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APRM/RBM Neutron Monitoring Trip Loops

VYC-693A, Revision 2

Rev. No.

Approval
Date

Reason & Description of Change

Initial issue, Reflects new methodology described in
Instrument Uncertainty and Setpoints Design Guide, Rev.
0

This sub-calculation (VYC-693A) only addresses the
associated trips, with the analog output uncertainties
remaining in the parent calculation (VYC-693).

Revised to allow the use of N=44 in the RBM flow bias
equation (Setpoint < 0.66(W-AW) + N), and to reflect the
use of M&TE to set the Flow Bias value in testing the
RBM rod blocks. References to any specific operating
cycle or COLR report were removed since this calculation
is valid for any cycle where the value of N is between 42
and 44.

Incorporated VYC-693A CCNs 1, 2,3 and 4. CCN 2
attachment M and table revisions had no impact on this
revision of the calculation since the CCN was based on the
flow bias equations used prior to ARTS/MELLLA or EPU.
This revision includes the Analytical Limits and calculates
Allowable Values (ITS) Trip Setpoints and As-Found
Tolerances (CTS) to support ARTS/MELLLA and EPU.
The APRM Rod Blocks have been removed from the
Technical Specifications. The Rod Block Monitor has
been maintained in Technical Specifications; However, the
Rod Block Monitor will be treated as an indicated value
(without instrument error) for settings.

Vermont Yankee Design Engineering
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

1. PURPOSE

1.1  Calculation Objectives

This calculation has been developed in support of the Vermont Yankee Setpoints
program and covers the APRM/LPRM (Average Power Range Monitor/Local Power
Range Monitor) neutron monitoring loops. This calculation has the following major

objectives:

1) Document the instrument loop functions and the basis for the setpoints and
operator decision points associated with those functions.

2) Establish the total loop uncertainty for each i increasing’ Setpomt and verify
consistency with the design basis

3) Calculate the limiting setpoints and operator decision points.

4) Evaluate the adequacy of existing Setpoint Administrative Limits and procedural
decision points.

5) Provide As-Left and As-Found tolerances for use in instrument calibration and
functional test procedures. Verify and document process corrections, instrument
scaling, and calibration methods. The errors determined in this calculation are
based on the vendor defined opcrating characteristics.

6) This calculation does not include evaluations of the analog indicators or recorder

functions. The accuracy of the trip functions determined by this calculation will
be used as input for generic evaluations for alarm response, operating procedures,
off normal operating procedures and EOP impact.

! Low (decreasing) setpoints are not reviewed. They are indicative of a gross failure. Therefore, it is not necessary to

determine uncertainty.

Vermont Yankee Design Engineering fagc 6 of 29
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

1.2 System and Components

This calculation applies to the Power Range Monitoring Instrumentation of the Neutron
Monitoring System. The specific components to be addressed are:

Table 1: System Components
TAG RACK/
REF. NUMBER CABINET SYS | DESCRIPTION MFG. | MODEL NO. | CWD
6.18 ND-2-1-104 In-Core NM | LPRM Detector GE N/A 674, 675
(80 items)
6.18 LPRM 9-14 NM | Local Power Range | GE 135B9824G2 676, 676A,
Monitor 677,677A
6.18 APRM A, C, | 9-14 NM | Average Power | GE 920D453G1 678, 679,
E,B,D,F Range Monitor 920D453G2 ‘680, 688,
692, 693

1.3 Instrument Loop Function

Attachment A has a simplified loop diagram of the instruments and components
described below.

1.3.1

Normal Operations

During normal operation the APRMs provide the control room operators with
indications of the average reactor power from about two percent to 125 percent
via recorders on the operators console. This analog information is also provided
to the plant computer. In addition, thc APRMs are capable of generating trips
when various conditions are exceeded. These trips are:

Scram on APRM Upscale

Scram on APRM Downscale (Run Mode)

Scram on APRM Inoperative

Scram on APRM Upscale when the RMSS is not in Run (Reduced)
Rod Block on APRM Upscale

Rod Block on APRM Downscale

Rod Block on APRM Upscale when the RMSS is not in Run (Reduced)

During normal operation the RBMs provide the control room opcrators with
indications of the local average power immediately surrounding a control rod that
has been selected for withdrawal. The RBM promotes controlled rod withdrawal
by issuing rod withdrawal block signals if the reactor operator does not respond
correctly to prompts requiring operator action. The RBM issues rod withdrawal
block signals on:

e RBM Upscale

¢ RBM Downscale

Vermont Yankee Design Engineering ' Page 7 0f 29
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APRM/RBM Neutron Monitoring Trip Loops VYC-893A, Revision 2

1.3.2

1.3.3

The Rod Blocks associated with APRM and the Rod Block Monitor are not
credited for plant protection. The APRM Rod Blocks have been removed from
Technical Specifications (and placed in the VY Technical Requirements Manual
The Rod Block Monitor is maintained in Technical Specifications; however, the
setting for the RBM is treated as an indicated values (without instrument error
applied to the setting). Therefore, only the APRM trips will be evaluated in this
calculation.

The purpose of the APRM flow biased rod block function is to avoid a condition
that would require Reactor Protection System action if allowed to proceed. The
APRM flow biased rod block setting is selected to initiate a rod block before the
APRM high neutron flux scram setting is reached. The APRM flow biased rod
block setpoint value listed in the TRM is the maximum nominal trip setpoint
allowable. Calibration tolerances have been established for this setpoint that will
render the setpoint acceptable above or below the nominal value. The uncertainty
associated with the difference between the APRM flow biased scram and rod
block functions is limited to the uncertainty associated with the trip circuitry.
Common equipment (such as detectors, LPRMs, flow input and averaging
circuits) will affect both functions equally.

- VY has implemented long-term thermal hydraulic stability solution Option I-D.

Option I-D is only applicable to plants that can demonstrate that core wide mode
instability is the predominant mode and regional mode instability is not expected.
Solution application includes demonstrating that the APRM High Flux (Flow
Bias) scram line, considered an analytical limit, provides adequate Safety Limit
MCPR protection.

Functions During an Accident

The APRMs are assumed to provide the scram initiation signal (120 % power) for
the mitigation of the Control Rod Drop Accident, which, according to Reference
6.4, Scction 14.6.2, is only of concern when the reactor is operating at less than
the RWM Low Power Setpoint (LPSP).

Post-Accident or EOP Functions
The APRMs are not required for Post Accident Functions. The APRMs
applicability to the EOPs will be addressed outside of this calculation.

2 METHODS AND ASSUMPTIONS

This Calculation has been prepared in accordance with the Governing Procedures and Programs
listed in step 2.1. Standard methods employed in this calculation are explained in the “Vermont
Yankee Instrument Uncertainty and Setpoints Design Guide” [Ref.6.1]. This calculation is
performed using the Class 1 graded approach since one of the functions (reactor scram)
performed by the APRM loops is classified as Class 1, Nuclear Safety Related.

Vermont Yankee Design Engineering Page 8 of 29



APRM/RBM Neutron Monitoring Trip Loops ' VYC-693A, Revision 2-

2.1

2.2

Governing Procedures and Programs

2.1.1
2.1.2

Vermont Yankee Instrument Uncertainty and Setpoints Design Guide. (Ref. 6.1)
Vermont Yankee Engineering Procedure, AP-0017, Calculations and Analyses
(Ref. 6.9).

Criteria

2.2.1

222

223

224

Analytical Limits and Technical Specification Limits

The Analytical Limits (AL) for the APRM Scram Flow Bias and Fixed trip are
established per the Rod Drop Accident and Core Stability Analysis, and are
defined in Ref. 6.15 for ARTS/MELLLA conditions and 6.16 for Extended Power
Uprate conditions. This AL value will be used to establish Limiting Setpoints
(LSp) and an Allowable Value (AV) for use in the Technical Specifications (TS)
as discussed below. '

This calculation will use ISA-S-67.04.02 Method 1 for combination of errors to
determine a Trip Setpoint and an Allowable Value for Technical Specification
values associated with APRM Flow Bias and Scram setpoints. The Limiting Trip
Setpoint and the Allowable Value for a process increasing to a limit will be
calculated as follows:

AV = AlL-effective uncertainty for all devices and errors not confirmed
during surveillance testing.

LSp = AYV - effective uncertainty for testing conditions, including devices
tested only.

LSp < AV — (CT) + CTz + CT,,) Confirmation of margin between LSp and
AV.

All terms are as currently defined in the VY Setpoint Design Guide.

Numerical combinations for the calculations of instrument error, calibration error,
loop error, effective error and other associated values have been calculated using
Microsoft Excel. Representative calculations in Attachment(s) B were manually
verified using a hand calculator, Microsoft Excel stores numbers with at least 15
digits of accuracy, all calculation outputs displayed within this calculation are
rounded from the values stored by Excel. Rounding errors induced by Excel are
assumed to be negligible within this calculation.

No errors were found in the manual verification of the calculations performed
with the Software in Attachment B. Physical evidence of the review is provided
by check marks or other indications next to each verified calculation. Where
multiple calculations are generated by copying cells or formulas selected samples
have been verified.

Technical Specification Table 4.1.2 requires the performance of a Heat Balance,
for calibration of the APRM output signal, once every 7 days. The calibration of
the APRMs to Core Thermal Power (CTP) is performed under OP-4400. As a
part of this procedure, the individual APRM gains are adjusted such that the
individual APRMs read conservatively to the adjusted % rated CTP (+2, -0%). .

Vermont Yankee Design Engineering ' Page 9 of 29



APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

The adjustments made to the APRM gains automatically compensate (normalize)
the LPRM detector/amplifier output signal. Therefore, since the heat balance is
perfomed every 7 days, the amount of LPRM drift that needs to be considered is
only 8 days (7 days + 25% extension). The current LPRM drift value is valid for
700 hours. However, since there is insufficient information to estimate the
reduction in this drift value for 8 days, the 700 hour drift value will be used in the
calculation.

2.2.5 Primary Element Accuracy (PEA)
APRM Channel
PEA is a combination of sensor sensitivity and sensor non-linearity uncertainties.
The sensitivity of the detectors decreases with neutron fluence. From Reference
6.13, Section 4.5, the average sensitivity loss, and its 2-sigma variation, for all GE
LPRM detectors has been determined to be:
Sensor Sensitivity Loss=-0.33%  (biasterm) -
+0.20%  (random term)

The detector non-linearity and its 2 sigma variation (in the power range) has been
determined to be:
Sensor Non-linearity = -0.49% (bias term)
+1.0% (random term)

The first part of these detector errors represent bias type errors which apply to all
detectors, whereas the second part are random errors that represent variability
amongst sensors. Assuming a worst case scenario where the APRM has the
minimum number of operational detectors, the PEA, which on a percent of power
basis is simply obtained by adding the bias terms and taking the SRSS of the
random terms, is calculated below. In the calculation, the random error is reduced
by the square root of the minimum number of operable LPRMs to one APRM
channel which is 9 per Reference 6.7, Table 3.1.1, Note 5.

PEA=(033 +o.49)i(%}/io.202 )

PEA =-0.82+0.34%RP

2.2.6 Process Measurement Accuracy (PMA)
APRM
PMA is a combination of APRM tracking error and the uncertainty due to neutron
noise. From Reference 6.4, Section 14.5.1.3.1, the most severe event for which
the APRM:s are assumed to provide the scram signal is the Closure of All Main
Steam Line Isolation Valves with failure of the valve position scram. Reference
6.13, Section 4.5 states that for the MSIV closure transient event, the APRM
tracking error is 1.11% and the uncertainty due to neutron noise is typically 2.0%.
The tracking error is the uncertainty of the maximum deviation of APRM
readings with LPRM failures or bypasses during a power transient. The neutron
noise is the global neutron flux noise in the reactor core with a typical dominant
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

frequency of approximately 0.3 to 0.5 Hertz and typical maximum peak-to-peak
amplitude of approximately 5 to 10 percent.

PMA=./(2.0 +1.11* ) =2.29%RP

2.2.7 The Flow Control Trip Reference Card (FCTR) for the APRM fixed and flow
biased scrams is being replaced. The replacement card is designed to operate with
a 1% maximum error signal and 0.1% timing accuracy (Ref. 6.17). The 1% error
signal includes both device accuracy and drift for a 36-month interval. General
Electric has provided additional information (Attachment 7.7) indicating that the
reference accuracy (or setting tolerance) for the FCTR is 0.5% of calibrated span.

Control Room (CR) Indication (FI-2-159A, B and FR-2-154) is scaled for a flow
rate of 0-41,800 GPM. Rated Recirculation Drive Flow (100%) is defined as the
required Drive Flow to achieve 48 MPPH (Reference TS 2.1.A.1.a). Such things
as core design, changes in core and piping resistance, jet pump fouling, etc, affect
the relationship between Core Flow and Drive Flow. Therefore, since the rated
recirculation drive flow value could change, the percentage of rated flow for CR
flow indication will vary. OP 2429 normalizes the total recirculation drive flow
(output of summers FSUM-2-110A&B) such that the input to the APRM system
is 125% of rated flow (as determined by OP 2429). This is consistent with
functional testing of the APRM Flow Bias Setpoints and flow indication obtained
from the APRM system (chosen via selector switch). Because of this
normalization the spans between the drive flow input (VY C-690 errors) and the
core flow input are assumed to be equal.

