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REVISION HISTORY
REVISION DESCRIPTION OF CHANGE
2 Revised to validate the Technical Specification Low Flow Reactor Trip setpoint

and Allowable Value. The format of the calculation was also revised to follow
the calculation methodology presented in EGR-NGGC-0153.

Revised to add informative note describing a potential source of available margin
due to reduced secondary calorimetric uncertainty. Revised plant operating
parameters; cold leg temperature revised to 547.6°F (from 546°F), RCS system
pressure to 2250 psia (from 2235 psia). Several additions have been made to
clarify the information presented in this calculation (ex. New Section 5.17, notes
added to Sections 6.6 and 6.7, and others).

This revision includes the change of transmitter type due to Engineering Change
54509. This EC changed the transmitter type from a Rosemount model 1152 to a
Rosemount model 1154 for FT-416, 425, 426, 434, and 435. This revision

also changed the Allowable Value determination to evaluate the Technical
Specification Allowable Value against the Technical Specnﬂcatxon Setpoint
(Section 8.0). Revised comparator AFT to provide additional conservatism for
the determination of AV. Corrected numeric error in the computation of the Low
Flow trip TLU. Miscellaneous editorial corrections.

Editorial corrections. Revised Section 9.3 heading to reflect proper comparator
modules. Removed extraneous text out of the AFT and ALT equations in the
Scaling Calculations section (Section 9.0).

Also corrected the computed As Found Tolerance values for the comparators in
Section 9.3.
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This calculation computes the loop uncertainties associated with the indication and trip
functions provided by the Reactor Coolant System Flow instrumentation loops. The loops
addressed in this calculation also provide input to the Emergency Response Facility
Information System (ERFIS). Uncertainties at the input to ERFIS are calculated.

Uncertainties are calculated for normal and seismic conditions. This calculation develops the

Reactor Protection System (RPS) setpoint associated with each instrument loop. This
calculation also calculates the Allowable Value for the RPS setpoint addressed in this

calculation.

The instrument loops containing the following components are addressed in this calculation:

FT-414
FQ-414
FC-414
FM-414
F1-414
FC-414/R
FM-414/R
[F-414

.. Fr-424
FQ-424
.. FC-424
FM-424
F1-424
FC-424/R
FM-424/R
F-424

FT-434
FQ-434
FC-434
FM-434
F1-434
FC-434/R
FM-434/R
F-434

FT-415
FQ-415
FC-415
FM-415
FI-415
FC-415/R
FM-415/R
F-415

FT-425
FQ-425
FC-425
FM-425
F1-425
FC-425/R
FM-425/R
F-425

FT-435
FQ-435
FC-435
FM-435
FI-435
FC-435/R
FM-435/R
F-435

FT-416

FQ-416

FC-416

FM-416

FI-416

FC-416/R

FM-416/R

F-416 |
FT-426 i
FQ-426 '

FC426 A

FM-426 o
FI-426 LT
FC-426/R
FM-426/R
F-426

FT-436
FQ-436
FC-436
FM-436
FI-436
FC-436/R
FM-436/R
F-436
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2.0 FUNCTIONAL DESCRIPTION

The main components of the Reactor Coolant System are the Reactor, Steam Generators, the
Pressurizer, and the reactor coolant pumps. The reactor coolant pumps provide forced
cooling for the reactor during normal operation. The instrument loops addressed in this
calculation serve to monitor reactor coolant flow in each loop and provide the following
protective function:

¢ Low Flow Reactor Trip

2.1 NORMAL FUNCTION R ‘e

During normal operation, the instrument loops addressed in this calculation provide reactor
coolant loop flow indication (FI-414, 415, 416, 424, 425, 426, 434, 435 and 436) and input to
the Emergency Response Facility Information System (ERFIS).

2.2 ACCIDENT MITIGATING FUNCTION

The instrument loops addressed in this calculation provide a Reactor Trip on Low reactor

coolant flow in any loop. This trip serves to protect against DNB following a loss of forced .-, -+ -

reactor coolant flow. A Reactor Trip occurs when two out of three flow signals fall below
the Low Flow setpoint. Per Reference 4.7.1, this trip is credited in the Safety Analysxs to-
protect against loss of forced coolant flow events.

2.3 POST ACCIDENT MONITORING FUNCTION

Per Reference 4.6.2, these instrument loops are Regulatory Guide 1.97 D3 instruments, which
are used as backup and diagnostic instrumentation.

2.4 POST SEISMIC FUNCTION

These instruments are seismically qualified to ensure that safety / protection functions remain
operable following a seismic event.
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3.0 LOOP DIAGRAM
FI-414
IND
FM-414/R FM-414 F-414
w VA Gsolatory | | YV ERFIS
FT-414 FQ-414 FC-414/R FC-414 |___5 Low Reactor Coolant Flow
XMTR Power Supply wv COMP Reactor Trip

Note: Same configuration for loops F-415, 416, 424, 425, 426, 434, 435, and 436.
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TAG NUMBER FUNCTION MAKE AND LOCATION REFERENCE
MODEL
FT-414,415, 424, Transmitter | Rosemount Containment 4.1.1-3,4.74
436,416, 425, 426, 1154HP5
434, 435
FQ-414, 415, 416 Power Hagan Optimac Hagan Rack 4.1.1-3,4.7.4
FQ- 424, 425, 426 Supply Model 137-121
FQ- 434, 435,436 Or NUS SPS 801
FC-414/R, 415/R Vv Hagan Model Hagan Rack 4.1.1-3,4.7.4
FC-416/R, 424/R 3110554-000 .
FC-425/R, 426/R
FC-434/R, 435/R
FC-436/R
FM-414/R, 415/R  IAY Hagan Model Hagan Rack 4.1.1-3,4.7.4
FM-416/R, 424/R 3110554-000
FM-425/R, 426/R
FM-434/R, 435/R
FM-436/R
FM-414, 415, 416 Vi Hagan Model 110 | Hagan Rack 4.1.1-3,4.74
FM-424,425,426 | Isolator Or NUS OCA 800
FM-434, 435,436
FC-414,415,416 = | Comparator | Hagan Model 118 | Hagan Rack 4.1.1-3,4.74
FC-424, 425, 426 Or NUS SAM 800
FC-434, 435, 436
F1-414, 415, 416 Indicator International RTGB 4.1.1-3,4.74

FI-424, 425, 426
FI-434, 435, 436

Instruments 2520

Instrument Identification
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4.0 REFERENCES

4.1 DRAWINGS

4.1.1 5379-3524, Hagan Wiring Diagram, Revision 13

4.1.2 5379-3525, Hagan Wiring Diagram, Revision 15

4.1.3 5379-3526, Hagan Wiring Diagram, Revision 14

4.14 HBR2-11260, Zone Map For Environmental Parameters Reactor Building Elevation
228 ft, Sheet 5, Revision 2

4.1.5 HBR2-11133, RTGB Panel A - Left Vertical Section, Sheet 6, Revision 4

4.2 CALCULATIONS

4.2.1 RNP-E-1.005, 120 VAC Instrument Bus Voltage Evaluation, Revision 2

422 Deleted

4.2.3 RNP-M/MECH-1651, Containment Analysis Inputs, Revision 11

424 RNP-M/MECH-1741, 32-5015594-00, Appendix K, Power Upgrade Operating
Conditions, Revision 0

4.3 REGULATORY DOCUMENTS

4.3.1 Regulatory Guide 1.97, Rev. 3, “Instrumentation for Light Water-Cooled Nuclear .
Power Plants to Assess Plant and Environs Conditions During and Following an
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4.4 TECHNICAL MANUALS

4.4.1 728-589-13, Vendor Manual Hagan, Revision 23
44.2 728-399-88, Auxiliary Indicating Meters Bulletin Model 2500 2520, Revision 3
443 728-012-10, Vendor Manual Rosemount, Revision 27

4.5 CALIBRATION AND MAINTENANCE PROCEDURES

4.5.1 1P-060, Reactor Coolant Flow Channel 414, Revision 8
4.5.2 LP-061, Reactor Coolant Flow Channel 415, Revision 8
453 LP-062, Reactor Coolant Flow Channel 416, Revision 8
4.5.4 LP-063, Reactor Coolant Flow Channel 424, Revision 7
4,5.5 LP-064, Reactor Coolant Flow Channel 425, Revision 7
4.5.6 LP-065, Reactor Coolant Flow Channel 426, Revision 8
457 1P-066, Reactor Coolant Flow Channel 434, Revision 7
4.5.8 LP-067, Reactor Coolant Flow Channel 435, Revision 7
4,59 LP-068, Reactor Coolant Flow Channel 436, Revision 7

4.6 PROCEDURES

46.1 EGR-NGGC-0153, “Engineering Instrument Setpoints”, Revision 10
4.6.2 TMM-026, “List of Regulatory Guide 1.97 Instruments”, Revision 21
4.6.3 MMM-006, Calibration Program, Revision 23

4.6.4 MMM-006, Appendix B-3 Calibration Data Sheets, Revision 3

4.6.5 EST-047, Reactor Coolant Flow Test (18 months), Revision 20

4.6.6 OST-020, Shiftly Surveillances, Revision 21
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4.7 OTHER REFERENCES

4.7.1 Updated Final Safety Analysis Report, Revision 15 (For information only)

4.7.2 Technical Specifications, Amendment 176 (For information only)

4.7.3 RNP-F/NFSA-0045, RNP Cycle 21 Reload Plant Parameter Document, Revision 2
474 EDB

4.7.5 ASME Steam Tables 6™ edition

4.7.6 R82-226/01, DBD for Control Room Habitability Modifications 993&994, Revision 6
4.7.7 Operability Determination No. 95-022

4.7.8 ASME Fluid Meters Their Theory and Application, Sixth Edition, 1971

479 ESR97-00195

4.7.10 WCAP-11889, “RTD Bypass Elimination Report”

47.11 EE 87-113

4.7.12 EE 90-073

4.7.13 EC 54509
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5.0 INPUTS AND ASSUMPTIONS

5.1 The accuracy of a typical test resistor is on the order of £0.01%. Therefore, the test
resistors used during calibration are assumed to have a negligible impact on the overall
uncertainty calculation.

