CS™)*(c1)/[2(36 % CS)*’]

= £[(10 % CS/% CS**)*(2.691847 % CS)V/[2(36 % CS)*’]

+2.243206 % CS : [1o]

cinputbesry = £[(10 % CS/% CS™)*(510))/[2(36 % CS)*’]

= £[(10 % CS/% CS®*)*(0.998018 % CS)1/[2(36 % CS)*°]

= +0.831682 % CS [1a]

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

cour = [(kl*ogrroR x)2 + (k2*OgrroRr Y)Z]O'5
by substitution,
cinput6d = +[(k1*cinputbsg) Y+ (k2*cinput6(sg))2]°'5
) = £[(0.5%2.243206 % CS)* + (0.5%2.243206 % CS)’]*’
+1.586186 % CS [1o]
sinput6e = +[(kl*cinputbcsgy)’ + (kK2*cinputbe sr)’1"’
= +[(0.5%0.831682 % CS)* + (0.5%0.831682 % CS)’]**
= +0.588088 % CS [1o]
4, Revise section 11.6.1.1.6 as follows:
11.6.1.1.6 Determination of Module Random Error (c6)

Using the methodology of Reference 3.3, and converting to % Flow by multiplying by 125/100:

6 = +(125/100)*[(RA6 (1)) + RD616)° + (CALE)Y + (ST61))° + (oinput6)’]>’ % Flow
= +(125/100)*[(0.5) + (0.25) + (0.053350)" + (0.158070)" + (1.586186)°1°° % Flow
= +2.112581 % Flow [1o]

For the Comparator Trip:

obc = +(125/100)*[(RA6(1))> + (RD61c)* + (CALE)Y + (ST61)) + (sinput6ic)’]*’ % Flow
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11.6.1.2

1.

+(125/100)*[(0.5)* + (0.25)* + (0.053350)* + (0.158070)* + (0.588088)°1"° % Flow
- +1.035450 % Flow [10]

Module 6 Non-Random Errors (Xe6)

Section 11.6.1.2.9: Delete existing text under section 11.6.1.2.9 and replace with the following new text
as follows:

11.6.1.2.9 Non-Random Input Error (einput6)

In addition to its own error terms, Module 6 also operates on the error terms from Module 1. Therefore,
the non-random error term (Zel) from the flow transmitter must be transferred through the ABB RFM
from input to output per Section 4.16 and 4.17. The resultant term will be einput6 for this module. From
Section 11.1.2.10,

Yel =1.171643 % CS
The errors are transferred through the ABB RFM as follows:

Per References 3.5.y and 3.5.z, this module contains circuits which contain square root converters and a
summer. These uncertainties are converted to equivalent output values at the square root converters and
then to equivalent output values at the summer. Convert to equivalent square root converter output value
by utilizing equations and the operating point of interest (75% flow = 36 % CS) determined in Section
4.16:

y = (k)(eerror)/[2(0)*"]
by substitution,
einput6sg, = +[(10 % CS/% CS**)*(Zel)])/[2(36 % CS)*]
= +[(10 % CS/% CS™)*(1.171643 % CS)V/[2(36 % CS)*’]
+0.976369 % CS

Convert to equivalent summer output value by utilizing equations determined in Section 4.17:

eour = (kl*egrrorx) * (k2*€ERrRORY)

by substitution,

£(k1* einputbsg)) + (k2* einputbsr))
+(0.5%0.976369 % CS) + (0.5*0.976369 % CS)
+0.976369 % CS

einput6

Il

Revise 11.6.1.2.10 as follows:
11.6.1.2.10 Non-Random Error (Ze6)

From Reference 3.3 the non-random error is the algebraic sum of all the above terms. In addition, this
term can be converted to % Flow by multiplying by 125/100. The result is;
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11.6.2.1

1.

Ye6 = +(125/100)*(e6H + e6T + e6R + e6S + e6SP + e6P + e6p + e6V + einput6) % Flow
+(125/100)*(0 + 0.5+ 0+0+0+0+ 0+ 0+ 0.976369) % Flow
= +1.845461 % Flow

Module 6A Random Error (66A)
Revise Section 11.6.2.1.1 as follows to correct RA6A reference accuracy determination:
Per Section 8.6.1, the reference accuracy for this module is:
RABA = +2 % CS (based on 1% trip setpoint error plus 1% total flow signal error)

Per Assumption 5.1, this is assumed to be a 2 sigma value. This is then converted to a 1 sigma value by
dividing by 2. In the same step this will be converted to % Flow by multiplying by 125/100.

RA6A;q) = +(RA6A/2 * (125/100) % Flow
RA6A(14) +(2 % CS/2) * (125/100) % Flow
RAG6A +1.25 % Flow (overall RFM uncertainty from input through actuation)

Il

Section 11.6.2.1.3: Delete existing text under section 11.6.2.1.3 and replace with the following new text
as follows:

11.6.2.1.3 Calibration Uncertainty (CAL6A and CAL6B)

CALOGA:

Per References 3.5.y and 3.5.z, this module is a bistable, and it specifies use of a Fluke 45 DMM for
measurement of voltage input signals while monitoring the module for actuation. For the voltage range of
interest for this calculation (0 — 10 Vdc and with control room environments per References 3.5.y and
3.5.z), the reference accuracy for a Fluke 45 is +0.002462 Vdc (from Section 9.0). The Fluke 45 is a
digital output device, and therefore, the reading error is considered to be the least significant increment of
the display (or resolution) (see Reference 3.34). Per section 9.1, reading error is included in the
uncertainty value. From Section 5.2, errors attributed to calibration standards are considered negligible.
Therefore, the only terms which contribute to calibration uncertainty (CAL) are uncertainties associated
with measuring input calibration signals (MTE1) and output calibration signals (MTE2).

Since there is only one MTE used to calibrate this module,
CAL6Avpc = MTE,s = +0.002462 Vdc [lo]
Convert to % Flow by multiplying by 125% Flow and dividing by 10 Vdc.