2.2.8 Technical Specification Table 4.1.2 requires the performance of a heat balance,
for calibration of the APRM output signal, once every 7 days. The calibration of
the APRMs to Core Thermal Power (CTP) is performed under OP 4400. The
procedure begins by the calculation of CTP by performing an energy balance on
the Nuclear Boiler System. Next, % rated CTP is determined (CTP/Rated CTP
MWth * 100). Then % rated CTP is divided by the applicable scale factor to
find the adjusted % rated CTP. Finally, the individual APRM gains are adjusted such
that the individual APRMs read conservatively to the adjusted % rated CTP (+2, -
0%). The adjustments made to the APRM gains automatically compensate
(normalize) the LPRM detector/amplifier output signal. Therefore, since the heat
balance is performed every 7 days, the amount of LPRM drift that needs to be
considered is only 8 days (7 days + 25% extension). The uncertainty associated
with the heat balance (2% of Reactor Power) is included in the transient analysis
(REF. 6.19). Therefore, this uncertainty is not included in this uncertainty
calculation.

2.2.9 Calibration tolerance for reactor flow biased power settings are + 0.5% CS or

(0.625% RP). The tolerances for trips are +0.4% CS (0.5% RP) per Ref. 6.25 and
6.23.
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

23

Assumptions

23.1

23.2

233

234

23.5

2.3.6

23.7

Calibration of instruments is assumed to be at a temperature within the ranges
shown in the following table.

Table 2: Plant Arca(s)
Plant Area Minimum Maximum
Control Room 60 °F 80 °F

The temperature variation within a cabinet is the same as the variation of the room
in which it is located. The temperature difference between the room and the
cabinct is therefore constant. Calibration data are collected with the equipment at
the operating temperature of the cabinet.

The vendor docs not state a separate value for Humidity Effect (HE). Therefore,
it is considered to be included in the accuracy and drift terms.

OP4305 does not give a tolerance for setting the value of the flow signal, because
the flow signal is adjusted as close as possible using M&TE. This calculation
assumes that only M&TE with a total accuracy of better than 0.25% of reading
will be used to adjust the flow signal. Therefore, this uncertainty is assumed to be
0.25 %. This 0.25 % will be combined with the random portion of the VYC-690
flow input. This signal error will then be converted to %RP before being
combined for each of the different power to flow lines. However, since the
M&TE error affects the overall accuracy and the acceptance criteria for the flow
bias setpoints, M&TE with accuracy of 0.05% of span will be used for setting the
flow signal value.

All of the Power Range Neutron Monitoring System electronic equipment
affected by this calculation are located in areas considered to be mild environment
(control room). The LPRM detectors are the only components exposed to high
radiation and they were designed for this purpose. Therefore, there are no
Radiation Effects (RE) applicable to this calculation.

The APRM scrams are not assumed to operate for safe shutdown or for other
seismic events. For operational basis earthquakes, this calculation assumes that
the APRMs, LPRMs and trip functions will be recalibrated prior to continued
operation. Therefore, seismic error for Neutron Monitoring is not considered in
this calculation.

Dead Band (DB) or Readability Uncertainty (RD) are only applicable to that
portion of a calculation involving indicators and recorders. Therefore, they do not
apply to this calculation.

Vermont Yankee Design Engineering Page 12 of 29
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

2.3.8 Temperature Effect (TE) is not provided as a separate term by the vendor so it is
assumed to be included in one of the given accuracy or drift terms.

2.3.9 The Barometric Pressure Effect (PB) is not applicable to this calculation (Section
3.6.9 of Ref. 6.1).

2.3.10 None of the Process Static Pressure Effects (SP) are applicable to this calculation
(Section 3.6.13 of Ref. 6.1).

2.3.11 Power Supply Voltage Effect (VE) is considered to be included in the accuracy
and drift terms since the vendor does not give a separate value for VE.

2.3.12 VYC-1758 (Reference 6.20) shows DMM'’s available to support the APRM
calibration with total device error of better than +0.05% CS (10 VDC Range).
Therefore, the SRSS of 2 DMM’s required for the calibration per Ref. 6.25 result
in an M&TE uncertainty of 10.071% CS.

2.3.13 The neutron monitoring system is located in the control room with the exception
of the sensing devices, which are located in the reactor. Therefore, unless
otherwise stated, this calculation will use the set of specifications related to the
Control Room environment in Ref. 6.1.

2.3.14 Technical Specification Table 3.1.1 defines the Limit for APRM High Flux
Reduced as equal to 15 % RP. This value has been assumed to be the Analytical
Limit for this calculation.

3 INPUT DATA
Data used to calculate loop uncertainties, process corrections, setpoints, and decision points are
tabulated below with the applicable reference or basis

3.1 Process, Loop Data and Analytical Limits
Presented below are the input values required to calculate the Limiting Setpoints
(Analytical Limits and those parameters such as calibration frequency that are common to
all loop components).
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APRM/RBM Neutron Monitoring Trip Loops VYC-693A, Revision 2

3.2

Table 3: Process Data and Analytical Limits
Basis Description Data
Ref. 6.3 Process Span (PS) 010125 %RP
Analytical Limits
ARTS/MELLLA APRM High Flux Scram (Two Loop Ops) :
Reference 6.15 Core Flow0to<31.1 % <04Wd+64.4%
Core Flow 31.1 to < 54.0 % <1.28Wd+37.0%
Core Flow 54.0t0<75 % < 0.66Wd+70.5%
Core Flow > 75% Maximum of 120%
APRM High Flux Scram (Single Loop Ops)
Core Flow0t0<39.1% <04Wd+61.2%
Core Flow39.1t0<61.9% <1.28Wd+26.8%
Core Flow 61.910<83.0% <0.66Wd+65.2%
Core Flow>83% Maximum of 120%
Extended Power APRM High Flux Scram (Two Loop Ops)
Uprate (EPU) Core Flow0t0 <309 % <0.33Wd+53.7%
Reference 6.16. Core Flow 30.9 t0 < 66.7 % < 1.07Wd+30.8%
Core Flow 66.7 to <99 % <0.55Wd+65.5%
Core Flow >99% Maximum of 120%
APRM High Flux Scram (Single Loop Ops)
Corc Flow 0t0<39.1% <0.33Wd+51.1%
Core Flow39.1t0<61.7% <1.07TWd+22.2%
Core Flow 61.7t0<1194 % <0.55Wd+54.3%
Core Flow>119.4 Maximum of 120%
Assumption 2.3.13 APRM High Flux Scram (Reduced) <15 % Power

Environmental Conditions
The following table identifies the limiting environmental conditions expected for each

loop instrument.

Table 4: Environmental Input Data
Basis Description Data
Ref. 6.1, Nommal Drywell Temperature (Below 270 ft) 160°F
Table 2 Normal Reactor Building Temperature (Occupied Area) | 106°F
Ref. 6.5 Normal Radiation N/A (Assumption 2.2.6)
Ref. 6.6 Accident Radiation N/A (Assumption 2.2.6)
3.3 Primary Elements ND-2-1-104 Data
Table 5: Primary Element Input Data

Basis Description Data
Ref. 6.2 Maximum Temperature 600°F
Ref. 6.3 Nominal Operating Neutron Flux 1.2x102 t0 2.8x10" nv

Maximum Operating Gamrma Flux 1.2%10°R/hr

Accuracy (PEA) See Text
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34  LPRM Data

Table 6: LPRM Input Data

Basis Description Data
Ref. 6.2 Accuracy +0.8% CS
Drift +0.8% CS/700 hrs

35 APRMA,B,C,D,E,F,Data

Table 7: APRM Input Data
Basis Description Data
Ref. 6.11 Averaging Circuitry
Accuracy +0.80% CS
Drift +0.5% CS/2 weeks
Ref. 6.33 Trip Circuits (Reduced Scram)
Analyzed Drift 40.5% CS/ 3 months (13 weeks)
Ref. 6.11 Trip Circuits (Flow Biased) +1.0% CS (0 to 100% flow)
25A5903 Rev. 1 Accuracy and Drift valid for 36 months. Timing error not used.
(Assumption 2.2.19) )
Ref. 6.7 Calibration Interval: .
Table 4.1.2 &4.1.1 | APRM High Flux Scram Trips | 3 months (13 weeks)
LPRM 2000MWD/T
Reactor Heat Balance Weekly

3.6  Flow Bias Error Data
The following information is copied or extrapolated from VYC-690 Rev. 2. The

accuracy associated with the cardinal flow rates for ARTS/MELLLA and EPU are used

in the spreadsheet as an additional error associated with calculation of the APRM
setpoints. Errors in VYC-0690 (as listed below) have been calculated based on an
assumed maximum total recirculation span of 83,600 gpm (41,800 gpm per loop) to
ensure maximum accuracy for recirculation flow indication in the control room.

However, the calculation of flow bias for the APRMs is based on an ideal flow of 65,000

gpm (32,500gpm per loop). Therefore to compensate for the difference in reference
values for the errors associated with the flow bias a multiplier of 1.286 is used. As

discussed in Section 2.2.7, the input into the FCTR is then scaled, during the core flow to

recirculation flow verification, to 125% of recirculation flow. This multiplication has
been performed in the spreadshects that perform the detailed calculations for this

document. The error is also multiplied by the specific flow correction value (i.e. if the
flow formula is 0.33Wd+53.7 EPU 0-39.1% flow, then the random flow error would be

multiplied by 0.33) in this same step.

Vermont Yankee Design Engineering
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Table 8: Flow Input Errors Two Recirculation Pumps Running
% Core Flow Random Error [% Calibrated Span] Bias Error [% Calibrated Span]

20 0.7266 0.4501
30.9 0.5941 0.2937
31.1 0.5927 0.2919
39.1 0.5513 0.2327
54 0.5143 0.1688
66.7 0.4994 0.1367
75 0.4934 0.1216
83 0.4891 0.1099
99 0.4834 0.0922
1194 0.4791 0.0764

Table 9: Flow Input Errors One Recirculation Pump Running

% Core Flow | Random Error [% Calibrated Span] | Bias Error [% Calibrated Span]

20 0.4673 0.1137
37.5 0.4358 0.0608

39.1* 0.434776 0.058368
40 0.4342 0.057
60 0.4277 0.038

61.7* 0.427428 0.03698

61.9 * 0.427396 0.03686
62.5 0.4273 0.0365

* Values linearly interpolated from VYC-0690 Ref. 6.27
4 CALCULATION DETAIL
The detailed calculations of the APRM loop uncertainties, setpoints, testing tolerances, and
margins have been performed using Microsoft Excel spreadsheets and are documented as
Attachment B.
5 RESULTS AND CONCLUSIONS
5.1  Allowable Value

The Allowable Value for each required point has been determined and the results are
presented in the table below. Since this is a major revision of the method and calculation
of Allowable Values and Setpoints no comparison to existing values has been performed.
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5.2

able 10: Allowable Values

Output Instrument % RxP mV Curve % RxP
APRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
APRM High Flux Scram (T'wo Loop Ops)
fCore Flow 0 to < 31.1 % (point based on 25% flow) 71.1 5.688 <0.4Wd+61.10%
lCore Flow 31.1 to <54.0 % (point based on 50 % flow) 97.3 7.785 < 1.28Wd+33.31%
tiCore Flow 54.0 to <75 % (point based on 70% flow) 113.5 9.078 < 0.66Wd+67.28%
Core Flow > 75% 117.0 9.357 N/A
IAPRM Iligh Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) 68.1 5.447 < 0.4Wd+58.09%
l[Core Flow 39.1 to <61.9 % (point based on 50% flow) 87.6 7.005 < 1.28Wd+23.56%
ore Flow 61.9 to <83.0 % (point based on 70% flow) 108.3 8.664 <0.66Wd+62.10%
Core Flow > 83.0% 117.0 9357 N/A
EPU Flow Biased
APRM High Flux Scram (Two Loop Ops)
ore Flow 0 to <30.9 % (point based on 25% flow) 58.7 4.696 <0.33Wd+50.45%
ﬂCore Flow 30.9 to <66.7 % (point based on 50% flow) 80.7 6.458 < 1.07Wd+27.23%
ICore Flow 66.7 to <99.0 % (point based on 75% flow) 103.6 8.287 <0.55Wd+62.34%
Core Flow > 99.0% 1170 9.357 N/A
[APRM High Flux Scram (Single Loop Ops)
[[Core Flow 0 to <39.1 % (point based on 25% flow) 56.3 4,500 < 0.33Wd+48.00%
nCore Flow 39.1 to <61.7 % (point based on 50% flow) 72.5 5.801 <1.07Wd+19.01%
“Core Flow 61.7 to <119.4 % (point based on 75% flow) 925 7.398 <0.55Wd+51.22%
“Core Flow>119.4% 117.0 9357 N/A

Note: % CS is calculated based on multiplying the calculated Vdc terms in attachments 7.2 by 10

(100% Span / 10Vdc).

Setpoint Evaluation

Results are presented below for the Limiting Setpoint (LSp).

Table 11: APRM Fixed Scram (Reduced) Trip Setpoint Results

Description

ITS: Analytical Limit (AL); | <15.0

CTS: Tech. Spec. Limit (TS)

Limiting Setpoint (LSp) 11.72

ITS: Allowable Value (AV) 12,97

Margin to LSp (M1) +0.345

Existing Setpoint 11.375

New Setpoint N/A

Margin to Normal Operations | There is no stable operating point when the reactor is in the
“Startup” mode.