5.2 Per Reference 4.7.6, the ambient temperature in the control room varies from 70°F to
77°F during operation. The calibration temperature for the indicator is assumed to be
60°F. Therefore, a change in temperature of 17°F (9.4°C) is used to compute the
indicator temperature effect.

5.3 The Westinghouse 3110554-000 Computer Signal Conditioner is a high precision
resistor. Based on the high accuracy of the resistor, the resistor has a negligible impact on
the overall loop uncertainty computation.

5.4 Per Reference 4.7.6, the maximum temperature of the Hagan rack rooms is 82°F. Per
Reference 4.6.1, the racks may experience an additional 10°F heat rise during operation.
The ambient temperature at the time of calibration is assumed to be S0°F. Therefore, a
change in temperature of 42°F is used to compute the temperature effect associated with
rack components.

82°F + 10°F - 50°F = 42°F

5.5 Per Reference 4.6.1, reference acéu}éby 'ij;ﬁiéail‘j' includes the effects of linearity,
hysteresis, and repeatability. The indicator reference accuracy given in Reference 4.4.2 is
assumed to include the effects of linearity, hysteresis, and repeatability.

5.6 Per References 4.5.1 through 4.5.9, the I/V module is calibrated as part of a string. Per
Reference 4.4.1, the I/V module is a resistor. Resistors typically experience negligible
drift. Therefore, any resistor drift throughout the fuel cycle is negligible and is accounted
for during the string calibration.
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5.7 Per Reference 4.1.4, the minimum operating temperature for Containment is 88°F. Per
Reference 4.2.3, the maximum Containment temperature is 130°F. The transmitters are
not calibrated during normal plant operation. Therefore, the temperature at the time of
calibration may be lower than 88°F. For conservatism, an assumed calibration
temperature of S0°F is used to compute the transmitter temperature effect.

5.8 Per Reference 4.6.1, the normalized relationship between flow and differential pressure is
given by the following equation:

FR = /AP

The equation used to convert random uncertainties from % AP Span to % Flow Span is
derived by taking the total derivative of the flow equation as follows:

d dp dp
dFR = —2— AP = —P_ — dFR = =2
JAP 2+ AP 2FR

where,

dFR = flow uncertainty (% Flow Span)
dp = differential pressure uncertainty (% AP Span)
FR = actual flow rate (% Flow Span)

To obtain the equation used to convert random uncertainties from % Flow Span to %
AP Span, the equation given above is solved for “dp”.

*dp = 2(FR)dFR)
* - Multiply by a factor of 100 to obtain % AP Span
5.9 During normal operation, RCS flow remains constant at approximately 100% Flow which

equates to 83.33% Flow Span (100% Flow Span = 120% Flow). Therefore, this
calculation considers flow rates from 40 to 100% Flow Span.
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Per Reference 4.7.3, the analytical limit for the Low RCS Flow Reactor Trip setpoint
is 87% of the Technical Specification minimum RCS flow requirement. These loops
are scaled to provide an indication of 0 to 120% Flow. Per Reference 4.7.9, an
analytical limit of 87% Flow Span is more conservative than 87% Flow. Therefore,
the RCS Low Flow Reactor Trip setpoint is calculated based on an analytical limit of
87% Flow Span.

Per Reference 4.6.1, the normalized relationship between flow and differential
pressure is given by the following equation:

FR = /AP

The equation used to compute percent differential pressure span from a given percent
flow span is obtained by solving the equation for AP. Therefore,

AP =100% AP Span

2
(100% Flow Span)
where,

FR =Flow Rate

Per Reference 4.7.9, if all variables are treated as constants except density (p) and
differential pressure (AP), the following equatlon 1s used to compute the theoretical
flow through an elbow meter:

m= K4/pAp
where,

mass flow rate (Ibm / hr)
Flow Coefficient

fluid density (Ibm / ft°)
differential pressure (inwc)

© RB
mononon

>

P
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For calibration conditions, the flow equation is as follows:

mc = K4/pc Apc

For operating conditions, the flow equation is as follows:
my = Ky/py Apy

Assuming a constant mass flow rate for calibration and operating conditions, the
following equation is written:

mN=mc

Therefore,

K'\/pN Apy = K\/pc Ap.

Solving for APy yields the following equation:

Apy = (p—c)Apc
Pn
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The process measurement effect, expressed in terms of % AP Span, due to changes in
RCS fluid density from those assumed for calibration is obtained with the following

equation:
BLAPC —Ap,
PMEpensiry (% AP Span) = ) 100% AP Span = P 100% AP Span
AP Span AP Span
Therefore,
PMEpensiy (% AP Span) = | ~~—2_— 1100% AP Span S
AP Span

5.13  Per Reference 4.6.1, the normalized relationship between flow and differential
pressure is given by the following equation:

FR = +/AP

The equation used to convert bias uncertainties from % AP Span to % Flow Span is
derived using perturbation methods. The flow equation with uncertainties in the
differential pressure and flow terms is,

FR +f= 4/AP+dp
where,

FR = actual flow (% Flow Span)

f flow uncertainty (% Flow Span)

AP differential pressure (% AP Span)

dp = differential pressure uncertainty (% AP Span)

Taking the difference between the two equations given above yields the following,

FR+f—FR=1/AP+dp—w/AP =f =1/AP+dp—w/AP
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The equation given above is simplified by using the normalized relationship between
flow and differential pressure as follows,

*f =,JFR? +dp ~FR
* - Multiply by a factor of 100 to obtain % Flow Span

To obtain the equation used to convert from % Flow Span to % AP Span, the equation
given above is solved for “dp”. Therefore, the equation used to convert from % Flow
Span to % AP Span is as follows,

*dp = (FR +f)* ~FR?
* - Multiply by a factor of 100 to obtain % AP Span

Per Reference 4.2.4 and Design Input 5.16, RCS cold leg temperature during normal
operation is approximately 547.6°F at 2250 psia, which is in agreement with
Robinson Dynamic Plant Data PLT View. Per Reference 4.7.10, the uncertainty
associated with the RCS average temperature is +4°F. For conservatism, RCS cold -
leg temperature is assumed to vary between 537.6°F and 557.6°F during normal
operation. Therefore, per Reference 4.7.5, the following densities are used to
compute the process measurement effect associated with density variations of the
RCS cold leg fluid:

pc =47.01789 Ibm/ ft> (calibration, 547.6°F)
Pmax =47.64037 Ibm / ft> (maximum, 537.6°F)
Pmn = 46.36606 Ibm / £t (minimum, 557.6°F)
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HBR2 replaced all RCS Flow Transmitters with Rosemount transmitters. After the
new transmitters were installed, the differential pressure (AP) required to indicate
100% RCS Flow was determined for each of the 9 RCS Flow Transmitters. Based on
discussions with station personnel and a review of Reference 4.7.7, the RCS Flow
Transmitter 100% AP values were scaled to the process range of 0 to 120% RCS
Flow, yielding AP values for 120% RCS Flow. These values were then documented
in the scaling documents for their respective transmitters. Since the RCS flow
transmitters have not been normalized to 100% flow since the initial scaling, it is
assumed that the existing scaling documents (Reference 4.6.4) contain the correct
span values for each of the 9 RCS Flow Transmitters. [Note that the calibration
values in 4.6.4 have been rounded to the nearest inwc, so the actual transmitter 100%
range value must be calculated using the input / output recorded in Reference 4.6.4.]

The RCS cold leg temperature is based on 0% tube plugging in the Steam Generators,
which is the most conservative value.

The computations performed in this calculation are carried to several significant
digits, but are presented rounded to two decimal places. Hand verification using the
rounded values may result in slightly different results due to round off error.
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6.0 CALCULATION OF UNCERTAINTY CONTRIBUTORS

6.1 ACCIDENT EFFECTS (AE)

Per Reference 4.6.2, the indication functions are required to provide backup indication
following an accident. However, Category 3 loops are not required to be qualified for harsh
environmental conditions. Therefore, accident effects are not computed for the indication
functions.

Per Reference 4.7.1, the Low Flow Reactor Trip is credited in the safety analysis for
terminating loss of forced coolant flow events. Per Reference 4.7.2, this trip servesto
prevent violating the DNBR limit due to low flow in one or more loops. This trip is not
credited to terminate any event which results in a harsh Containment environment. Therefore,
accident effects are not included in the total loop uncertainties for this trip function.
However, this function must be available following a seismic event. Therefore, seismic
uncertainties are included in the total loop uncertainties for this function.

6.1.1 Accident Temperature Effect (ATE) R

Per Section 6.1, accident effects are not analyzed for these loops. CE e

6.1.2 Accident Pressure Effect (APE) R PR AR R

The transmitter in each loop is a differential pressure transmitter, and per Section 6.1, accident
effects are not analyzed for these loops.

6.1.3 Accident Radiation Effect (ARE)

Per Section 6.1, accident effects are not analyzed for these loops.
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6.2 SEISMIC EFFECT (SE)

Per Reference 4.7.4, the transmitters addressed in this calculation are Rosemount 1152HP5 and
Rosemount 1154HP5. Per Reference 4.4.3, the seismic effect associated with a model 1152
transmitter is 20.25% Upper Range Limit (URL), and the seismic effect associated with a
model 1154 transmitter is £0.50% URL. For conservatism, the seismic effect associated with
the model 1154 transmitter is used in this calculation. Per Reference 4.4.3, the URL for both
models is 750 inwc. Each loop has a different span. For conservatism, the minimum calibrated
span of 385 inwc (Section 9.1) is used to calculate the transmitter seismic effect. Therefore,

B = £0.50% URLGM) = 40.97% Span

85inwc

The indication functions provided by each loop are not required post seismic event. Therefore,
the indication loop uncertainties do not include the transmitter seismic effect. The seismic
uncertainties are included in the total loop uncertainties for the trip function only.