CALGA = +(0.002462 Vde)(125% Flow / 10 Vdc)
+0.030775 % Flow [16]

CAL6B:

Per References 3.5.y and 3.5.z, this module is a bistable that compares two input signals and actuates
upon specified deviations. References 3.5.y and 3.5.z specifies use of two Fluke 45 DMM’s for
measurement of voltage input signals while monitoring the module for actuation. For the voltage range of
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interest for this calculation (0 — 10 Vdc and with control room environments per References 3.5.y and
3.5.z), the reference accuracy for a Fluke 45 is £0.002462 Vdc (from Section 9.0) which includes reading
€rror.

This module is modeled as a summer to combine the two measured input signals by utilizing equations
determined in Section 4.17. It is calibrated by applying two measured input signals with two Fluke 45
DMM’s (MTE1p and MTE2p) while monitoring it for actuation. The uncertainties associated with
measuring the input and signals (MTE1p and MTE2p) was determined above as:

MTElp = MTE;;s = +0.002462 Vdc [1o]
MTE2p MTE;s +0.002462 Vdc [1o]

Ii
i

Utilizing equations in Section 4.17,

oour = [(kl*oerror %) + (kK2*Crrrorv)'1™
by substitution,
CAL6Bype = #[(k1* MTElp)* + (k2* MTE2p)*]"?

+[(0.5%0.002462 Vdc)* + (0.5%0.002462 Vdc)*]>
+0.001741 Vde [1o]

Convert to % Flow by multiplying by 125% Flow and dividing by 10 Vdc.

CALG6B = +(0.001741 Vdc)(125% Flow / 10 Vdc)
= £0.021763 % Flow [lo]
3. Section 11.6.1.1.4: Delete existing text under section 11.6.1.1.4 and replace with the following new text
as follows:

11.6.2.1.4 Setting Tolerance (ST6A and ST6B)

ST6A:

Per References 3.5.y and 3.5.z, the calibration tolerance for setting this module is,
T6A = +0.1 Vdc

This uncertainty is a 3¢ values and must be converted to 1o values by dividing by three.
ST6Aypc = (T6A)/3

+(0.1 Vde)/3
+0.033333 Vde [16]

li

i

Convert to % Flow by multiplying by 125% Flow and dividing by 10 Vdc.

ST6A = £(0.033333 Vdc)(125 % Flow / 10 Vdc)
= +0.416663 % Flow [1o]

ST6B:
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Per References 3.5.y and 3.5.z, this module is a bistable that compares two input signals and actuates
upon specified deviations. From References 3.5.y and 3.5.z, the calibration tolerances for setting the two
inputs signals are:

TéB1 = +0.1 Vdc
T6B2 +0.01 Vdc

These uncertainties are a 3o values and must be converted to 1o values by dividing by three.

ST6Blypc = (T6B1)/3
+(0.1 Vde)/3
= +0.033333 Vdc [lo]

I

ST6B2ype = +(T6B2)/3
+(0.01 Vde)/3
= +0.003333 Vdc [1o]

I

This module is modeled as a summer to combine the two measured input tolerances by utilizing equations
determined in Section 4.17.

oour = [(kl*ogrroR Xy’ + (K2*Ggrror Y)Z]O'S
by substitution,
ST6Bypc = #[(k1*ST6Blypc)’ + (k2*ST6B2ypc)’]"?

+[(0.5%0.033333 Vde)* + (0.5%0.003333 Vdc)’]*’
= £0.016750Vdc [1o]

Il

Convert to % Flow by multiplying by 125% Flow and dividing by 10 Vdc.

ST6B = #(0.016750 Vdc)(125% Flow / 10 Vdc)
= +0.209375 % Flow [lo]
4, Section 11.6.2.1.5: Delete existing text under section 11.6.2.1.5 and replace with the following new text
as follows:

11.6.2.1.5 Input Uncertainty (cinput6A and cinput6B)

In addition to its own error terms, Modules 6A and 6B also operate on the error terms from Module 6.
Therefore, the random error terms (66 and 66¢) from Module 6 must be transferred through Modules 6A
and 6B. The resultant terms will be cinput6 A and cinput6B for this module. However since 66 and 66¢
includes the total flow Reference Accuracy (RA6(;)) as noted in section 11.6.1.1.6, RA6() will be
subtracted from the values of 66 and o6¢ to determine cinput6A and cinput6B. This is because the
reference accuracy of Module 6A (RA6A) is expressed in terms of total overall uncertainty.

cinputbA = =+ (125% Flow/100% CS)[[(100% CS /125% Flow)*(c6)]*- (RA60))"1*’
=+ (125% Flow/100% CS)[[(100% CS /125% Flow)*(2.112581)1*- (0.5 % CS)*1**
= =+2.018012 % Flow

oinput6Asy = = (125% Flow/100% CS)[[(100% CS /125% Flow)*(c6c)]’- (RA6()° 1>’

=+ (125% Flow/100% CS)[[(100% CS /125% Flow)*(1.035450)]> (0.5 % CS)*|*’
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= +0.825549 % Flow

For the Comparator Trip, input errors are combined by modeling the comparator as a summer per
equations in section 4.17, because the comparator is influenced by two input uncertainties. As such, the
process errors will cancel each other (see section 4.9). Therefore, cinput6A,y will be utilized to
determine ocinput6B as follows:

+[(k1*oinputbAsy)’ + (k2*cinput6Aay)’]®’
+[(0.5%0.825549 % Flow) + (0.5%0.825549 % Flow)'1"*
+0.583751 % Flow [1o]

cinput6B

Il

(Note that use of 66 and 66¢ values in this determination is slightly conservative, because the values of 66
and o6 includes calibration and setting tolerance uncertainties associated with the ABB RFM output
isolator, and the output isolator does not contribute uncertainty to the bistable circuits. Impact due to this
conservatism is negligible compared to the other error terms.)