These results are presented graphically in Figure 1.
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Table 12: Limiting Setpoints and Calibration Cardinal Points

[Output Instrument % RxP fmV Curve % RxP
APRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
APRM High Flux Scram (Two Loop Ops)
ore Flow 0 to <31.1 % (point based on 25% flow) 69.9 5.588 < 0.4Wd+59.85%
ICore Flow 31.1 to <54.0 % (point based on 50 % flow) 96.1 7.685 < 1.28Wd+32.06%
iCore Flow 54.0 to <75 % (point based on 70% flow) 1122 8978 < 0.66Wd+66.03%
Core Flow > 75% 115.7 9.257 N/A
[APRM High Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) 66.8 5.347 <04Wd+56.84%
ICore Flow 39.1 to <61.9 % (point based on 50% flow) 86.3 6905 | <1.28Wd+22.31%
[Core Flow 61.9 to <83.0 % (point based on 70% flow) 107.1 8.564 < 0.66Wd+60.85%
Core Flow > 83.0% 115.7 9.257 N/A
EPU Flow Biased
APRM High Flux Scram (Two Loop Ops)
ore Flow 0 to <30.9 % (point based on 25% flow) 575 4.596 <0.33Wd+49.20%
ore Flow 30.9 to <66.7 % (point based on 50% flow) 795 6.358 < 1.07Wd+25.98%
ore Flow 66.7 to <99.0 % (point based on 75% flow) 1023 8.187 <0.55Wd+61.09%
Core Flow > 99.0% 115.7 9.257 N/A
IAPRM High Flux Scram (Single Loop Ops)
[Core Flow 0 to <39.1 % (point based on 25% flow) 55.0 4.400 <0.33Wd+46.75%
iCore Flow 39.1 to <61.7 % (point based on 50% flow) 713 5701 | <1.07Wd+17.76%
HCore Flow 61.7 to <119.4 % (point based on 75% flow) 912 7.208 <0.55Wd+49.97%
[Core Flow > 119.4% 1157 | 9.257 N/A

Note: Due to the small difference between As-Left and As-Found allowances, rounding of

setpoints is not recommended.

Calibration and Test Results

Test As-Found tolerances (FT) and As-Left tolerances (CT) are for the Fixed Scram (Clamp and Reduced
settings) are defined in Tables 13 and 14.

Table 13: Calibration Tolerances

As Left (CT)

Description Limits Vdc Limits % RP

APRM Fixed Scram (Reduced) Trip 0.04 Vdc 0.5 % RP
Table 14: Calibration Tolerances

As Found (FT)

Description Limits Vdc Limits % RP

APRM Fixed Scram (Reduced) Trip 0.1 Vdc 1.25%

Vermont Yankee Design Engineering
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Table 15: Calibration Points, As-Left and As-Found

utput Instrument Sctting |As-Left |As-Left |As-Found |As-Found
Vdc Min  [Max Min Max

APRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
APRM High Flux Scram (Two Loop Ops)

Core Flow 0 to < 31.1 % (point based on 25% flow) 5588 5.538 5.638 5.488 5.68
[Core Flow 31.1 to <54.0 % (point based on 50 % flow) 7685 7.635] 7.735| 7.585 7.78
ore Flow 54.0 to <75 % (point based on 70% flow) 8.978 8.928 9.028 8.878 9.07
Core Flow > 75% 9.257| 9.207) 9.307| 9.157 9.357
APRM High Flux Scram (Single Loop Ops)
fCore Flow 0 to <39.1 % (point based on 25% flow) 5.347| 5.297} 5.397) 5.247| 5.447

[Core Flow 39.1 to <61.9 % (point based on 50% flow) 6.905| 6.855] 6.955| 6.805] 7.005
ore Flow 61.9 to <83.0 % (point based on 70% flow) 8564 8.514] 8.614 8.464 8.66

Core Flow > 83.0% 9.257) 9.207| 9.307| 9.157|  9.357
EPU Flow Biased

APRM High Flux Scram (Two Loop Ops)

pw 0 to <30.9 % (point based on 25% flow) 4.506{ 4.546] 4.646 4,496 4.696

iCore Flow 30.9 to <66.7 % (point based on 50% flow) 6.358] 6.308] 6.408 6.258 6.458
re Flow 66.7 to <99.0 % (point based on 75% flow) 8.187] 8.13 8.237 8.087 8.287

Core Flow > 99.0% 9.257] 9.207] 9.307 9.157 9.357
[APRM High Flux Scram (Single Loop Ops)
fCore Flow 0 to <39.1 % (point based on 25% flow) 4.400] 4.350] 4.450 4.300 4.500

fCore Flow 39.1 to <61.7 % (point based on 50% flow) | 5701] 5651 5.751] 5601 5.801
ﬂCore Flow 61.7 to <119.4 % (point based on 75% flow) 7.208 7.248 7.348 7.198 7.398

[Core Flow > 119.4% 0257 9207 9307] 9157 9.357

Note: Recirculation drive flow input to APRM can be determined by the equation
RDF (Vdc) = % flow/125 * 10.

Table 16: Total Loop Uncertainty and Non-Test Error

utput Instrument TLU % RxP [Non Test % RxP
WPRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
APRM High Flux Scram (Two Loop Ops)
Core Flow 0 to <31.1 % (point based on 25% flow) -4.55% -3.30%
fCore Flow 31.1 to <54.0 % (point based on 50 % flow) -4.94% -3.69%|
ore Flow 54.0 to <75 % (point based on 70% flow) 4.47% ~3.22%
Core Flow > 75% -4.29% -3.04%
RM High Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) -4.36% -3.11%
[Core Flow 39.1 to <61.9 % (point based on 50% flow) -4.49% -3.24%
[Core Flow 61.9 to <83.0 % (point based on 70% flow) -4.35% -3.10%
Core Flow > 83.0% -4.29% -3.04%}
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Table 16: Total Loop Uncertainty and Non-Test Error
utput Instrument : TLU % RxP [Non Test % RxP
EPU Flow Biased

APRM High Flux Scram (Two Loop Ops) .

Core Flow 0 to <30.9 % (point based on 25% flow) -4.50% -3.25%
[Core Flow 30.9 to <66.7 % (point based on 50% flow) -4.82% -3.57%
[Core Flow 66.7 to <99.0 % (point based on 75% flow) -4.41% -3.16%)

Core Flow > 99.0% -4.29% -3.04%

APRM High Flux Scram (Single Loop Ops)

[Core Flow 0 to <39.1 % (point based on 25% flow) -4.35% -3.10%|
[Core Flow 39.1 to <61.7 % (point based on 50% flow) -4.44%) -3.19%
l[Core Flow 61.7 to <119.4 % (point based on 75% flow) 4.33% -3.08%
(Core Flow > 119.4% 4.29% -3.04%

Table 17: Total Loop Uncertainty and Non-Test Error
|Output Instrument [TLU % CS [Non Test % CS
APRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
High Flux Scram (Two Loop Ops)
Core Flow 0 to <31.1 % (point based on 25% flow) -3.64% -2.64%
[Core Flow 31.1 to <54.0 % (point based on 50 % flow) -3.95% -2.95%
ICore Flow 54.0 to <75 % (point based on 70% flow) -3.58% -2.58%
Core Flow > 75% -3.43% -2.43%
IAPRM High Flux Scram (Single Loop Ops)
[Core Flow 0 to <39.1 % (point based on 25% flow) -3.49% -2.49%%
ﬂCore Flow 39.1 to <61.9 % (point based on 50% flow) ~3.59% -2.59%I
ore Flow 61.9 to <83.0 % (point based on 70% flow) ' -3.48% -2.48%!
Core Flow > 83.0% -3.43% ‘ -2.43%
EPU Flow Biased
APRM High Flux Scram (Two Loop Ops) )
[Core Flow 0 to <30.9 % (point based on 25% flow) -3.60% -2.60%
[Core Flow 30.9 to <66.7 % (point based on 50% flow) -3.85% -2.85%)]
ore Flow 66.7 to <99.0 % (point based on 75% flow) -3.53% . -2.53%
Core Flow > 99.0% -3.43% -2.43%)
APRM High Flux Scram (Single Loop Ops)
[Core Flow 0 to <39.1 % (point based on 25% flow) -3.48% -2.48%
fCore Flow 39.1 to <61.7 % (point based on 50% flow) -3.56% -2.56%)
[[Core Flow 61.7 to <119.4 % (point based on 75% flow) -3.47% -2.47%
Core Flow > 119.4% -3.43% -2.43%)

54  Calculation Review and Impact Consideration

5.4.1 This calculation evaluates the uncertainty of loop components for design changes
including Extended Power Uprate. The uncertainty determined by this calculation
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5.5

5.6

54.5

will be used as input for the Reactor Scram Flow Biased and the APRM Fixed
Scram (Reduced) Trip Setpoint and Allowable Value results.

5.42 The Design Input Considerations of ARTS/MELLLA and the VY Extended
Power Uprate as well as the change in the methodology used to develop Limiting
Setpoints and Allowable Values have been considered in this calculation. The
setpoints developed in this calculation are not applicable until the VY licensing
amendments BVY 03-80 for Extended Power Uprate and BVY 03-23
ARTS/MELLLA are approved (as applicable).

543 The function of the instruments covered by this calculation is an assumed input in
the Reload Licensing Analysis. This analysis does not assess conformance to 10
CFR 50.46, “‘Acceptance Criteria for ECCS for Light Water Nuclear Power
Reactors,” and Appendix K, “ECCS Evaluation Models”. The results of this
calculation do not identify errors or require changes to the Reload Licensing
Analysis. Therefore, the reporting requirements of 10 CFR 50.46 are not
applicable. '

54.4 Areview of the Vermont Yankee Event Report Database was conducted to
identify any Event Reports that would impact this calculation. This review
identified no event reports, associated with these components.

Precursor calculations used for design input to this calculation are not impacted by the
results of this calculation. Any applicable interactions due to changes in precursor
calculations will be addressed per AP 0017 during the change process for those
calculations. Calculation VY C-0690 [Ref. 6.27] provides direct input to the flow errors
used for this calculation.

Summary of Requirements

5.5.1

552

The current calibration procedure, OP 4308, Rev. 21 [Ref 6.25] requires update to
accurately reflect the LSp and As-Found and As-Left tolerances. A precaution should be
added to Ref. 6.25 to ensure that M&TE with an accuracy better than 0.05% of span is
used to set the flow bias input value during calibration.

This calculation is not an implementing document and a 50.59 screen or evaluation is not
required. The output of this calculation is implemented through update to applicable
plant documents (i.e., OP 4308, FSAR). The downstream process that updates applicable
output documents will satisfy the 50.59 evaluation requirements.

Summary of Recommendations

5.6.1

Based on the results of this calculation the following changes should be made to the
evaluated trip setpoints:

5.6.1.1 APRM Flow Biased Scram Trip Setpoint.
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5.6.1.1.1 The formula to develop the curve for the APRM Flow Biased Scram
Trip setpoints must be changed in accordance with Table 12 for the
specific application of ARTS/MELLA or Extended Power Uprate.

5.6.1.1.2 Revise the As-Left and As-Found tolerances as defined in Table 15 for
the new calibration points.

5.6.1.2 APRM Fixed Scram (Reduced).
5.6.1.2.1 Trip setpoints must be changed in accordance with Table 12. The
values for Allowable Value and Limiting Setpoint do not change for
this function for ARTS/MELLLA or EPU.
5.6.1.2.2 Revise the As-Left and As-Found tolerances as defined in Table 15 for
' the new calibration points.
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CTS: Tech. Spec. Limit (TS)

A ITS: Analytical Limit (AL) = <15% RP
UxL Uum
‘—
ITS: As-Found (AV)=12.97% RP
Ui
1 J’ Limiting Setpoint (LSp) = 11.72% RP
MarginI
—k Setpoint 11.375% RP
<process>
A
4
A 4
Normal Range of Opcration

Figure 1

APRM Fixed Scram (Reduced) Setpoint
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Figure 2

APRM Flow Bias Scram Analytical Limit, Allowable Value, Nominal Trip Sétpoint (ARTS/MELLLA) Two
Recirculation Loops
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APRM Flow Bias Scram Analytical Limit, Allowable Value, Nominal Trip Setpoint (ARTS/MELLLA) One
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Figure 4

APRM Flow Bias Scram Analytical Limit, Allowable Value, Nominal Trip Setpoint (EPU) Two Recirculation Loops
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Figure 5

APRM Flow Bias Scram Analytical Limit, Allowable Value, Nominal Trip Setpoint (EPU) One
Recirculation Loop
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APRM SCRAM TRIP POINT REVIEW ARTSMELLA Two Laop VYC-0693A, Revision 2
Attachment 7.2 B2, Page 1 af 2
A | B 3 D E T F ] H
Ualues Basad on Tables & and 7
1 | APRM Scram Cakcutation for ARTSMELLLA Two Recieutalion Loop Opetabion. |sccuracy snd drik
SPAN__ ISelpoint Siope Anahytca Limts SENSTMITY ACCURACY REPEATABILITY

3 | EQUPMENT LD. INSTRUMENT TYPE % FastBresk Poit % RP %CS %CS

Y 033D22+53.