6.3 INSULATION RESISTANCE ERROR (IR) N

Per Section 6.1, accident effects are not analyzed for these loops. .
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6.4 PROCESS MEASUREMENT ERROR (PME)

6.4.1 Process Measurement Error

Per Reference 4.7.7, the RCS flow loops were adjusted to indicate 100% Flow at full power
during initial plant startup after refueling outage 4. A precision flow calorimetric is
performed after each refueling outage to verify that RCS flow remains above the minimum
Technical Specification flow (Reference 4.6.5). Therefore, the only process measurement
effects which need to be considered are normal RCS density variations during operation and
the uncertainties associated with the precision flow calorimetric. Thermal Expansion Effects
and Installation Effects are calibrated out as a result of the normalization process. '

6.4.2 Flow Calorimetric Uncertainties

NOTE
The 2.6% RCS Flow value in the following paragraph was determined prior to the
implementation of the ultrasonic feedwater flow monitoring instrumentation system. This
system provides indications of feedwater flow that are much more accurate than previously
available. As a result, the uncertainty of Secondary Heat Balances has been significantly

reduced. Since the uncertainty of the Secondary Heat Balance is used in the determination of- |

the £ 2.6% Flow value used below, the value should remain bounding and contain some
margin that could be captured in the future if desired. e g

Per Reference 4.7.7, the uncertainties associated with the precision flow calorimetric are
12.6% Flow which equates to +2.17% Flow Span (2.6% Flow / 120% Flow * 100% Flow
Span). Therefore, the Flow Calorimetric Uncertainties (FCU) are as follows:

FCU (% Flow Span) =2.17% Flow Span

N R T
(SRS IR L8 B !
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Per Design Input 5.8, the following equation is used to convert uncertainties from % Flow
Span to % AP Span:

FCU (% AP Span) = 2 (FR {FCU (% Flow Span))
where,

FR =Flow Rate

Note: The decimal fraction for the flow rate and uncertainty is used in the equation.

Flow Rate FCU. -
(% Flow Span) | (% AP Span)
100% 4.34%
87% 3.78%
60% 2.60%
50% 2.17%
40% 1.74%

6.4.3 Process Denéitv Effects

Per Design Input 5.12, the following equation is used to compute the process measurement

effect bias terms ‘associated with RCS fluid dénsity variations (DE) during normal operation:” ~~ " /o0

Pe _

DE (% AP Span) = (
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For conservatism and to maximize the DE term, AP is set equal to AP Span. Therefore,

DE (% AP Span) = (PL— )100% AP Span

N
From Design Input 5.14, the following densities are used to compute the DE terms:

pc =47.01789 Ibm/ ft®
Pmax = 47.64037 Ibm / ft>
pPMm = 46.36606 1bm / ft>

Therefore,
DE (% AP Span) = 1.41% AP Span -1.31% AP Span

Per Design Input 5.13, the following equation is used to convert the DE uncertainties from
% AP Span to % Flow Span:

DE (% Flow Span) = '100(JFR2 +DE (% AP Span) —FR)

where,
FR =Flow Rate_
Note: The decimal fraction for the flow rate and uncertainty is used in the equation.

Therefore,

Flow Rate positive DE negative DE
(% Flow Span) | (% Flow Span) | (% Flow Span)

100% 0.70% -0.66%
87% 0.81% -0.76%
60% 1.16% -1.10%
50% 1.39% -1.33%

40% 1.73% -1.67%
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6.5 PRIMARY ELEMENT ERROR (PE)

Per Reference 4.7.8, the repeatability of an un-calibrated elbow is +4.00% Flow Reading.
Therefore,

PE =14.00% Flow Reading

Therefore,
Flow Rate PE
(% Flow Span) | (% Flow Span)
100% 4.00%
87% 3.48%
60% 2.40%
50% 2.00%
40% 1.60%

Per Design Input 5.8, the following equation is used to convert random primary element
uncertainties from % Flow Span to % AP Span:

PE (% AP Span) = 100(2 FR (PE (% Flow Span)))

where, FR = Flow Rate

Note: The decimal fraction for the flow rate and uncertainty is used in the equation.

Flow Rate PE
(% Flow Span) | (% AP Span)
100% 8.00%
87% 6.06%
60% - 2.88%
50% 2.00%
40% 1.28%
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6.6 TRANSMITTER (FT-414, FT-415, ¥T-416, FT-424, ¥T-425, FT-426, FT-434,
FT-435, AND FT-436)

6.6.1 Transmitter’s Unverified Attributes of Reference Accuracy (RAymtr)

Per Reference 4.4.3, the reference accuracy of the transmitter is £0.25% Span and includes
the effects of linearity, hysteresis, and repeatability. Per References 4.6.3, the transmitter is
calibrated to £0.50% Span at nine points (5 up and 4 down). Therefore, the calibration
procedure verifies the attributes of linearity and hysteresis but not repeatability. Per
Reference 4.6.1, the following equation is utilized to compute the repeatability portion of the
transmitter reference accuracy:

Repeatability = + RA o + 0.25% Span

V3 3

=40.14% Span

Therefore,

RA yme = $0.14% AP Span

6.6.2 Transmitter Calibration Tolerance (CALymr)

Per Reference 4.6.3, the transmitter is calibrated to £0.50% Span. Therefore,

CALymy = +0.50% AP Span

6.6.3 Transmitter Drift (DRym)

Per Attachment C, the transmitter drift is given as 10.20% Upper Range Limit (URL) over a
time period of thirty months. Per Reference 4.4.3, the URL for a range code 5 transmitter is
750 inwc. Each loop has a different span. For conservatism, the minimum calibrated span of
385 inwc (Section 9.1) is used to calculate the transmitter drift term. Therefore,

DR, = i(o.zo% URL) — £0.20% (750mwc

- )= +0.39% AP Span
Span 385inwc
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6.6.4 Transmitter M&TE Effect (MTE mtr)

A DMM, pressure gauge, and the instrument loop test point resistor are used to calibrate the
transmitter. Per Reference 4.6.1, the combined (SRSS) accuracy of all the M&TE used to
calibrate the transmitter is better than or equal to the calibration accuracy of the transmitter.
For conservatism and flexibility in the choice of test equipment, the MTE term for the
transmitter is set equal to the calibration tolerance of the transmitter.

MTExm: = +0.50% AP Span

6.6.5 Transmitter Temperature Effect (TEy;.)

Per Reference 4.4.3, the transmitter temperature effect is given as +0.75% Upper Range
Limit + 0.50% Span for a change in temperature of 100°F from the temperature at which the
transmitter was calibrated. Per Reference 4.4.3, the Upper Range Limit (URL) for a range
code 5 transmitter is 750 inwc. Each loop has a different span. For conservatism, the
minimum calibrated span of 385 inwc (Section 9.1) is used to calculate the transmitter
temperature effect. Per Reference 4.6.4, the transmitters are located in the Containment
building, and the calibration and maximum Containment temperatures are 50°F and 130°F
respectively (Design Input 5.7). Therefore, a maximum change in temperature of 80°F is
used to calculated the transmitter temperature effect. Therefore,

0.75% URL
Span

TE e = i( +0.50% spah)( AT

100°F)

TExme =+ 0.75%(M +0.50% Span 80°F =+1.57% AP Span
385inwc 100°F
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6.6.6 Transmitter Static Pressure Effect (SPEym)

Per Section 6.4.1, the transmitters were normalized to indicate 100% Flow at full power
conditions during initial plant startup. Therefore, any static pressure bias is accounted for
during calibration. However, the random dependent span and zero static pressure effects
must be included in the uncertainty calculation. Per Reference 4.4.3, the static pressure span
effect correction uncertainty is £0.50% Reading per 1000 psia. Per Reference 4.2.4, the
nominal operating pressure of the RCS is 2250 psia. Each loop has a different span. Per
Section 9.1, the maximum reading for the transmitter is approximately 429 inwc. For
conservatism, the minimum span of 385 inwc (Section 9.1) is used to compute the static
pressure span effect.

Per Reference 4.4.3, the static pressure zero effect is 20.66% Upper Range Limit per 1000
psia, and the Upper Range Limit of a range code S transmitter is 750 inwc.

Therefore, the normal static pressure effect for each transmitter is calculated with the
following equation:

SPE, = i0_50%(429anc) 2250ps.1a +0. 66%(7503nwc) 2250p5}a
385inwc ) 1000 psia 385inwc ) 1000 psia

SPExmy = +4.15% AP Span

6.6.7 Transmitter Power Supply Effect (PS m(r

Per Reference 4.4.3, the power supply effect associated with the transmitters is given as
+0.005% Span per volt variation in power supplied to the transmitter from the power
supplied at the time of calibration. Per Reference 4.4.1, each instrument loop is powered by a
Hagan Optimac Model 137-121, 45 Vdc supply or an NUS Model SPS-801 power supply.
The power supply is powered by regulated instrument buses (Reference 4.2.1). Therefore,
the power supply effect is negligible.

PSExmtr = N/ A
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6.6.8 Transmitter Total Device Uncertainty (TDUxmtr)

Per Reference 4.6.1, the Total Device Uncertainty for normal environmental conditions is
computed using the following equation:

TDUpme = 4/(CAL,, +MTE_, ) +RA_ > +DR > +TE, > +SPE >
TDUygmy = +4.57% AP Span

6.6.9 Transmitter As Found Tolerance (AF Tymtr)

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation:

AFTymy= 4/CAL,_ > +DR_ > +MTE, >

AFTymy =10.81% AP Span
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6.6.10 Transmitter As Left Tolerance (AL Tym)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTxmtr = CALxmtr
ALTyxmy = 10.50% AP Span

Error Contributor Value Type Section
. ‘RA - " - | +0.14% AP Span | Random 6.6.1
. UCAL . 7[40.50% APSpan |Random | 6.6.2
.~ - DR : - - .| +0.39% AP Span | Random 6.6.3
U MTE .. ¢ | 40.50% AP Span | Random 6.6.4
-t TE: .. - |+1.57% AP Span | Random 6.6.5
I .7 SPE - - - .|%4.15% AP Span |Random 6.6.6
-+ AsLeft Tolerance (ALT) +0.50% AP Span | Random ... 6.6.10
" As Found Tolerance (AFI‘) | £0.81% AP Span |Random = - -]6.6.9
* Total Device Uncertainty ~ | +4.57% AP Span | Random 6.6.8
"+ - (non-accident) - - -

Transmitter Uncertainty Summary
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6.7 COMPARATOR MODULE

6.7.1 Comparator’s Unverified Attributes of Reference Accurac com

Per Reference 4.4.1, the comparator reference accuracy is +0.50% Span. Per Reference 4.6.3,
the comparator is calibrated to £0.50% Span, and the calibration procedure verifies the
attributes of linearity and hysteresis but not repeatability. Per Reference 4.6.1, the following
equation is utilized to compute the repeatability portion of the comparator reference accuracy:

RA o, _ , 0.50% Span

BB

Repeatability = + =10.29% Span
Therefore,

RA omp =10.29% AP Span

6.7.2 Comparator Calibration Tolerance (CAL comp)

Per Reference 4.6.3,the comparator is calibrated to £0.50% Span. Therefore,

CALcomp = $0.50% AP Span

6.7.3 Comparator Drift (DR smp)

Per Reference 4.4.1, no drift is specified for the Hagan or NUS comparator. Per Reference
4.6.1, if no drift is specified for a device, a default value of £1.00% Span may be used.
Based on historical data, Hagan comparator drift is £0.25% Span (Attachment B). If the
default value bounds the value obtained through a review of the historical data, the default
value of +1.00% Span may be used for comparator drift (Reference 4.6.1). Therefore, the
default value of £1.00% Span is used for comparator drift for the NUS and Hagan
comparators.