5. Section 11.6.2.1.6: Delete existing text under section 11.6.2.1.6 and replace with the following new text
as follows:
11.6.2.1.6 Determination of Module Random Error (66A, c6B)
Using the methodology of Reference 3.3,
o6A = =[(RA6Aqs) + RD6AG) + (CAL6AY + (ST6A()” + (cinput6AY’ 1™’ % Flow
20 Y2 2 ) 3705
= £[(1.25)" + (0)* + (0.030775)" + (0.416663)" + (2.018012)°]"” % Flow
=  12.410275 % Flow [lo]
66Aay = [(RA6A1e)’ + (RD6A(s) + (CALEA) + (ST6Aq,) + (cinput6Aav)’]** % Flow
= £[(1.25)* + (0)* + (0.030775)* + (0.416663) + (0.825549)"1°° % Flow
= #1.555180 % Flow [16]
66B = =[(RA6A1q)* + (RD6A() + (CALGB) + (ST6B)” + (cinput6B)’1>* % Flow
= [(1.25)2 + (0)? + (0.021763)* + (0.209375)* + (0.583751)*1*° % Flow
= +1.395556 % Flow [lo]
11.6.2.2 Module 6A Non-Random Errors (2e6A)
1. Section 11.6.2.2.9: Delete existing text under section 11.6.2.2.9 and replace with the following new text

as follows:

11.6.2.2.9 Non-Random Input Error (einput6A and einput6B)

In addition to its own error terms, Modules 6A and 6B also operate on the error terms from Module 6.
Therefore, the non-random error term (Ze6) from the Module 6 must be transferred through the ABB
Bitable from input to output. The resultant terms will be einput6A and einput6. From Section 11.1.2.10,

einputbA = Te6  +1.845461 % Flow
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For the Comparator Trip, input errors are combined by modeling the comparator as a summer per
equations in section 4.17.

einput6B = +(kl1*Ze6) + (k2* Zeb)
=  £(0.5*1.845461 % Flow) + (0.5*1.845461 % Flow)
+1.845461 % Flow [lo]
2. Revise section 11.6.2.2.10 as follows:

11.6.2.2.10 Non-Random Error (Ze6A, Xe6B)

From Reference 3.3 the non-random error is the algebraic sum of all the above terms. In addition, all
terms except einput6A and einput6B are in % CS and must be multiplied by 125/100 to convert to %

Flow.
Ye6A = £(125/100)*(e6AH + e6AT + e6AR + e6AS + e6ASP + e6AP + e6Ap + e6AV)
+ einput6A % Flow
= £(125/100)*(0 +0+0+0+0+0+0+0)+ 1.845461 % Flow
= =£1.845461 % Flow
Ye6B = +(125/100)*(e6AH + e6AT + e6AR + €6AS + e6ASP + e6AP + e6Ap + e6AV)

+ einput6B % Flow

= £(125/100)%(0 + 0+ 0+ 0+ 0+ 0+ 0 + 0) + 1.845461 % Flow
= +1.845461 % Flow
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12.0  INSTRUMENT CHANNEL TOTAL ERRORS

1. Revise section 12.1.1 as follows by applying the recalculated module errors:
Tenurp = #(2 * 04D + Xe4D)
Tenarp = +(2*2.581939 +1.970337)
Tenars = +7.134215 % Power

And the AV total error for TLO is determined as

Tenarpavy = +(2 * 04Dayv + ZedDay)
Tenarpavy = +(2*2.228588+1.150337)
TenApB( AV) = +5.607513% Power
2. Revise section 12.1.2 as follows by applying the recalculated module errors:
Tenarpsio = +(2 * 04Dg1o + Ze4Dsio)
Tenappsio = +(2*2.509742 + 1.841154)
TenAFBSLO = +6.860638 % Power

And the AV total error for SLO is determined és

TenAFB(AV) SLO = (2 * 64Davsio + Ze4Davsio)
TenAFB(Av) SLO - :i:(2 *2.208686 + 1. 021154)
TCI’IAFB(AV) SLO = +5.438526 % Power
3. Revise section 12.3 as follows by applying the recalculated module errors and Level 2 methodology

defined in minor revision 2A:

Tengrs = (o5C + Ze5C) % Power [Ref 3.34]
+(65C4sy + Ze5Cay) % Power [Ref 3.34]

TenRFB(AV)

These uncertainty terms include both the uncertainties associated with the RBM neutron signal and the
Recirculation Flow Monitor. From Sections 11.5.3.1.6 and 11.5.3.2.10:

Tenges = £(2.714373 + 2.056459) % Power
Tengrrs = +4.770832 % Power

And
TenRFB(AV) = i(2.240011 + 1.236459) % Power
TenRFB(AV) = +3.476470 % Power

4. Revise section 12.5 as follows by applying the errors from the ABB RFM
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Tengevmu and Tengemu(ay) are made up of the uncertainty terms from Recirculation Flow Monitor 64.
From Sections 11.6.2.1.6 and 11.6.2.2.10:

TCI’IRFMU
TeanMU
TCIIR_FMU

And

TenRFMU(AV)
TenRFMU(AV)
TenRFMU(AV)

1

+(266A4 + Xe6A) % Flow
+(2 * 2.410275 + 1.845461) % Flow
+6.666011 % Flow

+(266A 4y + Ze6A4) % Flow
+(2 * 1.555180 + 1.845461) % Flow
+4.955821% Flow

Note that for the RFM loops there were no non-random terms associated with the process. Therefore, the

non-random term Xe6A is applicable to both the AL and AV total error terms.

5. Revise section 12.6 as follows by applying the errors from the ABB RFM

Tengrvc and Tengpmc(avy are made up of the uncertainty terms from Recirculation Flow Monitor 6B.
From Sections 11.6.2.1.6 and 11.6.2.2.10:

TeanMc
TenRFMc
TenRFMC

+(206B + Ze6B) % Flow
+(2 *1.516003 + 1.845461) % Flow
+4.877467 % Flow

Per Section 4.9, the process variables have already been removed from the uncertainty terms for the
comparator trip. Therefore,

TenRFMC(AV)

= TenRFMc =

+4.877467 % Flow
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13.0 ERROR ANALYSIS SUMMARY

1. Delete section 13.0 and replace with the following:

Per section 4.15, the GE Flow Units have been replaced with ABB RFM Flow Units. Therefore,

calculation results are based on ABB RFM Flow Unit uncertainties.