5] ND-21-104 |LPRMDETECTOR

6 ICPS

7 LPRM 0.2667%

8 APRM 0.8000%

[ <TYPES>

10 FLOW BIASED SCRAM (20-31.1%) 128 040 7240 ~1,0000%

1 FLOW BIASED SCRAM (311 - 54.0%) 125 128 7681 1.0000%

12 FLOW BASED SCRAM (540 - 75.0%) 125 066 106.14 1.0000%

13 FLOW BIASED SCRAM (>75.0%) _ 125 Maximum Vakie 17000 1.0000%

% FIXED SCRAM (REDUCED) 125 wa 15.00 1.0000%

15 %CS

16 | CALBRATION EQUIPMENT UNGERTAINTY (MBTE) D071% (2313 NTEXT)

17 JLOW INPUT UNCERTAINTY BIAS (FROM VYC-630, REV.2) 0.4501 ~0.519 01688

18 | FLOW INPUT UNCERTAINTY RANDOM (FROM VY C-630_ REV.2) 0.7766 050 05143 [CS FOR FLOW SIGNALS 128.6%

19 |FLOW UNCERTAINTY BIAS EFFECT (% Rx POWER)_ 0.2315% 0.4605% 0.1433% CS FOR POWER 1S 125%

20 |FLOW UNCERTAINTY RANDOM EFFECT finchudes 0.25% ST{ Sec 2.3.4) (% Rx POWER) 0,3953% 1.0589% 0.4854%

21 [FLOW SETTING TOLERANCE Jﬁﬂ {SCRT{DI0*2+C2 12y 100]"1.286°D10 |(SORTIE1E"2+6CS21°2y10011.286°D11_|(SORT(FI8"2+5CS 2121001286012

22 |NANIMUM RLOW VALUES TO BE EVALUATED (% FLOW) p) EIK] — 54 —

73 | FLOW VALUES TO BE EVALUATED (% FLOW) 20-31.1% 440 T40.150% .

74 | WRIMIUM NUMBER OF LPRMs PER APRM 3
bsj PRMARY ELEMENT ACCURACY (ARP) (Section 2.2.5 0.62% Bios - 0.340000%

% ““mmzwmmvl‘ﬁﬂf‘—‘—“’s AT (%RP](Beckon 226) < T25%

Fii

28 | TECH SPEC LM REQUIRED FOR CTS 12000 |%RP

23 [ANALYTIC LMIT REQURED FOR TS 12000 |%RP

30
1 [Cototd e coroion blerarce 2t of sl 'SRSS of Calraton Terms n % RP R5S ol Cabramon Tems . JNON TESTING ONCERTARTY

32 |FLOW BIASED SCRAM (20-31.1%) E3ACHI0 LOOP TESTNGUNCERTANTY | LOOP TESTING UNCERTAINTY |0.84"SORT(SES25°2+5C$ 2672 +5D820° 24808 10+8N 16)
33 [CALBRATION EFFECT (CE) _ ‘CALERATION TOLERANCE CALIBRATION TOLERANCE SCYI0"SORTIAIS?) SORTIAX?2) | 0.84"SQORT(SES22+6CS26°2+S08 20°7+50819+5NS16). 3C$25-3D810
3 %CS %RP %CS % RP %CS % RP
5] 1.0000% 0.625 0.50% 125 1.00% 22640%
6] 1.0000% 0623 0.50% 1.5 -1.00% -3.2056%
37 [0

] A3

S —

39

40 JFLOW BIASED SCRAM{31.1 - 54 0%)

41 {CALBRATION EFFECT {CE) CALERATION TOLERANCE CALIBRATION TOLERANCE LOOP TESTING UNCERTANTY | LOOP TESTING UNCERTANTY [NON TESTING ERROR

4 %CS %RP %CS %RP %CS %RP
43 1.0000% 0.625 0.50% 125 1.00% 2.3909%
) 1.0000% 20628 050% 1.2 -1.00% -36914%
45

44

47 |FLOWBIASED SCRAM {34.0-75.0%) CALIBRATION

48 JCALBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY __ | LOOP TESTING UNGERTAINTY |[NON TESTING ERROR

9 %CS %RP %CS %RP %CS %RP
0] 1.0000% 0623 0.50% 125 1.00% 22565%
511 -1.0000% -0.625 0.50% 25 ~1.00% -32197%
52

53

S S—

54 JFLOW BIASED SCRAM (>75.0%) CALBRATION
| 55 |CALIBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY ___ | L0OP TESTING UNCERTAINTY [NON TESTING ERROR

54 %CS %RP %CS, % RP %CS %RP
571 1.0000% 050 0.40% 1.25 1.00% 22193%
58] __1.0000% 05 2.40% EY:) 1.90% 3.0959%
59
E [FIXED SCRAM (REDUCED) CALBRATION

61 [CAUIBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY ___| LOOP TESTING UNCERTAINTY | NON TESTING ERROR
(62 %CS %RP %CS %RP %CS WRP
63]  1.0000% 050 0.40% 15 1.00% 22193%
641 -1.0000% 050 040% 125 1.00% .30203%
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APRM SCRAM TRP POINT REVIEW ARTSMELLA Two Loop VYC-0693A Revision 2
Atachment 7.282. Page 20f 2
| | J X L M N | [ | P { Q ] R ] S { 1
1 [inckides bins and random errors. INSTRUMENTS AV = AL - SORT($ES2542+5CS$2642+$D$2042+50819+§0$10)-$C$25-SD$ 19
2 ORIFT ANEARITY HYSTERESIS ENVIRON. EFF, SEISMC SUMS SQUARED (++) | |
3 %CS *CS *%CS %CS %CS ACCURACIES At OTHERS [Non Testing Exror : [Non Testing Error:
4 {(GH100°$C$11)°2) | ((I¥100°C8)y2) [ezs: Primery Elament Accuracy Random Error es 8 parcent of Power
] 0 00000000 000000000 1628 Prosess Mervurament A y Radom Error 33 a percent of RP
[} 900000000 000000000 D20: Flow Uncertainty Random Effect finchrdes 0.23% ST] a9 2 percent of Rx POWER .
7 02667% 0.00001111 0.00001 111 013; Squared combination of aif Drift and ether terms for LPRM end APRM Convarted ta percent of RP i
[} 0.5000% 000 0 00010000 000002308 N18: Squared combination of jus for sl LPRM and APRM averaging circults C dto percent of RP.
] 0 00000000 000000000 €23 : Primary Elemont Accuracy Blas Error as 8 percent of Power -
10] - 0.0000% 000015625 000000000 018: Flow Uncsrtwinty Bias Effect a3 2 percent of R POWER '
1 0.0000% 0.00015625 000000000 1
12 00000% 0.00015625 000000000 [LSp = AV - $CS10°SQRT(A35°2))
13 00000% 000015625 000000000 -
14 00000% 000015623 000000000 A3S: Acguracy of th!A33: Accuracy of the FCTR Card
19 SURNS N} SUM(0509)
16 0.00011111 0.00005017 | Sum of the squares of the APRMALPRM circtat drift and other errors SUM(PS P10)
t7 0.00000079  {CALIBRATION EQUIPMENT CONVERTED TO % RP AND SQUARED E18%2
18 . (D16/100°C101°2
19 000005096 | Sum of the cafibration error and the dnft and cther crcuak errort.
20 SUM(016.017)
21
22
23 Total Loop Uncertainty| Apphed Nor Testing Uncedtanties
24 FLOW BIASED SCRAM {20-30.9%) -4.5456% -3.2058%
23 FLOW BIASED SCRAM (30.9 - 66.7%) -4 9414% +36914%
28 iﬂ.ow BIASED SCRAM (66.7 - 33.0%) -4.4697% -32197%
2/ FLOW BIASED SCRAM (»93 0%) -4.2893%| -3 0393%
28 FIXED SCRAM (REDUCED) -A2752% -3.0393%
2
30 .
T N
31 Mathod t AV LIMITING SETPONT .
32 L35/3C$10°100 ITS: (AV) LSp SETPONT ALLOWABLE MARGIN CTS: AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE "
| 33 % RP %RP {0351251°10 VALUE M2) 035/C10+435__ S35°10 0354335 0358CS10+F35 V3510 O35+£35
3 %C3 $ES10+1L36°100) N35+G38 Vde Vde % RP %CS voC % RP *%CS VOC *%RP
35 1.795% 6310 67.63 543 553 NA $328% 953 69.10 5478% 548 6848
36 -2838% NIS{SD310°3D522) | 035{$031050522) $328% 433 8860 $376% 538 €1.23
37 $1.10 5985
39| Typcal AV and Setpont Curves 0 4"Wea61 10 0.4°Wd+A9 85
490 Method 1 AV LIMTING SETPONT SETPONT ALLOWABLE MARGIN CTS. AS-FOUND TOLERANCE (FT) CALIBRATION TOLERANCE n
4 115: (AV) LSp VALUE M2) )] .
421% CS % FP %RP Vde Vde % RP %CS vOC %RP %CS VOC % RP '
43 1.8121% 7342 187 578 583 NA 5843% 383 1312 $7.99% 580 1249 ;
4 -2.9531% 313 3206 46.49% 863 1062 56.59% 570 71.24 ’
45 1.28"Wd+33 3t 1.28°Wd+3208 :
= .
4 e e —— T —L o <
47 Method 1 AV UMITING SETPOINT SETPONT ALLOWABLE MARGIN CTS: AS-FOUND TOLERANCE {FT) CALBRATION TOLERANCE B
48 1T8: (AY) LSp VALUE {M2) (1) :
431%CS % RP % RP Vdo Vde % RP %CS voc % RP %CS VOC % PP
50 1.8052% 10292 101.87 8.13 823 NA §2.34% 823 10292 81.84% 818 102.30 .
59 -2.5758% 67.28 €603 8034% 80 100 42 80 84% 8.08 10103
52 0 66*Wd+67.28 0 66"Wd+66 03
$3
54 Method { AV LIMITNG SETPOINT SETPOINT ALLOWABLE MARGN CTS AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE
] ITS: (AV) L8p VALUE M2 CT}
581%CS %RP %RP Vdo Vde % RP *%CS vDC % RP %CS voC % RP
57 177188% 110988 1Hin 928 9.36 NA 93.57% 938 11696 9297% §3 11821
58 -24315% 91.57% 9.16 11448 82171% an 115.21
59 .
60 Method 1AV LIMITING SETPOINT SETPOINT ALLOWABLE MARGIN CTS: AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE
(] 1s: {(AV) L8p VALUE N cT}
§21%CS %RP % RP Vdo Vdo % RP %CS Vo€ % RP %CS VOC % RP
¥ 1.7755% 1297 .12 094 104 NA 10.38% 1.04 1297 9.78% 098 1222
64 -24315% 838% 084 10.47 893% 080 nn




APRM SCRAM TRIP POINT REVEW ARTSMVELLLA Single Loop VYC-0893A Revision 2
ARachment 7 2B4, Page 1 of 2
A { 8 1 [ 0 3 F G H
1 |APRM Seram Caieuistion for ARTSMELLLA Single Rcireuiation Loop Operation. Values based on Tebles § and 7 sccuracy snd &
2 SPAN Setport Slope Anstybesl Limds SENSTIVITY ACCURACY. REPEATABRLITY
EQUPMENT LD, WSTRUMENT TYPE % First Sroak Pord % RP %CS %CS
033D22+53.7
NG-21-104__ |LPRMDETECTOR
ICPS
LPRM 02667%
1 APRM 08900%
L) <TYPE 5>
10 FLOW BIASED SCRAM (20-38 1%) 125 040 6020 10000%
1 FLOW BIASED SCRAM (30.1- 610%) 128 128 7685 1.0000%
12 'FLOW BIASED SCRAM (818 - 83 0%) 128 oes 16605 1.0000%
1 FLOW BASED SCRAM (>33 0%) 125 Maimn Vake 12000 10000%
14 FIXED SCRAM (REDUCED) _ 125 wa 1500 1 0000%
15 - 1 %CS
18 | CALIBRATION EQUIPMENT UNCERTAINTY (MATE) 0.071% @INNTEXT)
17 |FLOW INPUT UNCERTANTY BAS (FROM VYC-690, REV.2) 01137 058388 003660
18 [FLOW INPUT UNCERTAINTY RANDOM (FROM VYC-690, REV.2) 04873 AATTS 042739 TS FOR FLOW SIGNAL 1S 128 6%
19 |FLOW UNCERTANTY BIAS EFFECT (% Rx POWER) 00585% 0981% 00313% CSFOR POWER BB 125%
20 |FLOWLINCERTANTY RANDOM EFFECT finchodes 0.25% ST{ See 2.3 43 (% Rx POWER) 02726% B258% 04203%
21 |FLOW SETTING TOLERANGE 025] (SORT(DI&2+C21°2Y 1007 1 788-D10 |(SORT(E 102+ 8CS21°2¥1007 1.286°D11_|(SORT(F18°2+8CS21°2/100)1.286-012
22 |MINMOM FLOW VALLIES TO BE EVALUATED (% FLOW) 20 X 519
23| FLOW VALLES 10 BE EVALUATED (% FLOW) 20-39.1% 30.1-6190% 619.030%
24 | MMM NUMBER OF LPRMs PER APRM 9
25 |PRIMARY ELEMENT ACCURACY (Section 225) 057% Bies o 0.340000%
20 moosssm‘nsﬁmp%mmun > 229%
21 |
[ 78 | TECHSPEC LRMT REQURED FOR CTS 12060 CYTN
20 JANALYTIC (IMT REGURED FOR TS 120 60 % RP
30 [ STING UNCEF
31 Jiorance ¥ existy or of o 3 SRSS of Cakoration Terns in % RP SRSS of Catibrabon Temme NON TESTING UNCERTAINTY
32 PIASED SCRAM (20-30.1%) C310 LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY, 0 BASORT(IES2S 20 3CE20 2+ SDS20° 2+ SOF10+SNS16) 1L39CH0 100
33 BRATION EFFECT (CE) CALBRATION TOLERANCE CALIBRATION TOLERANCE SCH"SORT(A35*2) SORT(ATSY) 0 84-SORT(SES25 2+ 408202+ 303200 2+ 303 19+ 4N$16) $C425-$08 19
) %C3 %RP %CS, %RP %C3 % RP %CS
] 1.0000% 0625 050% 12 100% 22311% 1765%
e -10000% 0628 250% 175 -100% -31006% 2438%
7 G10
3 A3S Tyvieal AV and Swipord Curves
»
[ 40 JASED SCRAM (39 1 - 1 0%)
41 JARATION EFFECT (CE) CALIBRATION TOLERANCE CALBRATION TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY 'NONTESTING ERROR
4 %CS %RP %CS %RP %CS %RP %CS
4 1.0000% 0615 050% 125 1.00% 2351% 18601%
4] 10000% 0623 050 25 100% 3 2417% -25930%
&
X
47 JASED SCRAM (619 83 0%) CALIBRATION
[ 48 |BRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY. NON TESTING ERROR
8 %CS %RP %CS %R #CS %RP %CS
TS0} 10000% 0623 050% 125 1.00% 22412% 11975%
~1.0000% 0625 050% 125 1 00% -3 0085% -24788%
54 | BIASED SCRAM (>83 0%} CALIBRATION
% |BRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY NON TESTING ERROR
58 %CS SRP %S %RP %CS %RP %CS
T 10000% 0 040% 125 100% 22193% 17755%
s8] -10000% 950 040% 475 1.00% .30393% 24315%
56
80 0 SCRAM (REDUCED) CALIERATION
61 JPRATION EFFECT (CE) TOLERANCE LOCP TESTING UNCERTANTY LOOP TESTING UNCERTAINTY NON TESTING ERROR
3 %C3 WRP %S %RP %CS % RP %CS
o3| 10000% 050 040% 125 100% 27193% 17755%
64| -1.0000% 050 0a0% A2 1 00% 30393% 28315%