DR ¢omp = +1.00% AP Span

seiegae

LRI I AEL B TR
P g
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6.7.4 Comparator M&TE Effect (MTE comp)

Per Reference 4.6.1 (Page 113), the MTE error should be less than or equal to the CAL
uncertainty for a given component. For conservatism, the MTE term for the comparator is set
equal to the CALomp term.

MTEccomp =1+0.50% AP Span

6.7.5 Comparator Temperature Effect (TEcomp)

Per Reference 4.4.1, the NUS comparator temperature effect is given as +0.04% Span per
1°C change in temperature from the temperature at the time of calibration, and no
temperature effect is specified for the Hagan comparator. Per Reference 4.6.1, if no
temperature effect is specified for a device, a default value of 0.50% Span may be used for
the temperature effect. Per Design Input 5.4, a change in temperature of 42°F (23.33°C) is
used to compute the comparator temperature effect. Therefore,

TEcomp = $£0.04% Span (
TEcomp = £0.93% AP Span

23.33°C)

1°C

Since either Westinghouse Hagan or NUS comparator may be used, the most restrictive
temperature effect (NUS comparator) is used in this calculation.

6.7.6 Comparator Power Supply Effect (PSE comp)

Per Reference 4.4.1, no uncertainty for the comparator power supply effect is specified.
Since the comparators are powered by regulated instrument buses, the comparator power
supply effect is considered to be negligible. Therefore,

PSEcomp = N/A
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6.7.7 Comparator Total Device Uncertainty (TDUomp)

Per Reference 4.6.1, the Total Device Uncertainty is computed using the following equation:
TDUcomp = /(CAL oy + MTE yrp f +RA 1” + DR (> + TE
TDUcomp = £1.72% AP Span

6.7.8 Comparator As Found Tolerance (AFT comp)

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation: - S S

AFTeomp = 4/CAL pp,? +DR (o> + MTE .

comp

However, per Reference 4.6.1, the MTE error is a random error, but due to the
interdependence between MTE and CAL, it may be combined with CAL before being
included in an overall error analysis. To provide additional conservatism for this setpoint, the
following equation is used to compute the AFT term for the RCS flow comparator:

AFTeomp = y/(CAL+MTE) +DR?

AFTcomp =+1.41% AP Span .
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6.7.9 Comparator As Left Tolerance (ALT comp)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTt:om]:» = CALcomp
ALT comp = #0.50% AP Span
Error Contributor Value Type Section
L oRAT 07| 40.299% AP Span | Random 6.7.1
. " .CAL - .- .. [40.50% AP Span | Random 6.7.2
S DR, . - | 4£1.00% AP Span | Random 6.7.3
. .'MTE ... ":|+0.50% AP Span | Random 6.7.4
SV TE 0 ] 40.93% AP Span | Random 6.7.5
- As Left Tolerance (ALT) - | £0.50% AP Span | Random 6.7.9
_As Found Tolerance (AFT)" | +1.41% AP Span | Random 6.7.8
- Total Device Uncertainty * | £1.72% AP Span | Random 6.7.7
“: . (non-accident) - - . DI

Comparator Module Uncertainty Summary
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6.8 ISOLATOR MODULE

6.8.1 Isolator’s Unverified Attributes of Reference Accuracy (RA;.1)

Per Reference 4.4.1, the reference accuracy of the NUS isolator is +0.10% Full Scale, and the
reference accuracy of the Hagan isolator is not specified. Per Reference 4.6.1, if the
reference accuracy of a device is not specified, the reference accuracy term is set equal to the
calibration tolerance of the isolator. Per Reference 4.6.3, the isolator is calibrated to £0.50%
Span, and the calibration procedure verifies the attribute of linearity but not hysteresis or
repeatability. Per Reference 4.6.1, the following equation is utilized to compute the
repeatability and hysteresis portions of the isolator reference accuracy:

+ 0.50% Span - +0.29% Span

Repeatability = £ —=L =
5 5
RA,

ol _ 4 0.50% Span
5T h
RAisor = £4/0.29% +0.29% % /Span

Therefore,
RAjso1 = 30.41% AP Span

Hysteresis =+

=$0.29% Span

6.8.2 Isolator Calibration Tolerance (CAL;) -

Per Reference 4.6.3, the isolator is calibrated to $0.50% Span. Therefore,

CALjsq =+0.50% AP Span

6.8.3 Isolator Drift (DRy.q)

Per Reference 4.4.1, no uncertainty for isolator drift is specified. The default value of
+1.00% Span is used to represent isolator drift (Reference 4.6.1) Therefore,

DRiso1 = £1.00% AP Span
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6.8.4 Isolator M&TE Effect (MTE;.1)

Per References 4.5.1-9, two DMMs are used to calibrate the isolator. Each DMM has an
accuracy of £0.25% Reading. The total MTE term is the SRSS of the individual DMM
accuracy terms. For conservatism, a maximum reading of 5 Vdc is used to compute the
accuracy of the DMMs as follows:

2
MTEj = % \/((2)[(0.25% Reading)(f1 ng)] J

MTEjsq = $0.44% AP Span

6.8.5 Isolator Temperature Effect (TE;s)

Per Reference 4.4.1, the NUS isolator temperature effect is given as +0.01% Full Scale per
1°C change in temperature from the temperature at the time of calibration, and the
temperature effect for the Hagan isolator is not specified. Per Reference 4.6.1, if the
temperature effect for a device is not specified, a default value of £0.50% Span may be used
for the temperature effect term. Per Design Input 5.4, a change in temperature of 42°F
(23.33°C) is used to compute the isolator temperature effect. Therefore,

’ 0
TEiso1 = £0.01% Full Scale[ S Vde (100% Span (23.33 c)
100% Full Scale \ 4 Vdc °c

TEisoq1 = £0.29% AP Span .

Since either Westinghouse Hagan or NUS module may be used, the most restrictive
temperature effect (default value of +0.50% Span) is used for the isolator temperature effect.

TEiso1 = 20.50% AP Span
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6.8.6 Isolator Power Supply Effect (PSE;i.o1)

Per Reference 4.4.1, no uncertainty for the isolator power supply effect is specified. Since
the isolators are powered by regulated instrument buses, the isolator power supply effect is
considered to be negligible. Therefore,

6.8.7 Isolator Total Device Uncertainty (TDUjsq)

Per Reference 4.6.1, the Total Device Uncertainty is computed using the following equation: -
TDUia = y(CAL,,, + MTE,, )’ +RA,,* +DR,,’ +TE,,’

isol isol

TDUis = +1.52% AP Span

6.8.8 Isolator As Found Tolerance (AFT;c1)

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation: TR

AFTj = /CAL,* + DR, + MTE,*
AFTjso = +1.20% AP Span
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6.8.9 Isolator As Left Tolerance (ALTjs1)

Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

ALTio= CALisq1
ALTjso1 =10.50% AP Span

Error Contributor Value Type Section

" RAY . .- .|4041% AP Span | Random 6.8.1

. .CAL. . - -|+0.50% AP Span | Random 6.8.2

. “DR-~ .. | +1.00% AP Span | Random 6.8.3

"MTE - . .|+044% AP Span | Random 6.8.4

a . TE- .- 7| 40.50% AP Span | Random 6.8.5

".- As Left Tolerance (ALT) . '] 40.50% AP Span | Random 6.8.9

" As Found Tolerance (AFT) | £1.20% AP Span | Random 6.8.8

- Total Device Uncertainty. - | +1.52% AP Span | Random . 6.8.7
- ;" '(non-accident) - . .- R

Isolator Module Uncertainty Summary
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6.9 INDICATOR

Per References 4.1.1-3 and 4.1.5, the indicators receive a differential pressure input which is
converted to % Flow Span using a square root scale. Therefore, the uncertainties associated
with the indicator are differential pressure uncertainties with the exception of the indicator
readability term.

6.9.1 Indicator’s Unverified Attributes of Reference Accuracy (RA;na)

Per Reference 4.4.2, the reference accuracy of the indicator is £2.00% Span and includes the
effects of linearity, hysteresis, and repeatability (Design Input 5.5). Per Reference 4.6.3, the
indicator is calibrated to £2.00% Span at nine points (5 up and 4 down). Therefore, the
calibration procedure verifies the attributes of linearity and hysteresis but not repeatability.
Per Reference 4.6.1, the following equation is utilized to compute the repeatability portion of
the indicator reference accuracy:

RA, + 2.00% Span

BB

Repeatability =+ =+1.15% Span
Therefore,

RAjnga =*1.15% AP Span

6.9.2 Indicator Calibration Tolerance (CAL;,q) :

Per Reference 4.6.3, the indicator is calibrated to +2.00% Span. Therefore,

CALiyg =+2.00% AP Span



CALCULATION NO. RNP-I/INST-1128
PAGE NO. 41
REVISION 5

6.9.3 Indicator Drift (DRjna)

Per Attachment D, indicator drift is specified as +1.00% Span per year. Per Reference 4.6.1,
the time interval between calibrations is 22.5 month (18 months + 25%), and the following
equation is used to compute the indicator drift:

DRiq = % . |1.00% Span| 22> Months
12 months
DRinq = %1.37% AP Span

6.9.4 Indicator M&TE Effect (MTE;;q)

Per Reference 4.5.1-9, one DMM with an accuracy of $0.25% Reading is used to calibrate
the indicator. The calibration points are cardinal points on the indicator scale (Reference
4.5.1-9). Therefore, the indicator resolution is not included in the MTE term. For
conservatism, a maximum reading of 5 Vdc is used to compute the accuracy of the DMM as
follows:

MTEng = +(0.25% Reading)( Z :,"f): +0.31% AP Span
c

6.9.5 Indicator. Temperature Effect (TE;nq)

Per Attachment D, the indicator temperature effect is specified as £0.10% Span per °C !
change from the temperature at the time of calibration. Per Design Input 5.2, a change in
temperature of 9.4°C is used to compute the indicator temperature effect.