2. Revise section 13.1.1 as follows:
NTSPg1p, = FCSgp*W + (ALgrpa0s — Tenars)
NTSPsrp: = Q.61*W+(69.76 — 7.134215)
NTSPgrp; = 0.61*W +62.625785, rounded to 0.61W + 62.6 % Power

In similar fashion the Allowable Value can be calculated using the applicable uncertainty (5.607513 %
Power) from Section 12.1.1

AVgrp = FCSgp*W + NTSPsrpr0s + Tenarpav)

AVgrp =  0.61*W+62.625785 + 5.607513

AVsrpr = 0.61*W + 68.233298, rounded to 0.61W + 68. 2 % Power
3. Revise section 13.1.2 as follows:

NTSPsre =  FCSgp*W + (ALsrpios — Tenarg)

NTSPgrp = O.54*W+(57.39—6.860638)

NTSPsrpi = 0.54*W+ 50.529362, rounded to 0.54W + 50.5 % Power

In similar fashion the Allowable Value can be calculated using the applicable uncertainty (3.438526 %
Power) from Section 12.1.2

AVgrp =  FCSgp™*W + NTSPgrpios + Tenarpav)

AVgrp = 0.54*W +50.529362 + 5.438526

AVgrp = 0.54*%W + 55.967888, rounded to 0.54W + 55.9 % Power
4. Revise section 13.1.3 as follows:

NTSPgrpors =  FCSgp*W + (ALsrparsos — Tenars)

NTSPstporn = 0.61*W+(58.51-7.134215)

NTSPgsrporn = 0.61*W +51.375785, rounded to 0.61W + 51.3 % Power

In similar fashion the Allowable Value can be calculated using the applicable uncertainty (3.607513 %
Power) from Section 12.1.1

AVsrprB = FCSgp*W + NTSPgteorsos + Tenarsav)
AVsrorp 0.61*W+ 51.375785 + 5.607513
AVsrers 0.61%W + 56.983298, rounded to 0.61W + 56.9 % Power

Il

1l
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5. Revise section 13.1.4 as follows:
NTSPstrirs =  FCSgp*W + (ALstrireos — Tenars)
NTSPstpirs = 0.54*W+ (46.14 — 6.860638)
NTSPsrpire = 0.54*W + 39.279362, rounded to 0.54W + 39.2 % Power

In similar fashion the Allowable Value can be calculated using the applicable uncertainty (3.438526 %
Power) from Section 12.1.2

AVgipirp = FCSgp*W + NTSPgrpirpos T Tenarpav)
AVsTpiRB = 0.54*W+39.279362 + 5.438526
AVsrpirp = O0.54*W+44.717888, rounded to 0.54W + 44.7 % Power
6. Revise section 13.3.1 as follows with new total uncertainty and in accordance with minor revision 2A of

this analysis:

AVRBMz = NTSP + TeanB(Av) % Power
AVerem = 0.66*W + 51 + 3.476470 % Power
AVirpw = 0.66*W + 54.476470 % Power

Because the computed AV is in excess of the Reference 3.15 value, the fixed offset of the final NTSP
should be lowered at least 0.48 %. For conservatism, the final calibration NTSP should be:

NTSPRBM2 = 0.66W + 50.5% Power

7. Revise section 13.3.2 as follows with new total uncertainty and in accordance with minor revision 2A of
this analysis:

AVigpmi = NTSP + Tenggg(av) % Power
AVeemi = 0.66*W +45.7+ 3.476470 % Power
AVRBM] = 0.66*W + 49.176470 % Power

Because the computed AV is in excess of the Reference 3.15 value, the fixed offset of the final NTSP
should be lowered at least 0.48 %. For conservatism, the final calibration NTSP should be:

NTSPrem1 = 0.66W +45.0% Power

8. Revise section 13.5 as follows:

From Section 12.5 the total uncertainty for this function is +6.666011% Flow. From Reference 3.3 the
relationship between NTSP and AL for an upscale trip is:

ALRFMU = NTSPRFMU + TeanMU % Flow
ALRFMU = 108 + 6.666011 % Flow
ALRFMU = 114.666011 % Flow

In similar fashion the Allowable Value can be calculated using the applicable uncertainty (4955821 %
Flow) from Section 12.5.

AVR_FMU = NTSPRFMU + TenRFMU(AV) % Flow
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10.0

13.7

AVremu = 108 +4.955821 % Flow
AVremy 112.955821% Flow

Revise section 13.6 as follows:

From Section 12.6 the total uncertainty for this function is +4.877467% Flow. From Reference 3.3 the
relationship between NTSP and AL for an upscale trip is:

ALRFMC = NTSPRFMC + TeanMC % Flow
ALgrmc = 10+ 4.877467 % Flow
ALRFMC = 14.877467 % Flow

Per Section 4.9 the process term has already been removed from the uncertainty terms for the comparator
trip. Therefore,

AVRFMU = ALRFMC = 14.877467 % Flow

Add a new section 13.7 and subsections for as-left / as-found tolerances for the APRM flow biased trips
for use in instrument performance trending as follows:
As-Left / As-Found Tolerances For APRM Flow Biased Trips
As-Left / As-Found Tolerances (ALT’s /AFT’s) are determined for calibrated components, circuits, and
modules associated with the APRM flow biased trips. As-Left / As-Found Tolerances are determined in
accordance with the methodology provided in section 2.4 as follows:
Module As-Left Tolerance (ALT):
ALT = +[RA?+MTE* + REyr]>

Module As-Found Tolerance (AFT):

AFT = +[RA’ +RD’ + MTE® + REyre’]”
where,
RA = Module Reference Accuracy
RD = Module Vendor Specified Instrument Drift
MTE = Module Measurement and Test Equipment (M&TE) Error

REutE = Module M&TE Readability

If a particular calibrated component or circuit (or module) is not provided with a reference
accuracy specification, the setting tolerance applied during module calibration will be used in
place of the reference accuracy specification.

The APRM flow biased trips consists of the following calibrated components or circuits, (or
modules):

a) Recirculation Flow Transmitters (Module 1)
b) ABB RFM Input Isolators (Module 6y;)
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¢) ABB RFM Square Root Converters (Module 6gRr)
d) ABB RFM Summer (Module 6syy)

¢) ABB RFM Output Isolator (Module 6¢;)

f) APRM Flow Biased Trip Circuit (Module 4D).