Wy -
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APRM SCRAM TRIP POINT REVEW ARTSMELLLA Single Loop VYC-0693A Revwon 2

Mtachment 7284, Page 2 of 2
[ ] K L M N 1 [ P | Q | R 1 S | 1
Inchudes bas and ran
1 [orrors. NSTRUMENTS AV = AL . SQRT(SE$252+$C$26424§032042+$0519+$0510)-$C$25-3D$19
2 DRFT UNEARITY HYSTERESIS ENVIRON. EFF. SEISMIC SUMS SOUARED (¢4 | I I
3 %ES %CS %CS %CS %S ACCURACES ALL OTHERS ~_ [NonTesting Emor : | |
(GSOTSCHIPD) | ((5100°C8r2) €25: Primary Element Accuracy Random Error s¢ 8 percent of Power
.000000C0 ¢ C26 : Process Messurament Accuracy Rendom Etver as o percent of RP.
0 00000000 D29; Flow Uncertainty Random Effect {includes .25% ET) as 2 pwrcent of Rx POWER
02601% 001111 00000141 019: 8quared ation of af] Drift snd other terms for LPRM and APRM Converted to percent of RP
05000% 000 0100 0 0000390 N1¢: Squared eombination of ssouracies for all LPFM and APRM aversging clreults C dto percart of RP.
60000000 L] C25 : Primary Elament Accoracy Bias Errer as 8 percont of Power
1 00000% 00015625 0 00000000 013: Flow Uncertainty Blay Effect 19 2 parcent of Rx POWER
1" 00000% 000015625 0 00000000 1 [ ]
17 0.0000% 0.00015623 000000000 |LSp = AV - $C$10*SQRT(A352)) N
13 00000% 000013623 0 00000000 1 .
" 0 0000% 0.00015625 000000000 A35: Accuracy of the FCTR Card
[ SLMNS N9) SUMIDS:09)
k] 000001111 000003017 | Sum of the squares of the APRMLPRM rirewt deft and other errors SURKPS P10}
1 000000079 [CALIBRATION EQUPMENT CONVERTED TO % RP AND SQUARED E18°2
18 (D18100°C10P2 1 1 |
19 0.00005098 [ Sum of the caiibration ermor end the drit and other cireud errors.
20 SUXO16 017)
2
2
3 Total Loop Uncartainty [Applied NonTestng L
4 FLOW BASED SCRAM (20-30 9%) A4 3500% -3.1036%
25 FLOW BASED SCRAM (309 88.7%) 44912% -2012%
26 FLOW BUASED SCRAM (80.7- 99 0%) _ 4 3485% -1.0085%
21 FLOW BIASED SCRAM (>69.0%) A 2891% -30393%
20 FIXED SCRAM (REDUCED) -3 2752% -1.0393%,
2
3
—
i Mathod 1 AV LOMTING SETPONT
2 118: (AV) LSp SETPONY ALLOWABLE MARGN hS-FOUND TOLERANCE (FT) CALIBRATION TOLERANCE
3 % RP % RP (03512510 VALLE M2) 035C100435 51510 035+62% 035/$C$10+F35 V35'10 039 ES .
u SE§10+030°100) NI5+G34 Vdo Vde %RP %CY 0¢ “ RP %CS /D¢ % RP .
35 €809 [T X0 [¥:] NA 5281% ¥ 6609 8231% % - €341 N
8 $0$10°80472) OY{S0}0°$0322) 5087% 09 6359 $13% 14 6422 :
3 5809 sa84 -
8 0 4"Wd+58 60 0 &' Wds 58 34 -
2 A — —— .
0 Mathod 1 AV LBNTING SETPONT SETPONT ALLOWABLE MARGN AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE,
4 As:(AY) LS VALUE [37)] €7
4 %Re % RP T Véc % RP %C3 oC % RP %C3 vOC % RP
4 ne 1218 51 580 NA 5809% [} 1361 $8.39% [T} 298
44 2350 231 56 10% [ XKT) 51.39% 14 113
& 128Wdh 2358 115w N
[
4 Mothod 1 AV LIMITING SETPONT SETPONT NLOWARLE MARGIN RS-FOUND TOLERANCE (FT) CALIBRATION TOLERANCE
A 118 (AV) [ VRLE | ™M) €n o
4 % RP % RP Vde Ve % RP %CS VOC % RP %CS yoC % RP Lt
[ 102.60 10171 (X0 [ NA 8236% [ 10208 8185% 19 10233
51 6210 8085 30 36% .04 10048 80 86% 09 10108
52 0 66°Wd+62.10 0 86"Wd+00.3%
53
5 Mothed 1 AV LINITING SETPONT SETPONT MLOWARLE MERGN KS-F OUND TOLERANCE [FT) CALIBRATION TOLERANCE
| 55] 1T8: (AV) LS VALLE o2 (c1)
58 % RP % RP Véo Ve % RP %CS [ % RP %CS vOC LY
1 11698 1811 [F] [ NA 9381% 938 11598 $291% 930 1161
58 01.57% [XT] 11448 9211% 122 1321
] )
0 Method 1 AV LMITING SETPONT SETPONT NLOWABLE MARGMN AS-FOUND TOLERANCE CALIBRATION TOLERANCE
ot s (AV) LSp VALUE M2 1) .
62 %RP % RP (73 Vde % RP %C3 VOC. % RP %CS 0C %RP e
3 1297 nn 04 104 NA 1038% 104 1291 $18% [ 177 b
[ 836% 084 1047 8 99% 60 2
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e . £PU Two Loop VYC-089IA, Rewson 2
APRM SCRAM TRP PONT REVEW Atachment 1.2 81, Page { of 2

A 1 B ] C 0 E F G H
1 | APRM Seram Caleulstion for Extended Power Uprats Two Recirculation Lecp Opwation. Vahses based on Tables 6 and 7 sceuracy and &t
SPAN Setpowt Slope Analtyhesi Lmds SENSITIVITY ACCURACY REPEATASLITY
3 | EQUPMENT LO. INSTRUMENT TYPE % First Brask Pot % RP %S %CS
1 0330720531 0 SORT(C24Y100
5| __ND2.1-104__|tPRMDETECTOR
s icPS
tPRM 0.2667%
PR 0.6000%
<TYPES> .
10 FLOW BASED SCRAM (20-30 %) 125 033 0.30 10%
11 FLOW GIASED SCRAM (70.9 - 66.1%) 128 107 6380 10%
12 [FLOW BASED SCRAM (4.7 - 99.0%) 128 (53] 10294 10%
13 FLOW BASED SCRAM (>9% 0%) 125 Maarum Yaue 12000 10%
14 FIXED SCRAM (REDUCED) 128 wa 15 00 10%
13
[ 18 | CAUBRATION ECUPMENT LINCERTANTY (VATE) 0071% 231ZNTEXT)
47 {FLOWINPUT UNCERTAINTY BAS (FROM VYC-890, REV.2) 0450 02837 01361
18 |FLOWINPUT UNCERTAINTY RANDOM (FROM VYC-690, REV.2) 07125 05041 04954 CSFOR FLOW SIGNAL 1S 128 6%
§ | FLOWUNCERTANTY BWAS EFFECT (% Rx POWER) 01910% 04041% 00381% CSFORPOWER 5 125%
20 | FLOWUNCERTAINTY RANDOM EFFECT iciuces 0.25% ST{ Sec 2.3.4)} (% Ry POWER) 03%61% 02869% 03950%
1] FLOW SETTING TOLERANCE 025] (SORTEDIF2CZIZY100]1.268°010 [(SORTIE 18*2+8CS21°2¥ 1001 1.286°D11_{(SORT(F18°28CI2 127100y § 286012
22| VINWOM FLOW VALUES 0 BE EVALUATED (% FLOW) 20 309 Y]
23 | FLOW VALUES TO BE EVALUATED (% FLOW) 2630 9% 309607 66.1-690
24 | MNMUM NUMBER OF LPRMs PER APRM 0
25 | PROJARY ELEMENT ACCURACY (Section 2.2 082% Bt 2 0.340000%
26 |PROCESS MEASUREVENT AGCURACY (%RP) (Seckon 206) & 2177%
2
28 | TECH SPEC LIAT REQURED FOR CTS 12000 % RP.
20 JANALYTIC LIMIT REQURED FOR TS 120.00 % RP
0 l ——
mcmnmmum«mdum SRSS of Catibration Tems i % RP. SRSS of Calibeanon Temns NON TESTING UNCERTANTY
32 FLOW PMSED SCRAM(20-30 %) EYICI10 LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY ___ |0 64'SORT(SE§25°2+3CS20° 29 S0820°2+ 408 19+ SN§18) 135/3C310°100
33 JCAUBRATION EFFECT (CE) CALIBRATION TOLERANCE 'CALIBRATION TOLERANCE $CHIFSORTAIY?) SORT(AY?Z) 0 84-SORT(TES25 2+ $C326°29 SD8200 2 08 190 INS 1€} $C323 S0 19
34 %CS % RP %3 %RP %C3 %RP %CS
35 10000% 0.625 030% 1% 100% 22362% T180%
-1 0000% 0613 -050% 125 100% 32417% 2508%
G10
18 |A38 Typicw AV and Setport Curves
= e .
40 [FLOW BIASED SCRAM (30 9- 00.7%) o
41 JCALIBRATION EFFECT (CE) CALERATION TOLERANCE | CALERATION TOLERANCE L0OP TESTING UNCERTANTY LOOP TESTING UNCERTANTY __ | NONTESTING ERROR -
42 %CS % RP %CS %RP %CS %RP %C3
4] 10000% 0625 050% 125 100% 2.3410% 18728%
“ -1 0000% -0 628 -050% 128 -100% -35652% -20521%
45
38 e
47 [FLOW BIASED SCRAM (85 7- §9 0%) CALIBRATION __ :
43 JCALIBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY ___ [NONTESTING ERROR
A %CS % RP. %C3 %RP. “%CS % RP. %CS .
(50| 10000% 0625 050% 125 1.00% 22440% 17952%
si|__-10000% 0623 050% 123 <100% -31607% -28295%
52
53
41t OW BIASED SCRAM {>09 0%) CALIBRATION
| 58 ICALBRATION EFFECT TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTNG UNCERTANTY __[NONTESTING ERROR
56 %CS8 % RP *%CS % RP %CS % RP %CS
B 1.0000% 050 040% 128 100% 27163% 17755%
5 -10000% 050 040% .25 1.00% -30303% 24315%
5 — -
_e_q_ FIXED SCRAM (REDUCED) CALIBRATION
61 |CALIBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY __|NONTESTING ERROR
| 62 %*C38 % RP %C3 % RP %CS % RP %C3
[os] _ 10000% 050 040% 125 100% 22103% 1115%%
64| -1.0000% 050 040% 128 A.00% 30393% 24315%