0

TEjna =+0.10% Span[gfcc)

TEina = 0.94% AP Span



CALCULATION NO. RNP-V/INST-1128
PAGE NO. 42
REVISION 5

6.9.6 Indicator Power Supply Effect (PSE;,

Per References 4.1.1-3, the indicators are not powered by an external source. Therefore,
there is no indicator power supply effect.

PSEin¢ =N/A
6.9.7 Indicator Readability (RD;,

Per Reference 4.6.1, the indicator readability term is %2 of the smallest indicator scale
demarcation. Per Reference 4.1.5, the indicator has a square root scale with a range of 0 to
120% Flow which equals O to 100% Flow Span. Per Design Input 5.9, the flow rates
analyzed in this calculation are from 40 to 100% Flow Span. Between 40 and 100% Flow
Span, the minor divisions are 2% Flow. Therefore,

RDyyg = i(2% Flow )(100% Flow Span
2 100% Flow

): +1.00% Flow Span

6.9.8 Indicator Total Device Uncertainty (TDUjnq)

The indicator uncertainty, expressed in terms of % AP Span without the readability term, is
computed using the following equation:”™ "~ ' vl

TDU_AP,pe = 4/(CAL,, +MTE,, )* +RA,,* +DR,* + TE,,’
TDU_APjpq = +3.07% AP Span
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Per Design Input 5.8 and Reference 4.6.1, the Total Device Uncertainty, expressed in terms
of % Flow Span including the readability term, is computed with the following equation:

2
DU \/(M) +RD,*

2FR

where,

TDU_AP;jnqg  =%3.07% AP Span

FR =Flow Rate (e.g. @ 50% Flow, FR = 0.5)
RDina . =%1.00% Flow Span
Flow Rate TDUjna
(% Flow Span) | (% Flow Span)
100% 1.83%
87% 2.03%
60% 2.75%
50% 3.23%
40% 3.97%

Indicator Uncertainties

6.9.9 Indicator As Found Tolerance (AFTi,0)

Per Reference 4.6.1, the As Found Tolerance (AFT) is computed using the following
equation:

AFTj= 4/CAL,,> +DR,,> + MTE,,’

AFTjna =12.44% AP Span
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Per Reference 4.6.1, the As Left Tolerance (ALT) is computed using the following equation:

Error Contributor Value Type Section
U RACC 0| £1.15% AP Span Random 6.9.1
~ . UCAL - .. | 42.00% AP Span Random 6.9.2
‘. U DR L. - - | £1.37% AP Span Random 6.9.3
0 MTE S~ | #0.31% AP Span Random 6.9.4
LU TES [ 40.94% AP Span Random 6.9.5
oI RD Vsl | #1.009% Flow Span | Random 6.9.7
- "'As Left Tolerancé (ALT) | +2.00% AP Span Random 6.9.10
- As Found Tolerance (AFT) "’ | +2.44% AP Span Random 6.9.9
.- -Total Device Uncertainty . ‘See Table in Random 6.9.8
_~ - (non-accident).” . - Section 6.9.8

Indicator Uncertainty Summary
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7.0 TOTAL LOOP UNCERTAINTY (TLU)

7.1 TOTAL LOOP UNCERTAINTY - PLANT NORMAL

7.1.1 Total Loop Uncertainty - Indicator F1-414, 415, 416, 424, 425, 426, 434, 435, AND 436

Per Reference 4.6.1 and Design Input 5.8, the total loop uncertainty associated with the
indicator is computed with the following equation:

2 2
'ILUind=i\/PE2+(T2UFR"""’) +(%—'—) +TDU, > + FCU? + DE

where,

PE from Section 6.5

TDUgme =+ 4.57% AP Span, from Section 6.6.8

FR = Flow rate expressed as a decimal (ex., @ 87% Flow, FR = 0.87)
TDUjs1 = £1.52% AP Span, from Section 6.8.7

TDUjpa = 33.07% AP Span from Section 6.9.8

FCU from Section 6.4.2
DE from Section 6.4.3
Flow Rate " FCU TDUymir TD Ujso1
(% Flow Spah) (% Flow Span) | (% Flow Span) | (% Flow Span)
100% 2.17% 2.29% 0.76%
87% 2.17% 2.63% 0.87%
60% 2.17% 3.81% 1.27%
50% 2.17% 4.57% 1.52%
40% 2.17% 5.71% 1.90%
Flow Rate PE TDUjna random TLUj,4
(% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span)
100% 4.00% 1.83% 5.46%
87% 3.48% 2.03% 5.35%
60% 2.40% 2.75% 5.84%
50% 2.00% 3.23% 6.51%
40% - 1.60% 3.97% 7.70%
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Flow Rate positive DE negative DE | positive TLU | negative TLU
(% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span) | (% Flow Span)
100% 0.70% -0.66% 6.17% -6.12%
87% 0.81% -0.76% 6.15% -6.10%
60% 1.16% -1.10% 7.01% -6.94%
50% 1.39% -1.33% 7.90% -7.83%
40% 1.73% -1.67% 9.42% -9.37%

7.1.2 Total Loop Uncertainty - Input to ERFIS

Per Reference 4.6.1, the total loop uncertainty at the input to ERFIS is computed with the -
following equation:

TLUgres = +4/PE? + TDU

where,

PE from Section 6.5 - o
TDUyme = +4.57% AP Span, from Section 6.6.8

TDUjso1 = £1.52% AP Span, fro

iso!

2 4+TDU, *> +FCU? +DE

m Section 6.8.7

FCU from Section6.4.2 -’
DE from Section 6.4.3
random
Flow Rate PE FCU TDUxmir TDUjsal TLUgrris
(% Flow Span) | (% AP Span) | (% AP Span) | (% AP Span) | (% AP Span) | (% AP Span)

100% 8.00% 4.34% 4.57% 1.52% 10.30%
87% 6.06% 3.78% 4.57% 1.52% 8.61%
60% 2.88% 2.60% 4.57% 1.52% 6.19%
50% 2.00% 2.17% 4.57% 1.52% 5.65%
40% 1.28% 1.74% 4.57% 1.52% 5.28%
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positive negative
Flow Rate positive DE negative DE TLUgrr1s TLUgrr1s
(% FlowSpan) | (% AP Span) | (% AP Span) | (% AP Span) (% AP Span)
100% 1.41% -1.31% 11.71% -11.61%
87% 1.41% -1.31% 10.02% -9.92%
60% 1.41% -1.31% 7.60% -7.50%
50% 1.41% -1.31% 7.06% -6.96%
40% 1.41% -1.31% 6.69% -6.59%

7.2 TOTAL LOOP UNCERTAINTY - ACCIDENT
Per Section 6.1, accident effects are not computed.
7.3 TOTAL LOOP UNCERTAINTY - POST SEISMIC

7.3.1 Total Loop Uncertainty - Low RCS Flow Reactor Trip

FC-414.415,416, 424, 425, 426, 434, 435, and 436

Per Reference 4.6.1, the total loop uncertainty associated with the comparators that prov1de the
Low RCS Flow Reactor Trip is computed with the following equation:

TLUcomp = 24/PE? +TDU,,,” + TDU ..., TFQU=+SEW +DE

where,

PE =16.06% AP Span @ 87% Flow Span (Sections 5.10 and 6.5)
TDUgme = +4.57% AP Span, from Section 6.6.8

TDUcomp = *1.72% AP Span, from Section 6.7.7

FCU =13.78% AP Span @ 87% Flow Span (Sections 5.10, 6.4.2)
SExme = 10.97% AP Span from Section 6.2

DE =+1.41% AP Span -1.31% AP Span values from Section 6.4.3
TLUcomp =+8.71% AP Span 1.41% AP Span  -1.31% AP Span
TLUcomp = +10.12% AP Span -10.02% AP Span
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Per Design Input 5.8, the following equation is used to express the comparator uncertainties
in terms of % Flow Span:

TLU,,,, (% AP Span)

2FR

TLU,,. (% Flow Span)=

comp (

where, FR = 0.87 (87% Flow Span expressed as a decimal) [Design Input 5.10]

TLUcomp (%Flow Span) = +5.82% Flow Span -5.76% Flow Span

7.4 LOOP AS FOUND TOLERANCE

7.4.1 Loop As Found Tolerance - Indicator FI-414, 415, 416, 424, 425, 426, 434, 435, AND 436

Per Reference 4.6.1, the following equation is used to calculate the indicator Loop As Found

Tolerance (LAFTjnq):

LAFT;pq =+ AFT, ? + AFT, ? + AFT,
LAFTjnq =12.84% AP Span

(A

7.4.2 Loop As Found Tolerance - Input to ERFIS

Per Reference 4.6.1, the following equation is used to calculate the ERFIS Loop As Found
Tolerance (LAFTERrgs): ‘

LAFTgrps = £/ AFT, ? + AFT,,,2
LAFTggps = 1.45% AP Span
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7.4.3 Loop As Found Tolerance - Comparators

FC-414, 415, 416, 424, 425, 426, 434, 435, and 436

Per Reference 4.6.1, the following equation is used to calculate the comparator Loop As Found

Tolerance (LAFTcomp):

comp

LAFTcomp = +1.63% AP Span

LAFTeomp = £,/ AFT,,,* + AFT,, °

"Per Design Inputt 5.8, the following equation is used to express the comparator loop as found "
tolerance in terms of % Flow Span:
LAFT,,_(% AP Span)

LAFT,, (% Flow Span) = S

where, FR = 87% Flow Span (Design Input 5.10)

LAFTcomp =10.94% Flow Span

7.5 GROUP AS FOUND TOLERANCE

C e 7.5.1 Group As Found Tolerance - Indicator FI-414, 415, 416, 424, 425, 426, 434, 435, AND 436 -

Per Reference 4.6.1, the following equation is used to calculate the indicator Group As Found
Tolerance (GAFTing):

GAFTipg = #+/AFT, * + AFT, >
GAFTiq = +2.72% AP Span
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7.5.2 Group As Found Tolerance - Input to ERFIS

Per Reference 4.6.1, the following equation is used to calculate the ERFIS Group As Found
Tolerance (GAFTgrps): .