As-Left / As-Found Tolerances are determined for each of these modules per the above
methodology as follows:

13.7.1 Recirculation Flow Transmitters (Module 1) As-Left / As-Found Tolerances

a)

b)

d)

RA: Fromsection 11.1.1.1,
RAlg = +0.25%CS
RD: From section 11.1.1.2,
RDlg = + 0.606306 % CS

MTE Uncertainty: From Section 11.1.1.3, the uncertainty of the test equipment used to calibrate
module 1 input setting is £0.868971 % CS (16) which includes MTE readability uncertainty.
This uncertainty value is converted to a 2-sigma value as follows:

MTElgr iy = %2 *(0.868971 % CS)
+1.737942 % CS

Per Section 11.1.1.3, the DMM used to calibrate the transmitter output is a Fluke 45 which has an
uncertainty of £0.012141 mVdc (1c). Per References 3.5.y and 3.5.z, the calibrated span is 16
mVdc. This uncertainty is converted to units of % CS and converted to a 2-sigma value as
follows:

MTElfrour = +2 *[(0.012141 mVdc /16 mVdc) * 100 % CS)]
= +0.151763 % CS
therefore,
MTElgr = #[MTElgrn® + MTElfrour ™

+[(1.737942 % CS)* + (0.151763 % CS)*]**
£1.744556 % CS

Il

RE: As noted above, MTElry includes reading error. Per section 11.1.1.3, the reading error
associated with the DMM is included in the uncertainty value. Therefore,

RElfr Mt = 0

ALT / AFT: By substitution into section 13.7 equations ALT1 and AFT1 are determined and
converted into transmitter calibrated output units of mVdc,

ALTl;r =  #[RAlgr’ + MTEle + RElprmre ]
+(16 mVde/100 % CS)*[(0.25 % CS)* + (1.744556 % CS)* + (0)°1*°
+0.281980 mVdc, (rounded to £0.282 mVdc)
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13.7.2

13.7.2.1

AFTlgr = +[RAlgf +RDlpr? + MTElpr? + RElprvrer]™
= +(16 mVdc/100 % CS)*[(0.25 % CS)* + (0.606306 % CS)*
+(1.744556 % CS)* + (0°1*°

= £0.298201 mVdec, (rounded to £0.298 mVdc)

The calculated As-Left Tolerance (ALT1gr) bounds the flow transmitter setting tolerance which
is 0.08 mVdc per Reference 3.5.y and 3.5.z.

ABB RFM (Module 6) As-Left / As-Found Tolerances

Per section 8.6, the ABB RFM reference accuracy is provided as an overall accuracy specification.
Accuracy specifications are not provided for individually calibrated circuits. Therefore, per methodology
provided in section 2.4, setting tolerances for individually calibrated circuits will be substituted.

RA = ST

Additionally, the ABB RFM drift specification is also provided as an overall accuracy specification (0.5
% CS). Drift specifications are not provided for individually calibrated circuits. As such, the drift
associated with each calibrated circuit will be divided between the four calibrated RFM circuits (input
isolator, square root converter, summer, and output isolator). Drift is considered to be a random
uncertainty. Therefore, drift for each individually calibrated RFM circuit is considered to be,

Driftcg=  £[(0.5 %CS)*/4]%
= 40.25%CS

Per References 3.5.y and 3.5.z, the calibrated span is 10 Vdc, and drift uncertainty is converted to units of
Vdc as follows:

Drit = 2(0.25 % CS/100 % CS) * 10 Vdc
+0.025000 Vde

ABB RFM Input Isolator Circuit (Module 6;) As-Left / As-Found Tolerances
a) RA: From References 3.5.y and 3.5.z and section 13.7.2 reference accuracy is,
RA6y; = ST6y = +0.05 Vdc
b) RD: From section 13.7.2 drift is,
RD6y =  +0.025000 Vdc
c) MTE Uncertainty: From Section 11.6.1.1.3.a, the uncertainty of the test equipment used to

calibrate module 6y; input setting is +0.868971 % CS (1) which includes MTE readability
uncertainty. This value is converted to a 2-sigma value and converted to units of Vdc as follows:

Il

MTE6y v +2 * (0.868971 % CS /100 % CS) * 10 Vdc

= £0.173794 Vdc

From section 11.6.1.1.3.a, the uncertainty of the DMM used to calibrate module 6;; output is
+0.002462 Vdc. This uncertainty value is converted to a 2-sigma value as follows:
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MTE6our = %2 *(0.002462 Vdc)

= +0.004924 Vdc
therefore,
MTE6y = *[MTE6yn’ + MTE6y our’]™
= +[(0.173794 Vdc)’ + (0.004924 Vdc)*>
= +0.173864 Vdc
d) RE: As noted above, MTE6y, 1y includes reading error. Per section 11.6.1.1.3, the reading error

associated with the DMM is included in the uncertainty value. Therefore,

RE6ymre = 0

€) ALT /AFT: By substitution into the section 13.7 equations ALT6y and AFT6y are determined as
follows:

ALT6]] = i[RA61[ 2 + MTE6H 2 + RE6H MTEZ]O'S
+[(0.05 Vdc)? + (0.173864 Vdc)* + (0)11%
= +0.180911 Vdc, (rounded to +0.181 Vdc)

AFT6; = +[RA6y*+RD6,%+ MTE6y? + RE6y mre ]’
+[(0.05 Vdc)? + (0.025000 Vdc) + (0.173864 Vdc)* + (0)"1%
= %0.182630 Vdc, (rounded to +0.183 Vdc)

The calculated As-Left Tolerance (ALT6y) bounds the input isolator setting tolerance which is
0.05 Vdc per Reference 3.5.y and 3.5.z.
13.7.2.1.2 ABB RFM Square Root Converter Circuit (Module 6sg) As-Left / As-Found Tolerances

a) RA: From section 13.7.2, RA = ST. From References 3.5.y and 3.5.z, there is an input setting
tolerance (+0.05 Vdc) and an output setting tolerance (+0.025 Vdc). Therefore,