693A2_B1 EPU Two Loop Operation Analysis1 updated formatte
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APRM SCRAM TRIP POINT REVIEW EPUTwo Loop VYC-0893A Revision 2
Attachment 7 281, Page 2of 2
| J | K ] L "] N | 0 P 1 Q ] R | S | 1
Inchudes Dias and 1andam
4 {owors. NSTRUMENTS AV = AL . SQRT($E$25424$C$2642+ 082042+ $0$19+$0%10)-$C$25-$D819
2 DRET UNEARITY HYSTERESSS ENVIRON EFF, SEISMIG SUMS SQUARED (+) | l T
3 %CS %CS %CS %C3 %CS ACCURACES | AL OTHERS Non Testing Error ;| 1 I
4] OMSORT(C24Y100 (C0TICIYD) | (@S107°C8P) |E25: Primery Element Accuracy Random Error a3 4 parcent of Powsr
5 9.00000000 [] |C28: Procose M A y Random Error as & percent of RP
o 0 0.00000000 D29; Flow ity Random Effect {Includss 0.25% 8T] ss s porcent of Rx POWER
0.2661% 0.00001111 0004141 019: Squared comb of 81 Drift snd othar terma Tor LPRM snd APRM Converted to percent of RP
] 0.5000% 0 00010000 000003908 N1§: Squared combination of los for 2l LPRM snd APFIM averaging clreuits Converted fo percant of RP.
0 00000000 0 006000000 C25 ; Primary Element Accuracy Bias Error oy @ percent of Power
10 0.0000% 0.00015625 000000060 D13: Fiow Uricertainty Bias Eflect o 8 porcent of Rx POWER
11 0 0000% 000015625 0 |
12 00000% 0.00015625 000000000 |LSp = AV - $C$10*SART(A35*2)
13 0.0000% 0.00015825 0.
4 0 0000% 000015625 0 00000000 A3S: Accuracy of the FCTR Cord
15 SUMNS N9) SUN(OS:09)
18 000011111 000005017 __|Sum of the squares of the APRMAPRM cireut drit and other errors SUM(PS P10)
1 000000078 __[CALIBRATION EQUIPMENT CONVERTED TO % RP AND SQUARED E18*2
1 oienorcioy2| |
1 000005094 | Sum of the catibrabon error and the dnit and other creu errors.
20 SUM(O1601T)
1)
Maxyum Totel Loop Uncertanty | Apphed Non-Testng Uncertainties
El FLOW BUASED SCRAM (20-30 9%) 40T2% 1 2412%
25 FLOW BIASED SCRAM (30 9.+ 60.7%) 48152% 35852%
2 FLOW BASED SCRAM (68.7 - $9.0%) 4401% -31807%
21 ln.v« BIASED SCRAN (>89 0%) A2093% 3.0393%,
[20 FIXED SCRAM (REDUCED) OM Methodology 32152% 30193%
F)
30
pil Mathod 1 AV LATING SETPOINT
3 1WS: (AV) L8p SETPONT ALLOWABLE MARGIN CTS: AS.FOUND TOLERANCE (FT) CALIBRATION TOLERANCE
3 % RP % RP. {035/1257 10 VALUE 0351C10¢435 __[835°10, 035+G35 0353C810+F33 VIS0 OIEI
M SES10+0.36°1 NISGIE Vde Vde % RP %CS Vde % RP %CS de % RP
3 s1e8 $5 88 448 450 NA 4564% 458 705 45.14% $1 5843
6] NIS(SO$10°3D32) O35-($D310°$0422)_ 4364% 43 54 93 44 14% 441 518
37 5045 4920
ki 0 31 Wde58 4% 037Wdeis 28
39
) Nethod 1 AV LIMITING SETPONT SETPOINT ALLONABLE MARGIN CT$: AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE
y 8 (V) i8p YALUE [37) cn
r % RP % RP Vde Vde %RP %C3 Vde %RP %CS Vdo %RP
4 0.0 5995 41 ae NA a8 24% 482 60.30 41.74% a1l ETH
44 21.23 2599 45 24% 462 5180 48 74% 467 5042
4! 197 W21 23 1A W23 98
= A —_—
I Mothod 1 AV LIMITING SETPONT SETPONT ALLOWABLE MARGN CTS: AS-FOUND TOLERANCE (FT) CALBRATION TOLERANCE
I 8 (AV)_ 18p VALUE {€n
49 %RP %RP Vde Vde %RP %CS Vde %RP %CS Vde % RP
<0 we (13 ] 782 152 NA 1927% 102 9902 T872% 187 0840
51 6234 6109 W% 1012 95 1.12% 171 0115
52 0.55"Wde62.34 055" Wde6103
3
54 Mothed 1 AV LIMITING SETPONT SETPONT ALLOWABLE MARGN CTS AS-FOUND TOLERANCE (FT) CALIBRATION TOLERANCE
3 IT3: AV} LSp VALUE M2 : €N
54 % RP %RP Vic Vdo % RP %C$ de WRP %CS Vde %RP.
1 11698 19579 928 030 NA 9351% 38 116 96 9297% 930 11621
59 01.57% .16 11448 9201% 930 11821
59
8 Methed t AV LIMTING SETPONT SETPONT ALLOWABLE MARGN CTS: ASFOUND TOLFRANCE (FT) CALBRATION TOLERANCE
115: (AV) 18p VALUE M €N
m % RP % RP Ve Vde % RP. %CS de %RP %CS Vde % RP.
61 1297 1R 054 104 NA 10.38% 04 1207 978% 17 222
o4 838% 7] 1047 B98% 090 122

€93A2_B1 EPV Two L00p Operafion Anirdl{wdmd format xiy
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APRM SCRAM TRIP POINT REVIEW EPU Singfe Loop VYC-0893A Rewison 2

Attachment 7283, Pege { of 2
A { B C | D I E F G
1 APRM Scram Cafculation for Exteandsd Powss Uprate Singie Recircultion Loop Operation, Vhuet bazed on Tables § ond 7 sccuracy snd arit
2 SPAN Setpoint Stope Ansiyhest Lints SENSITMTY ACCURACY
3 | EQDPMENTLO. INSTRUMENT TYPE % First Breat Point % RP %CS
[] 0330229537
S| ND21-104__ |(PRMDETECTOR
[ cPs
1 LPRM 0.2667%
] APRM . 0 8000%
] <TYPE §»
10 FLOW BIASED SCRAM (20-39.1%) 128 033 $1.70 1.0000%
11 FLOW BIASED SCRAM (39.1 - 61.1%) 125 1.07 0404 1.0000°%
n FLOW BIASED SCRAM (#1. - 118 4%) 125 055 2} 1.0000%
13 FLOW BIASED SCRAM (>119.4%) 125 Goum Vaiue 12000 10000%
1 FIXED SCRAM (REDUCED) 12§ Ve 1500 10000%
1% %CS
18 | CALBRATION EQUPMENT UNCERTAINTY (MATE) 0071% RIINTEXT)
17| FLOW INPUT UNCERTAINTY BIAS (FROM VYC 690, REV.2) 04137 0058368 003698
19 [FLOW INPUT UNCERTAINTY RANDOM (FROM VYC630, REV.2) 0.4673 0434778 0427228 CSFOR FLOW SIGNAL IS 128 8%
19 JFLOW UNCERTAINTY BIAS EFFECT (% Rx POWER) _ 00483% 00803% 00262% CSFOR POWER S 125%
20 JFLOW UNCERTANTY RANDOM EFFECT (inchides 0 25% ST( See 2.3 4)} (% Rx POWER) 0.2240% DOIN 0.3502%
21 [FLOW SETTNG TOLERANCE 0.25] (SORTD18*2+C2147Y1001'1 266°D10 T(E18°2+4C821°2Y10051 286°D11 | (SORT(F 18°2+3C32142Y 100)'1.260°D12
22 [MINIMUM FLOW VALUES TO BE EVALUATED (% FLOW) 20 399 817
23 [FLOW VALUES TO BE EVALUATED (% FLOW) 2039.1% 399+ 617% 617-1194
24| MNIMUM NUMBER OF LPRM» PER APRM 9
25 | PRIMARY ELEMENT ACCURACY (Sechon 225) 082% Bias 2 0.340000%
Wmmm&%mmmm 0 22v%
21
28 | TECH SPEC LIMIT REQURED FOR CTS 12000 % RP
28 JANALYTIC UMIT REQURED FOR 1TS 12000 % RP
] 1t
31 fCeicutated ny folerance f exists of accuracy of s components. SRSS of Cafbraton Terms in % RP SRSS of Cabeaton Terms NON TESTING UNCERTANTY
%—31 FLOW BASED SCRAM (20-30.1%) EIVICS10 LOOP TESTING UNCERTAINTY LOOP TESTING UNCERTANTY 10 84°SORT(SES25%2+8C3$2642+8032042+50319+$N$16)
33 JCALBRATION EFFECT (CF) CALBRATION TOLERANCE | CALIBRATION TOLERANCE SC3I0°SORT(AIN2) SORT(ATS*2) 0 84*. SORT(SES255295C 326424808 20424308 19+$N3 16) $C$25-SD319
N %CS %RP %CS % RP %CS %RP
3 1 0000% 0.623 0.50% 125 1.00% 22213%
30] _ -1.0000% 0623 -050% 128 -1 00% -30956%
37 G10
3 A3
»
40 JFLOW BIASED SCRAM (361 + 01.7%)
41 [CALIBRATION EFFECT (CE) CALBRATION TOLERANCE CALBRATION TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY ___|NON TESTING ERROR
a2 %CS % RP %CS % RP %CS % RP
] 10000% 0.628 050% 125 1.00% 22938%
44 -1 D000% 0625 -0.50% .25 -1.00% =3.1541%
45
48 :
47 JALOW BIASED SCRAM (81.7+ 119 43%) CALBRATION .
48 JCALBRATION EFFECT (CE) TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTAINTY __|NON TESTING ERROR R
4 %CS % RP %CS. % RP %CS % RP. K
50 1.0000% 0.625 050% 12§ 1.00% 22307, I
51 -1 0000% -0.623 -050% : 125 +1.00% -30848% b
52
3
54 JFLOW BIASED SCRAM (119 4%) CALBRATION
55 [CALIBRATION EFFECT (CE) _ TOLERANCE LOOP TESTING UNCERTANTY LOOP TESTING UNCERTANTY ___INON TESTING ERROR
] %CS % RP *%CS %RP %CS %RP
s 1.0000% 050 040% 1.25 1.00% 22193%
Foe] — -1.0000% 2% 040% 12 1,00% ~30393%
50 -—
60 JFIXED SCRAM (REDUCED) CALIBRATION B
61 ICALBRATION EFFECY (CE) TOLERANCE LOOR TESTING UNCERTANTY LOOP TESTING UNCERTANTY __[NON TESTNG ERROR h
62 %CS % RP %CS %RP %CS % RP :
I3 1.0000% 050 0.40% 125 1.00% 22143%
6] -10000% 080 -040% 125 -1.00% -30393%
693A2_BI EPU Smgle Loop Operafion Analysist Updated format by
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APRM SCRAM TRIP POINT REVEW EPU Single Loop VYC-0609A. Revision 2
Attachment 7283, Page 2 of 2
H | J K L [ N 1 Q i P 1 a | R 1 3 1 1
ey Ly
1 emors. NSTRUMENTS AV 3 AL - SQRT(SE$25*24$C$2672+4$D$20*2+$0$19+$0$10)-$C$25-30$19
2 REPEATABLITY DRFT LINEARITY HYSTERESTS ENVIRON, EFF, SEISMIC SUMS SQUARED (s#) 1 T
3 %CS %CS %CS %CS %CS %CS ACCURACES ALLOTHERS Non Tosting Error ¢ | 1
4 (GHIOTSCSIY) | (ps0a°Cey) £25; Primary Eloment Accuracy Random Error o8 2 percent of Power
3 006000000 0.00000000 C28: Processy Accurscy Random Error a3 3 percent of RP
[ 0 00000000 0 00000000 D20: Flow Uncertainty Random Effect [inchides 9.23% ST] 28 2 percont of Rx POWER
7 0.2061% 000001111 000001111 019: Squared combination of al Drift and other terma for LPRM and APRM € to pweent of RP
) 035000% 000 000010000 0 00003906 N18: Squared combination of Tes for a1 LPRM and APRM svarsging circuits Co d to percont of RP.
9 000000000 00000000 €25 : Primary Blemant y Bias Brror a9 § percant of Powsr,
10 00000% 0.00015625 000000000 D19; Flow Uncertsinty Bias EMfect a8 2 percort of Rx POWER
1 0 0000% 000015825  000ODD0Y |
12 0.0000% 0.00015625 0o0000000  {LSp = AV $C$10*SQRT(A3522))
13 0 0000% 0.00013628 0 00000000 Testing Error: |
14 0 0000% 0 00015625 00000000 A33: Atcuracy of the FCTR Card
1) SUMMS N9) SUMOS 0%)
16 000011111 000005017 | Sum of the equares of the APRMALPRN circust drft and ofher emors SUM(PS £10)
1 000000079 |CAUBRATION EQUIPMENT CONVERTED 70 % RP AND SQUARED E18°2
10 18100°C10y°2 I
9 DO000S098__|Sum of the eiror and the dnt and other circull arrore.
20 SUM{016:017)
)
22
Fe) Total Loop Uncertainty [Apphed Non- Testing ¢
u FLOW BIASED SCRAM (20-36 9%} A 3456% -3.CO%0%,
2 FLOW BIASED SCRAM (30.9 - 66.7%) AR4T% 2141%
2 FLOW BAASED SCRAM {8.7 - 99 0%) 43347% .3 0840%
21 [FLOW BIASED SCRAM (>99.0%) 4.2093% -1.038Y%
2 FIXED SCRAM (REDUCED) 32152% .30303%)
2
30
3 Wethod § AV LIMITNG SETPONT
) L353C310°100 Ts$: AV tSp SETPONT ALLOWABLE WMARGN C18: ASFOUND YOLERANCE CALBRATION TOLERANCE
n % RP % RP (03125710 VALUE M2) 03S/C10+.35 33510 O3HGIS O3WSCIINHF3S VI¥10 035+£38
u[%cs $E810+(136°100) N254GI Ve Ve %RA %CS VDC % RP %CS voC % RP
) 1782% 8460 6335 427 47 NA 43.68% 437 5460 .10% 2 5198
30 .2476% NYS30810S0122) 033081080327 4108% [X1] 5210 42 18% 22 6273
37 4800 4013
38 { Typresl AV and Setpoint Curves 0.37Wé* 4800 D3FWde 4873
1]
& Method 1 AV LIMITING SETPONT SETPONT ALLOWABLE MARGIN CIS: AS FOUND TOLERANCE (FT) CAUBRATION TOLERANCE
4 Ts: (AV) \Sp VALUE (M2) €
42]%cs % RP % RP vic Vde % RP %CS VOC % AP %CS vO© % RP
43 1.8350% 1] 5059 an 487 NA 4867% 487 0084 4817% 482 0022
“ -28483% 1901 1776 4061% [ X 41.17% A2 5897
45 107°Wd+ 19.04 1.07°Wd+ 11.70
46
41 Wethod 1 AV UMITING SE TPONT SETPOINT ALLOWABLE MARGIN CIS: AS FOUND TOLERANCE FT) CALIBRATION TOLERANCE
« TTS: [AV) 1Sp VALUE €n
49]%Cs % RP % RP Vde Vée % RP %CS VOC %RP %CS we % RP
) 17010% 85,13 8390 o 081 NA 0212% 081 8513 61.62% 078 8453
51 248795 51 4381 $8.12% 061 8203 00 82% 664 an
52 055War 122 0 §5'Wd+ 40 07
53
7] Nethod 1 AV, LIMITING SETPONT SETPONT ALLOWABLE MARGN CTS. ASFOUND TOLERANCE (F1) CALIBRATION TOLERANCE
55 1TS: (AV) LSp VALUE (M2) (€1)
se[%cs % RP %RP Ve Vit % RP %CS V& % RP %CS voC % RP
57 1.7755% 11898 118.71 9.2 9.3 NA $1571% 038 11888 9297% [E) 11821
50 -24315% 9151% 910 11448 9217% 922 1521
5’ ——
[ Method 1 AV LIMITING SE TPONT SETPOINT ALLOWABLE NARGN CTS: AS-FOUND TOLERANCE (FT) _ CALIBRATION TOLERANCE
61 8: (AV)_ U VALUE (M7 [ D))
[ 52]%ca % RP %RP Vie Vde % RP %CS VDG KR %CS % RP
63 1.7755% 1297 1.72 094 104 NA 10.38% 1.04 1201 978% 098 1222
] 24315% #38% 084 1047 890% 090 122
693A2 B3 EPU Single t00p Operation Anatysis1 Updsted format s
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Attachment 7.3
. VYYC-0693A Rev.2
Yankee Nuclear Services Page1of2