GAFTerps = £ AFT,

iso!

GAFTggrps = £1.20% AP Span

7.5.3 Group As Found Tolerance - Comparators

FC-414, 41;5, 416, 424, 425, 426, 434, 435, and 436

Per Reference 4.6.1, the following equation is used to calculate the comparator Group As Found
Tolerance (GAFTcomp):

GAFTcomp = #1.41% AP Span

Per Design Input 5.8, the following equation is used to é’)(press:the comparator group as
found tolerance in terms of % Flow Span:

. GAFT, (s Flow Span) = GAFT, oy (o APSpan 200)

where, FR = 0.87 (87% Flow Span) [Design Input 5.10]

GAFTcomp = £0.81% Flow Span
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8.0 DISCUSSION OF RESULTS

Low RCS Flow Reactor Trip Setpoint - FC-414, 415, 416, 424, 425, 426, 434, 435, and 436

The function of this setpoint is to provide a reactor trip before reactor coolant flow drops below
the Low RCS flow analytical limit. Therefore, the Low RCS Flow setpoint is a decreasing
setpoint and is computed using positive total loop uncertainties. Per Reference 4.6.1, the
following equation is used to calculate the minimum value for this setpoint:

SPimi: =2 AL+TLU
where,

SPimit = calculated setpoint limit
AL = analytical limit
TLU = total loop uncertainty

Per Section 7.3.1 of this calculation, the positive total loop uncertainty associated with this
setpoint is 5.82% Flow Span. Per Design Input 5.10, the Low RCS Flow Reactor Tnp setpomt
analytical limit is 87% Flow Span. Therefore,

SPimit = 87% Flow Span + 5.82% Flow Span
SI_’umn > 9282% Floyv Span

Per Reference 4.5.1-9, the Low RCS Flow Reactor Trip setpoint is currently calibrated to
94.68% Flow Span decreasing. The Margin (M) associated with this setpoint is computed as
follows:

M = Calibrated Setpoint - SPmit
M =94.68% Flow Span - 92.82% Flow Span
M = 1.86% Flow Span
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Per Section 7.5.3 of this calculation, the Group As Found Tolerance (GAFT) is 0.81% Flow
Span. Per Reference 4.7.3, the Technical Specification setpoint is 94.26% Span. Since the
calibrated setpoint (94.68% Flow Span Reference 4.5.1-9) is different than the Technical
Specification setpoint, the Technical Specification Allowable Value is evaluated against the
Technical Specification setpoint as follows:

AV =TSSP - GAFT, where TSSP = Technical Specification setpoint
AV 294.26% Flow Span - 0.81% Flow Span
AV 2 93.45% Flow Span

The Loop As Found Tolerance (LAFT) of 0.94% Flow Span is computed in Section 7.4.3. Per
Reference 4.6.1, the Channel Operability Limit (COL) is computed with the following equation:

COL =TSSP - LAFT, where TSSP = Technical Specification setpoint
COL =94.26% Flow Span - 0.94% Flow Span
COL = 93.32% Flow Span

Normal (100% Flow Span)
I Operating Margin (5.74% Flow Span)

yy T : 2 Setpoint (94.26% Flow Span decreésing) '

Group As Found Tolerance (0.81% Flow Span) Loop As Found Tolerance (0.94% Flow Span)

Allowable Value (2 93.45% Flow 'Span) ‘

" Channel Operability Limit (93.32% Flow Span)

Total Loop Uncertainty (5.82% Flow Span)
y

Y

I Additional Margin (1.86% Flow Span)

Analytical Limit (87% Flow Span)

Low RCS Flow Reactor Trip Setpoint Diagram

Per Reference 4.7.3, the current Technical Specification setpoint and Allowable Value are
94.26% Flow Span decreasing and 93.47% Flow Span respectively. Therefore, the current
Technical Specification setpoint and Allowable Value are conservative.
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8.1 IMPACT ON IMPROVED TECHNICAL SPECIFICATIONS

This calculation results in no changes to the Technical Specifications.
8.2 IMPACT ON UFSAR

This calculation results in no changes to the UFSAR.
8.3 IMPACT ON DESIGN BASIS DOCUMENTS

" This calculation impacts no design basis documents.
8.4 IMPACT ON OTHER CALCULATIONS

This calculation impacts the following calculations:

1. RNP-F/NFSA-0045
8.5 IMPACT ON PLANT PROCEDURES

This calculation impacts the following procedures:

LP-060, Reactor Coolant Flow Channel 414 o
LP-061, Reactor Coolant Flow Channel 415 N
LP-062, Reactor Coolant Flow Channel 416

LP-063, Reactor Coolant Flow Channel 424

LP-064, Reactor Coolant Flow Channel 425

LP-065, Reactor Coolant Flow Channel 426

LP-066, Reactor Coolant Flow Channel 434

LP-067, Reactor Coolant Flow Channel 435

LP-068, Reactor Coolant Flow Channel 436

10 MMM-006, Appendix B Calibration Data Sheets

11. EST-047, Reactor Coolant Fiow Test (18 months)

12. OST-020, Shiftly Surveillances

WRNdnRWLN =
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9.0 SCALING CALCULATIONS

9.1 FLOW TRANSMITTER (FT-414, 415, 416, 424, 425, 426, 434, 435, AND 436)

Per Reference 4.7.4, the RCS flow transmitters are Rosemount model 1154HP5 differential
pressure transmitters. Per Reference 4.4.3, range code 5 transmitters have the following
differential pressure ranges 0-150 to 0-750 inwc. Per Reference 4.7.7, each loop was
normalized to indicate 100% Flow at full power conditions.
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FT-414

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-414 is 424.78 inwc.

The transmitter is calibrated such that an input from 0 to 424.78 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

, =|2000Vde | rp 41,000 Vdc
424.78 inwc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) =14 Vdc (_%m_)) =10.032 Vdc .

ALT(Vdc) = +4 Vdc (ﬂ%‘fﬂ‘l) — +0.020 Vdc R

The calibration table for transmitter FT-414 is as follows:

Required Input | Desired Output | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdo) (Vdc)
0 1.000 0.968 to 1.032 0.980 to 1.020
106 1.998 1.966 to 2.030 1.978 to 2.018
212 2.996 2.964 to 3.028 2.976 t0 3.016
318 3.994 3.962 t0 4.026 3.974t04.014
424 4.993 4.961 to 5.025 4.973 10 5.013

Transmitter Calibration Table
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FT-415

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-415 is 429.40 inwc.

The transmitter is calibrated such that an input from 0 to 429.40 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

o=

_| 4.000Vdc
429.40 inwc

J DP +1.000 Vdc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

;AFM) = 40.032 Vde

AFT(Vdc) = +4 Vdc(

ALT(Vdc) = +4 Vdc (AL—T(::;’—OSPL“)) =+0.020 Vdc

The calibration table for transmitter FT-415 is as follows:

Required Input | Desired QOutput | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) (Vdo)
0 1.000 0.968 to 1.032 0.980 to 1.020
107 1.997 1.965 to 2.029 1.977 t0 2.017
214 2.993 2.961 to 3.025 2.973 t03.013
322 4.000 3.968 to 4.032 3.980 to 4.020
429 4.996 4.964 to 5.028 4.976 10 5.016

Transmitter Calibration Table
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FT-416

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-416 is 403.89 inwc.

The transmitter is calibrated such that an input from 0 to 403.89 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):
4.000 Vdc
403.89 inwc

o=

] DP +1.000 Vdc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
1+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(%Span) ) . 45 032 Vdc
100 -

ALT(% Span) Spa“)) =+0.020 Vdc
100 -

AFT(Vdc) =14 Vdc(

ALT(Vdc) =14 Vdc(

The calibration table for transmitter FT-416 is as follows:

Required Input | Desired Qutput | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdo) (Vdo)
0 1.000 0.968 to 1.032 0.980 to 1.020
100 1.990 1.958 t0 2.022 1.970 t0 2.010
202 3.001 2.969 to 3.033 2.981t0 3.021
302 3.991 3.959 to 4.023 3.971 t0 4.011
403 4.991 4.959 t0 5.023 497110 5.011

Transmitter Calibration Table
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FT-424

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-424 is 407.50 inwc.

The transmitter is calibrated such that an input from 0 to 407.50 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

_ ( 4.000 Vdc

o=

————— |DP +1.000 Vdc
407.50 inwc ‘

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) = +4 Vdc (——‘ M I(Z‘)’()Spa“)) =+0.032 Vdc

ALT(Vdc) = +4 Vdc (&T_(;%Mj = 40,020 Vdc

The calibration table for transmitter FT-424 is as follows:

Required Input | Desired Output | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) (Vdc)
0 1.000 0.968 to 1.032 0.980 to 1.020
101 1.991 1.959 to 2.023 1.971 t0 2.011
203 2.993 2.961 to 3.025 2.973 t0 3.013
305 3.994 3.962 to 4.026 3.974t04.014
407 4.995 4.963 t0 5.027 4.975 to 5.015

Transmitter Calibration Table
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FT-425

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-425 is 385.19 inwc.