RA6SR IN = ST6SR IN = +0.05 Vdc
RA6sr out ST6gr our +0.025 Vdc

Convert RA6gg pv to an equivalent square root converter output value by utilizing equations and
the calibrate flow value (75% flow = 3.6 Vdc) determined Section 4.16:

y = (K)(oerror)/[2(0)"°]

by substitution, RA6sg v is converted to equivalent square root converter output value (RA6sg v
EQ)

RA6srneg = 2[(3.162278 Vdc/Vde™*)*( RAGsg ))/[2(3.6 Vdc)®’]
= +[(3.162278 Vdc/Vdc®*)*( 0.05 Vde))/[2(3.6 Vdc)™]
=+0.041667 Vdc

therefore,
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b)

d)

i

RA6gr +[RAbsk v EQ2 +RA6sg our ]’
+[(0.041667 Vdc)® + (0.025 Vdc)*]>

+0.048592 Vdc

RD: From section 13.7.2 drift is,
RD6gg = £0.025000 Vdc

From section 11.6.1.1.3.b, the uncertainty associated with the DMM used for measuring the input
setting for module 6y is £0.002462 Vdc (15). This value is converted to an equivalent square
root converter output value by utilizing equations and calibrated flow value (75% flow = 3.6 Vdc)
determined Section 4.16:

y = (&) (orrror)/[2(x)*’]

By substitution, MTE6gg 1v is converted to equivalent square root converter output value
(MTE6sg v EQ):

MTE6sk neqie) = +[(3.162278 Vde/Vde*)*( RAGsg m))/[2(3.6 Vde)®’]
+[(3.162278 Vde/Vde®*)*(0.002462 Vdc))/[2(3.6 Vdc)™]
+0.002052 Vdc

This value is converted to a 2-sigma value,

MTE6simeq = (2 * 0.002052 Vdc)
+0.004104 Vdc

From section 11.6.1.1.3.b, the uncertainty associated with the DMM used for measuring the
output setting for module 6gg is £0.002462 Vdc (16). This value is converted to a 2-sigma value,

MTE6gr our= (2 *0.002462 Vdc)
= +0.004924 Vdc
therefore,

MTE6sg = [ MTE6sgr neq 2 + RA6sg our ™’
+[(0.004104 Vdc)’ + (0.004924 Vdc)]*?
= £0.006410 Vdc

RE: Per section 11.6.1.1.3, the reading error associated with the DMM is included in the
uncertainty value. Therefore,

RE6sg mTE = 0

By substitution into the section 13.7 equations, ALT6sg and AFT6gy are determined as follows:

+[RA6sg > + MTE6sg > + RE6sg wire ]
£[(0.048592 Vdc)? + (0.006410 Vdc)* + (0)1*°
= £0. 049013 Vdc, (rounded to £0.049 Vdc)

ALT6gr

I

AFT6sg = +[RA6gr?+ RD6sg? + MTE6gr” + RE6gg w161
+[(0.048592 Vdc)® + (0.025000 Vdc)? + (0.006410 Vdc)* + (0)°1*°
= 0. 055021 Vdc, (rounded to £0.055 Vdc)
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13.7.2.1.3

a)

b)

d)

The calculated As-Left Tolerance (ALT6sgr) bounds the square root converter setting tolerance
which is 0.025 Vdc per Reference 3.5.y and 3.5.z.
ABB RFM Summer Circuit (Module 6g) As-Left / As-Found Tolerances

RA: From section 13.7.2, RA = ST. From References 3.5.y and 3.5.z, the output setting
tolerance is £0.010 Vdc. Therefore,

RA6sym = ST6sym = +0.010 Vdc

RD: From section 13.7.2 drift is,
RD65UM= +0.025000 Vdc
From section 11.6.1.1.3.c, the uncertainty associated with the two DMM’s used for measuring the

input setting for module 6gyy is £0.002462 Vdc (16). This value is converted to an equivalent
summer output value by utilizing equations determined Section 4.17:

cour = [(k1*0errorx)” + (K2*Gerrorv)'1"

by substitution,
MTE6summeque = +{(kI*MTE6summ )’ + (K2*MTE6sum m )]’
= +[(0.5%0.002462 Vdc)* + (0.5%0.002462 Vdc)*]%?
= £0.001741Vdc

This value is converted to a 2-sigma value,

MTE6SUM INEQ ~ i(2 * 0001741Vd(§)
+0.003482 Vdc

From section 11.6.1.1.3.¢, the uncertainty associated with the DMM used for measuring the
output setting for module 6syy is £0.002462 Vdc (16). This value is converted to a 2-sigma
value,

MTEésUM ouT = :t(2 *0.002462 VdC)
+0.004924 Vdc
therefore,
MTEb6sum = [ MTE6summeq” + RA6sumour’ 1™’

+[(0.003482 Vdc)? + (0.004924 Vdc)]*?
+0.006031 Vdc

RE: Per section 11.6.1.1.3, the reading error associated with the DMM is included in the
uncertainty value. Therefore,

RE6ggr mTE = 0
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e) By substitution into the section 13.7 equations, ALT6sr and AFT6gy are determined as follows:
ALT6sum = £[RA6sum > + MTE6sum > + RE6sum mre’ ]
= +[(0.010 Vdc)® + (0.006031 Vdc)* + (0)*]°°
=£0. 011678 Vdc, (rounded to +0.012 Vdc)
AFT6sym = +[RA6gum > + RD6syym > + MTE6sg” + RE6sum M1t 1
= +[(0.010 Vdc)? + (0.025000 Vdc)* + (0.006031 Vdc)® + (0)°1%°
= 0. 027593 Vdc, (rounded to ==+0.028 Vdc)
The calculated As-Left Tolerance (ALT6gyy) bounds the summer setting tolerance which is 0.01
Vdc per Reference 3.5.y and 3.5.z.
13.7.2.4 ABB RFM Output Isolator Circuit (Module 6¢;) As-Left / As-Found Tolerances
a) RA: From References 3.5.y and 3.5.z and section 13.7.2 reference accuracy is,
RA6g = ST6g = +0.010 Vdc
b) RD: From section 13.7.2 drift is,
RD6o; = +0.025000 Vdc
c) MTE Uncertainty: From section 11.6.1.1.3.d, the uncertainty of the DMM used to calibrate
module 6¢; input is +0.002462 Vdc. This uncertainty value is converted to a 2-sigma value as

follows:

MTE60] our ~ +2 * (0002462 VdC)
= 30.004924 Vdc

From section 11.6.1.1.3.d, the uncertainty of the DMM used to calibrate module 6¢; output is
+0.002462 Vdc. This uncertainty value is converted to a 2-sigma value as follows:

MTE6oiour = *2 * (0.002462 Vdc)

= £0.004924 Vdc
therefore,
MTE6y; = *[MTE6o;n” + MTE6o1our']™*
= [(0.004924 Vdc’ + (0.004924 Vdc)’]™*
= +0.006964 Vdc

d) RE: Per section 11.6.1.1.3, the reading error associated with the DMM is included in the
uncertainty value. Therefore,

RE6oimTe = 0
€) ALT /AFT: By substitution into the section 13.7 equations ALT6¢; and AFT6¢ are determined
as follows:

ALT60; = +[RA601%+MTE6q” + RE6or Mt ]
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= #[(0.010 Vdc)® + (0.006964 Vdc)* + (0)1"?
= +0.012186 Vdc, (rounded to £0.012 Vdc)

AFT6q = +[RA60; +RD6¢; 2 + MTE60,” + RE60; e 1"
+[(0.010 Vdc)? + (0.025000 Vdc)” + (0.006964 Vdc)® + (0)°1>
= +0.027812 Vdc, (rounded to +£0.028 Vdc)

Il

The calculated As-Left Tolerance (ALT60;) bounds the output isolator setting tolerance which is
0.01 Vdc per Reference 3.5.y and 3.5.z.
13.7.3 APRM Flow Biased Trip Circuit (Module 4D) As-Left / As-Found Tolerances
a) RA: From sections 11.4.4.1.1,
RA4D;4 = +0.625 % Power
This uncertainty value is converted to a 2-sigma value as follows:

RA4D

Il

+2 * (0.625 % Power)
+1.250000 % Power

b) RD: From section 11.4.4.1.2,
RD4Dyq) = £1.74553 % Power
This uncertainty value is converted to a 2-sigma value as follows:

RD4D = +2 *(1.74553 % Power)
+3.491060 % Power

c) MTE Uncertainty: Module 4D is calibrated by applying a simulated power input signal along
with a simulated 75% recirculation flow input signal. The simulated power input signal is
adjusted while the simulated 75% flow input signal is kept constant while monitoring the module
for trip actuation. Both input signals are measured by a Fluke Model 8500A which per section
11.4.4.1.3, has an uncertainty of £0.00018 Vdc (16). Therefore uncertainty associated with
power and flow signal measurement is,

MTEADpoweR (16) vbe = +0.00018 Vdc
MTEA4Drrow (1) vbe = +0.00018 Vdc

Per 3.5.y and 3.5.z, the calibrated span is 10 Vdc. MTE4Dpower (10) voc 18 converted to units of %
Power and converted into a 2-sigma value as follows:

MTE4Drower = £2%(0.00018 Vdc/ 10 Vdc) * 125 % Power
+0.004500 % Power

Per 3.5.y and 3.5.z, the calibrated span is 10 Vdc. MTE4Dgow (1) vic is converted to units of %
Power and converted into a 2-sigma value as follows:

I

MTE4Dg ow +2*(0.00018 Vdc / 10 Vdc) * 125 % Flow

+0.004500 % Flow

I
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d)

MTE4Dpower and MTE4Dg ow are converted to an equivalent output value by applying the
methodology established in sections 11.4.4.1.5.1 and 11.4.4.1.5.2.

For Two Loop Operation (TLO):
+[ MTE4Dpower > + (0 623333 * MTE4Dg ow)’ 1"’

+[(0.004500 % Power) +((0.623333)*( 0.004500 % Flow)) ]
+ 0.005303 % Power

MTE4D110

For single Loop Operation (SLO):

MTE4Dg o = +[ MTE4Dpower > + (0.553333 * MTEA4D¢ow)’ ]
+[(0.004500 % Power)* + ((0.553333)*( 0.004500 % Flow))’]"’
+0.005143 % Power

RE: The DMM is a digital output device, and therefore, the reading error is considered to be the
least significant increment of the display (or resolution) (see Reference 3.34). Per section 9.1,
reading error is included in the uncertainty value.

READ MTE — 0

ALT / AFT: By substitution into section 13.7 equations ALT4D and AFT4D are determined and
converted into module 4D calibrated output units of Vdc,

For Two Loop Operation (TLO):

ALT4Dr0 = £(10 Vdc/ 125% Power)*[RA4D > + MTE4DTLO + RE4Dyre ]’
= +(10 Vdc / 125% Power)* [(l 250000 % Power)?
+(0.005303 % Power)” + (0)°1*°

= +0.100001 Vdc, (rounded to £0.100 Vdc)

AFT4Dr0 = (10 Vdc / 125% Power)*[RA4D % + RD4D ? + MTE4D10°
+RE 4DMT1~:2]0'5
= (10 Vdc/125% Power)* [(1.250000 % Power)’
+(3.491060 % Power)
+(0.005303 % Power)” + (0)°]%°

= +0.296648 Vdc, (rounded to £0.297 Vdc)
For Single Loop Operation (SLO):
ALT4Dg = #(10 Vdc / 125% Power)*[RA4D* + MTE4DSLO + RE4Dyre ]’
= +(10 Vdc / 125% Power)* [(1 250000 % Power)?
+(0.005143 % Power)” + (0)°1°
= +0.100001 Vdc, (rounded to £0.100 Vdc)
AFT4Dg 0 = +(10 Vdc / 125% Power)*[RA4D? + RD4D * + MTE4Dg, o

+ RE4Dyre’]*’
= #(10 Vdc / 125% Power)* [(1.250000 % Power)*
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+(3.491060 % Power)’
+(0.005143 % Power)” + (0)*]*°

= +0.296648 Vdc, (rounded to +£0.297 Vdc)
From the above resuits, impact on ALT and AFT due to TLO vs. SLO is negligible.