GENERAL @D ELecTAIC

ATONIC POWER EQUIPKENT DEPARTMENT

vec.wo. 22A1366 L. o
| RESIGH SPECTFICATION v 12 cour o3

4.6.2,1. The detector sensftivity shall be such that the output of the signal
conditfoner corregponds to the required parcant pover reading assoclsted with
the neutron flux level in the viefnity of the detector.

4.6,2.2, The rangy of neutron flux (operating) ehall be as specified on the
data aheetn,

4.6,2,3, 7The range of meutron flux &t 100 percent reector poswer chall be as
specified on the data cheete,

4L.4.2.4, The Tange of gamma dose rate st 100 parcent reactor power shall be
a5 specified oz the date sheets. .

4.6.2,5, The detector shall be designed such-that the satuvaticn character—
1stics of the detector do not csuse an error in .the sfgnsl due to poder supply
varfations of grester than #1 percent of the 10D percent xveactor pouver value -
over the opersting neatron flux range speciffed in the dsta gheers.

£.4.2.6, The datector chell be so degigned that the true output chall not

deviate from the fdeal output by more than #1 percent of the 100 percent reactor

pover value over the top decade of the gperating flux renge specified in the data
] sheets.

4.4,2,7,. The &atector shall have & mufaum Jifetioe of 2,0 years In the lifetime
nestron flux specified 4in the dats sheets, End-of-Iife 1s dcfined as having
occurred vhen the ratfo of the ocutput gigasl resuiting from neu:mns. ‘to the
output signal resulting from gacmes, vesches S to 1.

4.6,2,8, The detectarfceble leskage curreat shall not exceed 41.6 peicent of
the £ull scale ocutput duxing the 1i{fe of the detector, Leakage current 1¢ de-
fined as that current presented to the gignal conditioning equipment when the
detector 1s at operating conditions but with no neutron or gemma flux precent.
£4.4.2.9, The detector and detector syserbly suvironment shell be as follows:

2, Neutron and Gemma Flux st Detector 4s spacified on the date sheets,

) < ..
" be Doss Rates at Detector Assembly Connector: \t.
Caznat N 2.4 Rfhr
Feutyoai: 10 ren/hr . '

€. Reactor Pressures

Operation: 1025 paig at 546°F
Dcgigns 1250 peig st 600°F
} Maxfmum Ezergency Pressures 1375 peig st $83°F

1690w -
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Attachment 7.3
VYC-0693A Rev. 2

Yankee Nudlear Services Page 2 of 2
cENERAL D ELECTRIC
ATCKIC PCYER EQUIPKENT DEPARTMENT
. » . 22 (3 nev.no. I3
, DESIGH specIFIATION R T Anp et

H :

4.4.5.2. The true output of the signsl conditfoning equipnent ghall pot deviate
from the 1des] output by xore then 40.8 percent of full gcale at control room
design centex enviroamental coaditfons over the range of flux {operoting)
specified in the date sheects, :

4.4.5.3, At the control voom degigan center envircnzental conditfons speclficd
{in the dats sheers, the equipnent shall not hava a long term drife {200 hours)
grezter than 40.8 perceat of full scsle.

£.4.5.,4, The aignal condicioning eguipment shall be designed «¢ that the gain
can de set at 3 decired valoe within 40,1 percent of the £u1l scale value over
ditc range of aljustment. The gain shall be adjustable 1o threc steps and cach
step shall be continuously adjuctsdble by at least a factor of S.

4.4.5.5. The efgnal condirioning equipment olall provide 2 O to 160 nV for

xero to full scale output for the computer. A -
4.4,5.6, The signal conditianing equipment shall provide m O to 10 volt signal
To the Average Power Range Monitoring system. Assigament of the varfous signal
conditfoning outputs to the APRN's 15 made on the Inctruament Engineering Dlzgran
(LED) 1icted In Paragraph 2 of the data sheets. 1IThe signal conditiener shall

} be designed such that two APRM'g may be driven from each LPRM signal condit{oner
output, :

4.4.5.7. The signal condit{oning equipment chell provide 2 0 to 10 volt signal
to the Rod Block Yonftor (RBH)} System specified fn Parasgreph 4.8,8, The required
“A" core level end “C" core lawel condfcioned detector signals shall bé coanected
through a avitehing matrix to the RBY associsted with Resctor FProtection Systen
Trip System A, The requized "B" core level and "D" core level counditfoned
detector signals shall be connccted througk the sultching matrix to the RBY
associnted with Reactor Protectioca System Trip Syatem B, The mppropriate iuputs
shall be sutonsticelly switched wpor election of a rod. Selection details B
are found on the Ingtrument Engincering Disgrem (IED) Iisted in Paragraph 2 -
of the data shects.

4.6.5.8, Signil Output to LPRM Meter Croup Dieplay - The equipzent shall be

}  designed such that e group of condirioned outputs ste provided to the LERX
Group Displey upon selection of a control xods Particular selectfoa aund routing
detells ure 85 gpecified on the Instrument Eagineering Diagrac (IED) 11sted in
Paragraph 2 of the data shects,

4,4.6, Trip end Alarm Fumecions, Tbe. follouing trip and slarms ere raquired: : ¥

8. Upscale Level Alarnm
b. Dewvascale Level Alarn

fstueun

¥rp 8 1317
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Attachment 7.4

VYC-0693A Rev.2

Yankee Nuclear Services Page 1 of 1

ceNeraL @ eLecTaic
ATCHIC. POVER LQUTIPMENT DEPARTME (T

. DESIGN SPECIFICATION ~ DATA SEEET Y—no &

wee no. Z2A13E66AF ece.mo 1

COne On yuge= §

J

4.,6,1. (coutinued)

These sources are placed axially in the core as shown ou Figure I,
acd vadlelly as shoun on the ingtrusent engiuceriog disgraa lisred
ic Parsgraph 2 of these data sheets. The sources shall be Srradiaced
fo a swem=ur desceibed ca the frzsdisticn specificaticn lieted on the
Reutroc Source Drmring listed in Paregraph 2 of thesc data sheels.

b. Penetrations shall be designed and fostalled smuch that special
-~ coaxial csbles can be tsed for cocuection of detector: to sigaal

conditicuing equipnent.

£.5.2. Interncdiace Raage ooitoring Systes. Penctrations ~ some as Tara—

grarh 4.4.1 above,

- 4.4.3. Fower Range Moaftoring Svstens .o . e e

. Deéec:cr s0d Detector Assesdly shall be placed within clhie cote in

the manner showa 1n Figure 2 of these data sheets.
12

b. Rsnge of Operzting Xeutruz Flux «hall be from 1.2 x 107 av to

2.8 x 10'% v,

c. The Neutrou Flux at i00 percent Kesctct Tower ia the ﬁ
- , of the ector shall be within cthe ranuge of 9.4 x 10

intty
v tw

2.8 x i uv. The peak peutroa flux at 10 percent of rated

power will be 3.4 x 1014 av. The detector aignal resulcing

froa this flux shall pot deviace from che 1deal ocutput by more

thaa (latec) percent of the 100 percent rated power ﬁlu_'e.

d. The Comma Plux st 100 percent Rasctor Power Ln the viciatty of

7. tns dategtor shall be wichia the raage of 4.2 x 103 ®/he o
1.2 x 10” K/kr.

«, Detecror Lifutime Xeutron Flux ahall be 1,84 x 10
the maxtimrs grsma flux specified.

1<

/Y mextwm ag

&.4.4, Lical Powir Racge Momitoring, Uhes the Teactor power is dtstridured vich

r octant symaetry, the equivaicot positipas shall be as shown f{o Tadle I of these
; W/ data eheate. :
4
H 4,4,5, Average Power Range Woaftoring. The aunber of LYEM outputs wsed as feput
: Co an APKM that may bnuuda:nycuumohcuucmndou‘fntm
! thtmtumhwuhxmtmm'mﬂ(mmm:bu) and ‘etven ’
H for as APEM that has tventy unsheyed LJXM (speta.

<
Vodar coaditions where all LIEX efignale from and assoctated
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Yankee Nudlear Services
SENERAL (D ELECTRIC 175259
& TOLE DESIGN % PERFORMANCE SPEC. ceem 2 e
12541259 APRH
corousxt 2 wmma Y ARST MADE FOR "DESIGN  STANDARDY  2(2.7.3

1.0 TEMPERATURE AND HUMIDITY ) . ot
1.1 Rsetricted 17509680 parz. 1.1 2
1.2 Foll 175A9680 pars. 1.2 g
. -4
2.0 PONER oo :
2.1 <45 volta DC 17549683 e
2.2 215 volrs IXC 17549698 SR H
u
3.0 INPUTS a
3.1 LPRM S v
3.1.1 Polarity and Renge 0 to 410 volts DC _ é
3.1.2 Maximam mumber to operate - 24
3.1.3 Minimx punber to operate in apec 10
- 3.1.4 Miafoux nuxber to operate 6
3.2 LFPRY Bypass 1 for each LPRH
3.3 LPeM Cotmt
3.3.1 Kusber 1
3.3.2 Folarity and Renge -0.5 ma per LPRM
3.4 Calibracor Power
3.4.1 Fusber 1 for each LPRM
~ 3.4.2 Valoe ~14 volts DC nominal ]
3.5 Flow 2 ¢to 10 vults DC nominal
4.0 OUTPUTS
4.1 Recorder 0 to -1 wolt
Qutput Impedence 1.2K obms
4.2 Counputer . 0 to -160 wv
< Gutput Ixpedgnce 215 ohas
4.3 Keter 0 to =10 voles OC
4.4 B2 Reference S{gual (Isoclated) 0 to ~10 wolts DC
5.0 COKTROLS AND INDICATORS )
5.1 Mode Switch
- 3.1.1 Uperate .
5.1.2 Standby. Seme «s 5.1.1 except :
inoperative txip is txipped. : a7
5.1.3 Zavc. LPRM'e discannected, DC amp
csn be adjusted to zerc.
5.1.4 PYowecr Test. .Operator may apply aad >
sdfuatable sinulsted powver sigual
vhile atill coanccted to tha sctuel
flov sigusl.
. 5.1.5 Power und Flow Test. Cperator may
apply adjustable simulated gigunle INTS TO!
Lzsm far _barh Pousr snd Flocs
Whreen (i/67 | pi D gt 17541259
2400) Moy 1247 © ,/1/19/47 SAY JOSE. CAI YFDANTA ocsnon] cowt o et 2 wea. ]

— ] e e Y - TR T wv mli

APV B N. s o . .o " - -
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Yankee Nuclear Services

CENERAL @S ELECTRIC 17581259

B TILE DESIGR & PERFORMANCE SPEC. onsar 3 e 2

175R1259 APRHM
wmonmmtzt 3 euea 2 |RRSTMADEFOR DESIGAI  STANDARDS 212.13

REVUINS

5.2 Meter Punction Switches

5.2.1 Avermge. Aversge oucput of LYRM'e
oot bypeseed.

5.2.2 Ylow. OQutput from flow Converter 1in
petcent Flow,

$.2.3 Count. Humber of LPEM's being Averaged.
Meter reading is 5 timec the aumber.

S.2.4 Al-AG6, Bl-B§, Cl-C6, DI-D6. Heter
reads output of each LPRM. Seleccs
calibrator power frow observed LPRM.