The transmitter is calibrated such that an input from 0 to 385.19 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

, =| 2000Vde 1y, 41000 Vac
385.19 inwc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) = +4 Vdc (wj =+0.032 Vdc

ALT(Vdc) = +4 Vde (ﬂ‘—%@)’é $0.020 Vdc

The calibration table for transmitter FT-425 is as‘follows: '

Required Input | Desired Qutput | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) (Vdoc)
0 1.000 0.968 to 1.032 0.980 to 1.020
96 1.997 1.965 to 2.029 1.977 t0 2.017
192 2.994 2.962 to 3.026 2.974103.014
288 3.991 3.959 to 4.023 3.971 10 4.011
385 4.998 4.966 to 5.030 4,978 10 5.018

Transmitter Calibration Table
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FT-426

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-426 is 415.41 inwc.

The transmitter is calibrated such that an input from 0 to 415.41 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

_ ( 4.000 Vdc

o=

———— |DP+1.000 Vdc
415.41 inwc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(% Span))

AFT(Vdc) =14 Vdc( =10.032 Vdc

ALT(Vdc) = +4 Vdc (ﬂ%"osp_“")) = +0.020 Vdc

The calibration table for transmitter FT-426is'as follows: *

Required Input | Desired Output | AsFound Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) ' (Vdc)
0 1.000 0.968 to 1.032 0.980 to 1.020
100 1.963 1.931 to 1.995 1.943 to 1.983
210 3.022 2.990 to 3.054 3.002 to 3.042
310 3.985 3.953 t0 4.017 3.965 to 4.005
415 4.996 4.964 to 5.028 4.976 to 5.016

Transmitter Calibration Table
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FT-434

- Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-434 is 385.54 inwc.

The transmitter is calibrated such that an input from O to 385.54 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

_4000Vde 1pp L1000 Vde
385.54 inwc

o=

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
10.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) = 24 Vdc (———‘ \f I(l‘ﬁomm)

ALT(Vdc) = +4 Vdc (w)

) =10.032 Vdc

= +0.020 Vdc

The calibration table for transmitter FT-434 is 'as follows; = - - :-

Required Input | Desired Output | As Found Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) (Vdc)
0 1.000 0.968 to 1.032 0.980 to 1.020
95 1.986 1.954 to0 2.018 1.966 to 2.006
190 2971 2.939 to 3.003 2.951 to 2.991
290 4.009 3.977 t0 4.041 3.989 to 4.029
385 4.994 4.962 10 5.026 4,974 10 5.014

Transmitter Calibration Table
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FT-435

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-435 is 407.50 inwc.

The transmitter is calibrated such that an input from 0 to 407.50 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

_ ( 4.000 Vdc

o~

——  [DP+1.000 Vdc
407.50 inwc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
+0.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) = 24 Vdc (————‘ \I I(ltﬁ’()sl’“)) = +0.032 Vdc

ALT(% Span))

ALT(Vdc) =44 Vdc( =40.020 Vdc

The calibration table for transmitter FT-435 is as follows:.:™~ -

Required Input | Desired Qutput | AsFound Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdc) (Vdo)
0 1.000 0.968 to 1.032 0.980 to 1.020
100 1.982 1.950 to 2.014 1.962 to 2.002
200 2.963 2.931102.995 - 2.943 to 2.983
305 3.994 3.962 to 4.026 3.974 t0 4.014
407 4.995 4.963 to 5.027 4.975t0 5.015

Transmitter Calibration Table
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FT-436

Per Reference 4.6.4 and Assumption 5.15, the differential pressure (DP) associated with 120%
flow for FT-436 is 393.10 inwc.

The transmitter is calibrated such that an input from 0 to 393.10 inwc would yield an output of 4
to 20 mAdc (monitored as 1.000 Vdc to 5.000 Vdc across a precision test resistor). To facilitate
calibration, the transmitter inputs are rounded down to a whole inwc. The following equation is
used to compute the required transmitter output (Vdc) for a given differential pressure (DP)
input (inwc):

_ ( 4.000 Vdc

o =| —=———— |DP+1.000 Vdc
393.10 inwc

Per Section 6.6.9 of this calculation, the As Found Tolerance (AFT) of the transmitter is
140.81% Span. Per Section 6.6.10 of this calculation, the As Left Tolerance (ALT) of the
transmitter is £0.50% Span. The AFT and ALT are converted to voltage units with the
following equations:

AFT(Vdc) = +4 Vdc (W

) =140.032 Vdc
100

ALT(% Span)

ALT(Vdc) =44 Vdc( 160 ) =+0.020 Vdc

The calibration table for transmitter FT-436 is as follows::o om0 .- -

Required Input | Desired Output | AsFound Tolerance | As Left Tolerance
(inwc) (Vdc) (Vdo) (Vdc)
0 1.000 0.968 to 1.032 0.980 to 1.020
100 2.018 1.986 to 2.050 1.998 to0 2.038
195 2.984 2.952 to 3.016 - 2.964 to 3.004
295 4.002 3.970 to 4.034 3.982 10 4.022
392 4.989 4.957 to 5.021 4.969 to 5.009

Transmitter Calibration Table
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9.2 ISOLATOR MODULE (FM-414, 415, 416, 424, 425, 426, 434, 435, AND 436)

The isolator transfer function is as follows:
Eo=E;

Per Section 6.8.8 of this calculation, the As Found Tolerance (AFT) of the isolator is £1.20%
Span. Per Section 6.8.9 of this calculation, the As Left Tolerance (ALT) of the isolator is
+0.50% Span. The AFT and ALT are converted to voltage units with the following
equations:

AFT(Vdc) = +4 Vdc (—-—-‘ M 1(19(;’031"“‘)) =10.048 Vdc

ALT(% Span)

ALT(Vdc) = +4 Vdc( 100 ): +0.020 Vdc

The calibration table for the isolator is as follows:

Required Input | Desired Output | AsFound Tolerance | As Left Tolerance
(Vdc) (Vdc) (Vdo) (Vdc)
-1.000 - 1.000 - 0.952t01.048 ---:-| .. 0.980 to 1.020
2.000 2.000 1.952 to0 2.048 1.980 to 2.020
3.000 3.000 2.952 to 3.048 2.980 to 3.020
4.000 4.000 3.952 t0 4.048 3.980 to 4.020
5.000 5.000 4.952 to 5.048 4.980 to 5.020

Isolator Calibration Table
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9.3 COMPARATOR MODULE (FC-414, 415, 416, 424, 425, 426, 434, 435, AND 436)

Each comparator provides a Low RCS Flow Reactor Trip. Per Section 8.0 of this calculation,
the Low RCS Flow Reactor Trip setpoint is 94.68% Flow Span decreasing. The comparator
receives a differential pressure input. Therefore, the setpoint must be converted from % Flow
Span to % AP Span with the following equation (Design Input 5.11):

. 2
Setpoint(% AP Span) =100% AP Sp an( Setpoint(% Flow Span)]

120% Flow Span

The following equation is used to compute the voltage representation of the comparator
setpoint:

Setpoint(Vdc) =4V dc(Setpomt(% AP Span)

100% AP Span

) +1.000 Vdc

Therefore, the setpoint expressed in voltage units is 3.490 Vdc (94.68% Flow Span).

Per Section 6.7.8 of this calculation, the As Found Tolerance (AFT) of the comparator is
- +1:41% Span. Per Section 6.7.9 of this calculation, the As Left Tolerance (ALT) of the -
comparator is £0.50% Span. The AFT and ALT are converted to voltage units with the.. .
_following equations:

AFT(% Span) Spa“)) =40.056 Vdc -
100 T

ALT(% Span) Spa“)J =+0.020 Vdc
100 o

e

ST AFT(Vde) = 4 Vdc(

ALT(Vdc) =4 Vdc(

The following table provides calibration values for the comparators:

Setpoint Setpoint | As Found Tolerance | As Left Tolerance
(% Flow Span) (Vdo) (Vdc) (Vdce)
94.68 3.490 3.434 t0 3.546 3.470 to 3.510

Comparator Calibration Table
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9.4 INDICATOR (F1-414, 415, 416, 424, 425, 426, 434, 435, AND 436)

The indicators are scaled to provide an output of 0 to 120% Flow (0 to 100% Flow Span) for
a 1 to 5 Vdc input. The indicators receive a differential pressure signal which is converted to
a flow indication utilizing a square root scale. Therefore, the transfer function for the
indicator is as follows:

E, -1.000 Vdc
4Vdc

I, =120% Flow SpanJ

Per Section 6.9.9 of this calculation, the As Found Tolerance (AFT) of the indicator is
+2.44% Span. Per Section 6.9.10 of this calculation, the As Left Tolerance (ALT) of the
indicator is +2.00% Span. The AFT and ALT are converted to pressure units with the
following equations:

AFT(Vdc) = +4 Vdc (%): +0.098 Vdc

“ALT(VdC)=i4‘VdC(—AW)=iO.OSO Vde BT

The following table provides calibration values for the indicators: . e e et

Desired Input | Required Output | AsFound Tolerance | As Left Tolerance
(Vdc) (% Flow) (Vdc) (Vdc)
1.000 0 0.902 to 1.098 0.920 to 1.080
2.000 60 1.902 to 2.098 1.920 to 2.080
. 3.000 85 2.902 to 3.098 2.920 to 3.080
4.000 104 3.902 to 4.098 3.920 to 4.080
5.000 120 4.902 to 5.098 4.920 to 5.080

Indicator Calibration Table
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RevisionNo. 5