The calculated As-Left Tolerance (ALT4D) bounds the Module 4D setting tolerance which is
0.04 Vdc per section 11.4.4.1.4.



I ANALYSIS NO. L-001345 REVISION NO. 002D PAGE NO. 46 I

140 CONCLUSIONS

1. Revise Section 14.1 as follows:

14.1.1 Simulated Thermal Power Upscale (Scram) - Two Loop Operation

Analytical Limit: 0.61W + 69.76 % Power
Tech Spec AV: 0.61W + 68.2 % Power
Tech Spec NTSP: 0.61W + 62.6 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint should
be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/- 0.04 Vdec.

For example, with an 75% drive flow, the Tech Spec NTSP is 108.35% (0.61*75 +62.6). Since
108.35% on a 125% scale corresponds to 8.668 Vdc on a 10 Vdc scale [10Vdc*108.35%/125%], a
setpoint of 8.628 +/- 0.04 Vdc is recommended for 75% drive flow.

14.1.2 Simulated Thermal Power Upscale (Scram) Single Loop Operation

Analytical Limit: 0.54W + 57.39 % Power
Tech Spec AV: 0.54W + 55.9 % Power
Tech Spec NTSP: 0.54W + 50.5 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint should
be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with an tolerance of +/- 0.04 Vdc.
For example, with an 75% drive flow, the Tech Spec NTSP is 91.00% (0.54*75 + 50.5). Since 91.00%
on a 125% scale corresponds to 7.280 Vdc on a 10 Vdc scale [10Vdc*91.00%/125%], a setpoint of
7.240 +/- 0.04 Vdc is recommended for 75% drive flow.

14.1.3 Simulated Thermal Power Upscale (Rod Block) Two Loop Operation

Analytical Limit: 0.61W + 58.51 % Power
Tech Spec AV: 0.61W + 56.9 % Power
Tech Spec NTSP: 0.61W +51.3 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint should
be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/- 0.04 Vdc.

For example, with an 75% drive flow, the Tech Spec NTSP is 97.05% (0.61*75 +51.3). Since 97.05%
on a 125% scale corresponds to 7. 764 Vdc on a 10 Vdc scale [10Vdc*97.05%/125%], a setpoint of
7.724 +/- 0.04 Vdc is recommended for 75% drive flow.

14.1.4 Simulated Thermal Power Upscale (Rod Block) Single Loop Operation

Analytical Limit: 0.54W + 46.14 % Power
Tech Spec AV: 0.54W +44.7 % Power
Tech Spec NTSP: 0.54W + 39.2 % Power

Calibration setpoint: Since the setpoint is calibrated at a specific drive flow, the nominal setpoint should
be set at least 0.04 Vdc below the corresponding Tech Spec NTSP with a tolerance of +/- 0.04 Vdc.

For example, with an 75% drive flow, the Tech Spec NTSP is 79.70% (0.54*75 +39.2). Since 79.70%
on a 125% scale corresponds to 6.376 Vdc on a 10 Vdc scale [10Vdc*79.70%/125%), a setpoint of
6.336 +/- 0.04 Vdc is recommended for 75% drive flow.
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2. Revise Section 14.5 as follows:

14.5

Recirculation Flow Monitor - Upscale

Tech Spec NTSP: 108 % Flow
Tech Spec AV: 111 % Flow
Calculated AV: 112,95 % Flow
Calculated AL: 114.66 % Flow

Reference 3.27 requested that these values be evaluated against an AL of 116 % Flow. As the
calculation shows there is a positive margin of about_1.34 % Flow between the calculated AL and
that of Reference 3.27.

3. Revise Section 14.6 as follows:

14.6

Recirculation Flow Monitor - Comparator

Tech Spec NTSP: 10 % Flow
Tech Spec AV: 11 % Flow
Calculated AV: 14.87 % Flow
Calculated AL: 14.87 % Flow

Reference 3.27 requested that these values be evaluated against an AL of 19 % Flow. This
calculation indicates that there is positive margin between the calculated AL and the value from
Reference 3.27.

4, Revise Section 14.7 as follows:

14.7  From References 3.5.s, 3.5.t, and 3.5.y, 3.5.z, the required accuracy for the pneumatic calibrator
is specified as +2.0" W.C. For the normal temperatures involved in the Reactor Building, i.e., up
to 118 °F, the calculated accuracy of the Wallace and Tiernan pneumatic calibrator exceeds this
value (Section 9.2). Therefore, the calibration procedures should be revised to indicate the
increased uncertainty or to limit the ambient temperature allowed during calibration.

5. Add the following new conclusion section 14.9:
149  As-Left/ As-Found Tolerances for APRM Flow Biased Trips are:

Recirculation Flow Transmitters (Module 1):

ALTlg = +0.282 mVdc
AFTlgr = +0.298 mVdc

ABB RFM Input Isolator Circuit (Module 6y):
ALT611 = +0.181 Vdc
AFT6; = +£0.183 Vdc

ABB RFM Square Root Converter Circuit (Module 6gg):
ALT6SR = +0.049 Vdc
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AFT65R = +0.055 Vdc

ABB RFM Summer Circuit (Module 6gyy):
ALT6SUM = +0.012 Vdc
AFT6SUM = +0.028 Vdc

ABB RFM Output Isolator Circuit (Module 6¢y);
ALT6 = £0.012Vdc
AFT6g = +0.028 Vdc

APRM Flow Biased Trip Circuit (Module 4D);
ALT4D = £0.100 Vdc
AFT4AD = +0.297 Vdc)

The calculated As-Left Tolerances for the above modules bounds the module setting tolerances as
noted in sections 13.7.1, 13.7.2, and 13.7.3.
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150 CALCULATION SPREADSHEET

1. Delete section 15.0 in its entirety. This spreadsheet was included for reference only, and it was
utilized for verifying computations. It is no longer required and is therefore being deleted.
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