ID Number

Document Function Relationship to Calc. Action
Type (c.g:. Cale No., Dwg. No., ) (i.e. IN for design . (c.g. design input, assumption basis, ity if Doc. Servic
(¢.g. CALC, DWG, Equip. Tag No., Procedure | inputs or references; | reference, document affected by results) gpgc::n)f,i 1 Met. 10 Ad;s
TAG. PROCEDURE, | INo- Software name and OUT for affected g Mgt ,
SOFTWARE) version) documents) M Ada, DS Doltey”
Calculations RNP-E-1.005 IN Design Input CM Add
Calculations RNP-M/MECH-1651 | IN Design Input CM Add
Drawing 53793485 IN Design Input CM Add
Drawing 5379-3486 IN Design Input CM Add
Drawing 5379-3513 IN Design Input CM Add
Drawing 5379-3514 IN Design Input CM Add
Drawing 5379-3524 IN Design Input CM Add
Drawing 5379-3525 IN Design Input CM Add
Drawing 5379.3526 IN Design Input CM Add
Drawing HBR2-11133 IN Design Input CM Add
Drawing HBR2-11260 IN Design Input CM Add
Other Documents | 728-012-10 IN Design Input CM Add
Other Documents | 728-399-88 IN Design Input CM Add
Other Documents | 728-589-13 IN Design Input CM Add .-
Other Documents | R82-226/01 - IN Design Input CMAdd-~ « -
Other Documents | RNP-F/NFSA-0029 IN Design Input CM Add..
Other Documents | Technical IN Design Input CM Add
. .. .| Specifications Ce e . e
Other Documents { UFSAR IN Design Input CM Add
Procedures EGR-NGGC-0153 IN Reference CM Add
Procedures LP-060 IN Design Input CM Add
Procedures LP-061 IN Design Input CM Add
Procedures LP-062 IN Design Input CM Add
Procedures LP-063 IN Design Input CM Add
Procedures " | Lr-064 IN Design Input CM Add
Procedures LP-065 IN Design Input CM Add
Procedures LP-066 IN Design Input CM Add
Procedures LP-067 IN Design Input CM Add
Procedures LP-068 IN Design Input CM Add
Procedures MMM-006 IN Design Input CM Add
Procedures TMM-026 IN Design Input CM Add
Procedures EST-047 IN Design Input CM Add
Procedures OST-020 IN Design Input CM Add
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ATTACHMENT B
COMPARATOR DRIFT

Calculation No. RNP-I/INST-1128

Page

Revision No.

CALIERATION DATA SEYIT RIVIXZY STMMUXY

1 of 1

HACAN MODXL 118

TC-141 LC-949 C-1435A 7C-143
Cal. Dt.|Devia.[Cal. Dt.|[Devia.|Cal. Dt.[Devia.[Cal. Dt.|Devia.
7714784 9726784 5729784
.001
.001 | 9/25/85 .000 | 6/26/88
.001 008
670488 9724786 /70/% Ue2ree
.001 .002 004 .001
5715787 9728/87 * 4730797 /12787 .
.003 .002 .009 .003
6713738 9730788 12729788 273738
.003 .004
11720789 .001 .009 | 7/4789 °
2/26/%0 v
NACAX MODIL 118 DOAL COMPARATOR
1C-106A 1C-1063 1£-108A 1£-1088
Cal.Dt.|Devia.|Devia.[Devia.|Devis.|Devia.|Devia.|Devia.|Devia.
6714784
. .000 ] .000 | .001 | 004 | .000 | .000 | .000 | .000
4/01/38S -
. 001 ] .000 | 001 ]| .001 | .01 ] .000| Wwa| ¥/A
&£/18/7386 ' -
. 001 | 001 | .00 | .000] 002 ] .000] WaA] m/A
*§3/703/87 : :
-] 001} 003 001 ] 001} .000] 001 ] WA| WA
4706788
cem ..} 000 2001 ] 002 | 000 | .002:] 001 } WA | WA
4/704/89] -
.000 | .000 - L * L .003 | .003
4704790

* Instrument Malfunction
X/A ¥ot Availadle

5

-

v

)
"

Maxisum deviation poted between the as-found and as-left values recorded on the
available calibration daca shests wvas 009 wdec.

This value is approximately equal to 0.25X.
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© ROSEMOUNT" == romen e
~Srerc 12001 Tocnowqy Orve

Angrvucas Eoen Arpne. MM $5344
Tovay To 161 3414300
Teor 4210012
Fex 1812y $28-3088

Septamber 20, 1990

Entargy Operations
Grand Gulf Nuclear Plant . ; ] -
ESC Building ’

P.0. Box 429 =
Port Gibson, MS 39150 .-

Attention: Bob Mccain

Dear Mr. McCain:

Rosezmount: has developed a naw drift specification for the : o Tee
Model 1152, 1153 and 1154 ipressure transmittars. The - W4
specification is +.2% URL over a 30 month period. )

In addition, all normal performance specs (i.e. accuracy) can AR
be considered 3 sigma specs. The nuclear specs such as et
LOCA/HELB, radiation, and seismic ware developed based on type ..
tasting. .Due to the small sample size “of "test units, it-is
difficult' to apply statistical mathodology to these type of e
specs. :

If you have any further questions please feel free to call nme
at (612) 828-3100.

Sin

{611 ¥. Lien
Marketing Engineer

NPL:1bec

Enc: PDS 2302, 2388, 2514, 2235
Report D8600063

c: Les Callender §2
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COSrPeNg COMDErvea
Cenaret Resweance

i 7 INSRrreeans! NETrUTMeres
Trerwoucere £ Syeserne

- Brwres Mevere
| I¥ % 8

PENME TECHNOLOGY, INC. » Twin Lakes Rosa * B0 Bon 183 «Narch Brenford. CT 08471 Tel (AN 481.3721

TWX: 710-433-J088
PAX: (2T 481-88I7

June 248, 1991

CAROLINA POWER & LIGHT
P.0. Box 1551
Raleigh, NC 27602-1551

Attn: Robert Mana OHS 6th Floor

Oear Robert, - . ot
Per our conversation the drift and T.C. for International

Instrusents . sodel I520 are 1% of span per year and .1X of span .

per dagree C respectively. The accuracy following 3 saisaic .o

event are per Hil Standards for shock and vibration and are -

quoted - as --5% of -span. ..Understand. that. the assuspticn is wsade

that the seisaic event raflects both shock and vibration.

s —ee L e =g, 1

LS &

.

Should you.jlave any further information, please do not hesi-

cc: Keith Macdowall
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ATTACHMENT E
ELBOW TAP FLOW COEFFICIENT UNCERTAINTY

Calculation No. RNP-I/INST-1128

Page 1 of 1

Revision No. 5

TEEORY AND MODE OF OPERATION ”

(r,+9,)/235, , may be spplisd ts oquation JS-153)  elbews meters, 2 high degree of repestability is
h‘a"-‘ fe eczaisable [34, 23, v
§5-32 The wee of the screll case of a twrbise or

B 154) pemp aad the guide-vane speed ring of & tarbine
'.‘Pt"'""z 8- hdandulmol:umi&plmnh-:y
to use cither of these a0 of Qow -

55356 Equation (1.5-154) is an sppraximets thees  ment, & calibration must be made waisg sowe othar
retical equetion for the messwrement of [Ixid flow method of mensarement, sach se 8 tracer method.
with sm olbow and is spplicable ts any crens sectisn  (See Chapter 149 aad [36]))
that jo symmetric with respect w the $5-39 LisesrRlesistasce Maters. With these
plane. The thearstical rate of flow is , the ding characteristic is the linear

relatieaship between the pressure drop aad the flow

’R rate from zere llew wp (o some maziman rate, Bo-
ff"‘yl. 24 D'e'ﬂ Q8155 cxase of this livear relstenship, these meters have

. . . the same flow coelficient over this rnge; and, with-
tawredecing & flow coalficient, K, detarmised by o in this raage, the determinatioa of this coefficiest at

- calibestion, aad uaiag the castomary naits ol s ¥ emerste s suificient. Absve this lisear mazimum

meat (samely, 4, is.2; D sad X, insp sad 8y, rate, the ias to §
' é preaswe drop begias to iscrease
P“: ..1:' “./:?1 gives as the '1"3- for com- grodually at a faster rate than the flow, H::Z. whes
petisg e ruie Lad calibrating ene of these meters, enoegh &lferest
o . rates should be cavered 1o determine the wpper
2052834 K e (1S-188) . limis of lisearity. If the meter is to be used above
4 this poiat, the relation between rata of flow nad
ofs xt the flsid deasity, p o drop should be determined
The two most cammes forzs of primary elements

o sre capillary tabes aad perves plugs, as illustrated

in Fig.1-S-16. With the capillary tabe, the ratio of |
e=03T12S XD VD R ap/p «ofs _ (LS-1S7)  leagth te bore is the principal facter deteminiag
CEMS the relationship berween rate of flow and presswre
sad . drop. Some writers recommerd that the leagth shesld
D 1T be 150 or mare times the bors. A secoad factor is
uz03T123KD VDR pop 1b, /rec (35138} the charscter of the eatrence aad exit eads of the
’ - . tabe, ie., whether these are square or smoeth aad
~5S-ST Uslike'the three priséipal dilferential press =" well tepered [37). lastesd of & sisgle tabe, a buadle
sure meters, albew meters bave not bues the ébject *  of eapillary passages may bu a3ed to increase the
of sests md structeal recommendations by & sommis-  [low copacity. Also, it is not secessary for the
tre of the ASME or other techaical secieties. Howe passage to be of circular cross section or evea of &

sver, 8 review of published experimental data aa waiferm shape (38).
slhow metars fadicated that'the rulative reughaess The poreus-plug fora caa be made by fasteaing s

of the albew surface bad 2¢ significant effect oa flow  plug of suitable paroes 2aterial withia & vection of
messurvments. Alse, for 90-deg elbows with presswre  pipe or tubiag snd providiag cosnections [or measwr-
taps a2 4S deg 2ad tap bole dismaters, &, as recon- ing the pressure drop scross the pleg. Some of the
wended for ecifice metars, the valea of K may be materials which may be satislactory for the plag ore
computed by . stee] waol, cotron wasi, siatered alumisa, glass
wool, aad leyers of fise screcnisg s placed that the
Ke l.\r‘;‘ (15-139)  wires of adjacest layers are aok parsllel. The first
I twe are 3uited to ase with dry guses; the siatered
whea 10°cR,<c10% aad R/D 3 1.25. Flows computed alumina could be wsed at elevated temperntares;
with this valee of X and ancalibrated elbews will ba  aad the last two could be used with wet gusas or
subject to & Lolersace (sacertalnty) of abaut 2 4 per  @vea liquids. With any given pleg material, the .
cent. Wich a ealibrated albow, the tolersnce should be  principal factors iaflueacing the rate-presscre drop
compershle te that for sther types of diffarential pres-  relsion are the tightaess with which the matarial is
swe meters, With either calibrated or mealibrated pocked and the length of the plug {39].