5.3 Heter Reverse, Expand Switch

5.3.1 Reverse - 1 volt f.s.
5.3.2 FRorouel o 10 volts £.c.
5.3.3 X10 expand “1 volt f.s.

5.4 Power Test Potentiometer. Adjustable
simulated Pover sigumal; Range-xeto to
greater than fall eczle. -
5.5 Flow Test Potentiometer. Adjustable
ginmulated Flow signal; Range-leas than
. zero to greater than 100X Flow.
5.6 Calibration Adjust Poteatiometex. Controls
T voltage to precision resistors of Calibrator
Range-0 te grester thez ~10 volts DC.
5.7 Calibretion Monitor Switch. Allovs Calibrator
voltege to be wicwed aa meter.
5.8 LPRY Bypeseed Light. Indicates vhen LPRX
bedng monitored is in the .Cal{brate or Bypassed
condition.
5.9 Meter Pxpand Light, Indfcates when the meter
’ Beverse, Expsnd Switch ia in 2 positicn other
- than Narmal,
5.10 Trip Xeset Switch. Resats sll latching teips
4in the APRM and associated LPEM's.

6.0 PERFORMAKCE
6.1 Averaging Circuitxy

€.1.1 Adccuracy (includes Lincarity and
Stebility) . A7
Restricted Conditions *0.6x :
Foll Cond{tionn 22.4%
Jd.2 Drife $0.5X/2 wveeks )
+1.3 Respouse Time <5 we -
«d.4 Cain 2.5%¢40% -
6.2 Trip Cilxcuite (¥oo~Flow Biased)
Specd. apply wvhen uaing Quad Triv Unit
136%X1322 and Trip Referemce Unit 136R1321. Pep———y

YA reen i fl7 - WG'“'.W NID by o] 175A1259

ﬁuﬁﬂ,J/“"l'é? . 70/3/7 SM;lOSE, CALT.FORHIA ucmou‘mﬂoum 2 en 2 -

8- &

Bk
REVISED FIRST MADE FOR

"
!

{

[ 0 -
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Yankee Nuclear Services Page 3 of 3
CENERAL @D ELECTRIC 175R1259
f
BT TME DESIGN & PERFORMANCE SPEC. ot 4 Gacy ~ea 3
175A1259. APRM’
. [owevews F ema 3 FIRST MADE FOR DESHGR  STANDARDS  212.7.3

Hi

6.2.1 Accuracy

Regetricted Conditions 17 f.¢
rull Conditions 12X f.6
6.2,2 Drifc - 20.53/2 weeks

6.3. YTrip Circuits (Flow Blased) gpecs.
apply vhen ausing Quad Trip Uatt 13681322,
Irip Reference Unit 136B1321, and Trip
Bias Ugit 216X541.

6.3.1 Accuracy
6.3.1.1 Resctricted Conditions

/ (ﬁzn-ca “2
REVISED FIRST MADE Fo

50 to 100X flov 2
0 to 501 flow 221 :
« 6.3.1.2 TFull Conditions
50 to 100X flev & 22x
0 to 501 flow 237 -

6.4 Count Irip Reference
6.4.1 Linemrity

Restricted Canditions £3%
Full Couditions 23
6.4.2 Stabilivy
. Restricted Counditions - 2312
> Fell Cooditiouns 227 a
6.4.,3 Drift 20,522 weeks
7.0 CONSTRUCTION :
7.1 Cards .
7.2 MHoduleg
7.3 Mechanicel Xeying
8.0 TEST REDUIREMENTS 17541239
47
PRH(TSTO
L4 SPTROVILS -
WiZrees so/ill 7\ g NID oo 175A1259
ool Mo L7 " 763947 | SAN JOSE. CALTFORKIA wocemon) contomomer F aewo. 3
—-hn“;n-ug..: —1 t ] . T. P23 m’-’::ﬂ

ADDRAMIDRA NMAaydran Manitarina Trim | anas
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Flow Control 'l‘np Reference (l”CTR) Card DESIGN SPECIFICATION
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L DOCUMENT DESCRIPTION

1.1 DOCUMENT PURPOSE AND USE

This Dcsigh Specification describes in quantitative terms the characteristics of the FLOW
CONTROL TRI¥ REFERENCE CARD.

These characteristics are grouped as follows:
* Inputs to the card - their information content and clectrical characteristics
¢ Outpuls from the card - their information content and electrical characteristics

» The functions of the card - its information processing, transfer functions, and the
inferrelationships between the inputs &nd the outputs

s The physical environment under which the card will function properly

» The card's physical parameters - size, sha.pe, type and placement of connectors
* Application inforination - potential safety hazards

1.2 DOCUMENT SC()PB'

This document describes the performance of the FLOW CONTROL  TRIP
REFERENCE CARD with respect to its use &s a component part.

Attachment 7.6
VYC-0693A Rev.2
Page 4 0f 23
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. RELATED DOCUME

2.1

a)

b)

c)
d)

&)

22

REQUIREMENTS

BWROG Hardware-Related Task Authorization for Stability LTS Enhanced
Option 1-A: 94.159.0, .5, 95.159.0, .5, .7, 96.159.0

NUMAC Requirements Specification: 23A5082

NUMAC Software Configuration Management Plan 23A5161 (meets requirements
of ANSIIEEE 7-4.3.2-1982)

NEDO-32339-A Class 1, December 1996 - Licensing Topical Report, Reactor
Stability Long-Term Solution Enhanced Option I-A

NEDO-32339-P Supplement 2, Enhanced Option 1-A Solution Design, April 1995,
with errata 8/1/95, 9/15/98, 1/31/96, 3/27/96, and 11/27/96

NEDO-32339 Supplement 5, Enhanced Option 1-A Solution Closure, September
1996

APPLICABLE STANDARDS

MIL HDBK-217F Reliability Prediction of Electronic Equipment

Gl 265A114R Specification for Printed Circuit Boards

1EEE 323-1974 Qualifying Class IE Equipment for Nuclear Power

IEEE 344-1975 Sceisatic Qualification of Class 1E Equipment for Nuclear Power

GE 100 Scries Electromagnetic, Interference and Susceptibility

Attachment 7.6
VYC-0693A Rev. 2
Page 5 of 23
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3.

—__DESCRIPTION

3.1

GENERAL

The FLLOW CONTROL TRIP REFERENCE CARD is a Class 1E component. This card
provides all of the functions required by the original equipment and section 2.2, and will
not deter from the current mechanical parameters or electrical connections in order to
implement new features, unless otherwise requested. Logic comman, if not present &t the
connector, will be connected to present unused pins. In addition, this card provides input
flow signal ‘validation to ensure fail safe opcration. This card may be inserted and

- removed under power without danger and will automatically reinitiate afler completion of

an internal self-test (approx. S scc.). This card provides for the following interface
betwecen the input flow and the output references:

*

P'ravides floaw signal output following noise & EMI filtering.

Provides a Scram Trip Reference based on a derived core flow function residing in -

memory far the recirculation Two Loop Opcration, Two Loop Setup Opcration,
Singlc Loop Operation and Single Loop Sctup Operation settings.

Provides a controt rod block Trip Reference based on a derived core flow function
residing in memory for the recirculation Two Loop Operation (TLO), TLO Setup,
Single Loop Operation (SLO), and SLO Setup settings wilh slope and offsct

. adjustment.

DIP swiltches provide selection of alignment constants for the Recirculation
Drive/Core Flow transfer function.

DIP switches provide selection of an altemate set of trip reference function tables.
DIP switches provide constants for the Power Based Adjustment transfer function.

Provides a recorder output of the control rod block Trip Reference with oflset
adjustment.

Provides validation of incoming fiow signal (out-of-range high or law),

Provides an INOP output contact that is actuated if the card is not operahle or fails
self test, .

Status LED provides visual latched confirmation of status (INOP),
Status pushbutton provides resct of status (INOP).

Setup LED provides visual laiched conlirmation of setpoint Setup condition.

Setup pushbutton alternately changes between SETUP and NORMAL setpoint arrays.
Provides for automatic reset of trip reference sctpoints to normal based on a preset
conirol rod black trip reference value,

Provides a factary test output.
v et ¥ Attachment 7.6

VYC-0693A Rev. 2
Page 6 of 23
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3.2  PHVSICAL

The FLOW -CONTROL TRIP REFERENCE CARD is designed in two different size
configurations. The FLOW CONTROL TRIP REFERENCE CARD is designed as a pin-
compatible replacement for the existing FCTR Card in the APRM page. See Section 7,
Specified Mechanical Characteristics, for details.

33 FIRMWARE

This card contains finnware for providing recirculation drive flow based sctpoints
associated with the input-output interface.

4. OPERATIONAL PERFORMANCE

41  ACCURACY

The FLLOW CONTROL TRIF REFERENCE CARD will be designed to operate with an

accuracy of £1.0 % over 36 months duc to environmental, initial calibration and accuracy
drift: ' ’

4.2 SERVICE LIFE

The target service life for the FLOW CONTROL TRIP' REFERENCE CARD is to
operatc continuously (within the specificd environmental limits, and allowing for
replacement of failed componcents) for at least 40 years.

43 POWER REQUIREMENTS

This card will require 115 VDC, -15 VDC, Analog Common & Digital Common for
normal operation. Digital Common will be required for EMI grounding purposes even
though +5 VDC is not being used. The +5 VDT will be generated on board from the +1 5
VDC. The card connections will be compatible with the present pin-out configuration in
the APRM page conncctor with the Digital Common if connected, taken from the present
logic common pin-out. If not connccted, then the logic common will be connccted to
present unused pins. The power requirements of this card will not adversely affect the
APRM page's power supply capability. Application and tolerances are listed below,

Attachment 7.6
VYC-0693A Rev.2
Page 7 of 23
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4.3.1 POSITIVE LOGIC CIRCUIT SUPFLY VOL.TAGE
{Generated on board from the +15 VDC & Analog Commion)

Application:  +5 Volt DC power used for internal logic.

PARAMETER | SYMBOL | MIN | OPERATING | OPERATING | MAX UNITS
LIMIT MAX MAX LIMIT
Logic Supply Ve 0 45 5.8 535 vbC
Voltage :
Logic Supply Vocr 0 0.00 0.0§ 0.10 VRMS
Ripple Vollage

4.3.2 POSITIVE ANALOG CIRCUIT SUPPLY VOLTAGE

Application +15 Volt DC power used for internal ADC's, DAC's, amplifiers, cic.

PARAMETER | SYMBOL | MIN | OPERATING | OPERATING | MAX UNITS
LIMIT MAX MAX LIMIT

Positive Analog vdd 0 14 16 16 vDC

Supply Voltage

Analog Supply Vddr 0 0.00 0.01 0.10 VEMS

Ripple Voltape .

4.3.3 NEGATIVE ANAL.OG CIRCUIT SUPPLY VOLTAGE

Application: =15 Volt DC power used for internal ADC's, DAC's, amplifiers, etc,,

PARAMETER | SYMBOL | MIN | OPERATING | OPERATING | MAX UNITS
LIMIT MAX MAX LIMIT
Negative Analog Vss 0 14 -16 -16 vbe
| _Supply Voltage :
Analog Supply Vssr 0 0.00 0.0] 0.10 VRMS
Ripplc Voltage

4.4 SAMPLE TIME

The minimum time for sampling the flow input is 4 msec. The interval for updating the
trip references is 28 mscc.

4.5  ANTI-ALIASING FILTER

The flow input anti-aliasing filter is sct at <2011z,

Attachment 7.6
VYC-0693A Rev.2
Page 8 of 23
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|

4.6 RESPONSE TIMFE

[

The maximum response time from input 1o output is 250 msec,
47  AUTOMATIC TRIP REFERENCE SELECTION

Trip reference functions are identified as setup and non-setup. When the control sod
block setpaint excceds a specified Automatic Setdown Setpoint, the tip reference

functions are taken from the non-setup 1ables, even if the setup selection has been made
with the pushbutton sclectar switch provided.

48 RECIRCULATION DRIVE CORE FLOW TRANSFER FUNCTION

The Recirculation Drive/Core Flow transfer function will be adjustable to accommodate
variations in this relationship, Two four-position DIP swilches, operating in binary, arc
used to select the appropriate alignment constants used in the transfer function. There will
be a maximum of sixtecn choices for each of two alighment constants.

4.9 FOWER BASED ADJUSTMENT ADDER

The Power Based Adjustment Adder provides an adjustment to the output trip reference
setpoints. The same adjustment adder is applied to both output trip references. Three of
four switches arc used to provide eight choices for the adjustment adder. Scelection of an
adjustment adder of zcro results in no adjustment to the output trip references.

4,10 ALTVERNATE TRIF REFERENCE SELECTION

Two complete scts of trip reference arrays are stored in memory. One switch of a four
DI’ switch is used 1o select between SET1 (primary) and SET2 (alternatc).

Attachment 7.6
: VYC-0693A Rev.2
- Page 9 of 23
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% PROGRAMMING INFORMATION

|s3  tRIP REFERENCE ARRAYS

At least 512 points (9-bit resolution) composing an arra)"of' each specified function (plant
specific) will be held in memory. There will be up to & maximum of two sets, each
consisting of eight (8) transfer functions. These funclions are programmed into the

memory component (installed on a EPROM) and can only be changed by component
replacement .

§2  TRIP REFERENCE FUNCTION SPECIFICATIONS

The 512 point, (9-bit resohution) 1ables for each plant-specific teip refercnce function are
specifies as:

1. Single Loop Operation (S1.0) NORMAL
a. Scram
| b. Cantrol rod block

2. Two Loop Operation (TLO) NORMAL
a. Scram
| b. Control rod block

3, SLO Sctup
a. Scram
| t. Control rod black

4, TLO Setup

a. Scram
| b. Contral rod block

These functions are prograinmed into the memory component (installed on a socket) and
can only be changed by component replacement.

53 SICNAL VALIDATION

The input recirculation drive flow will be validated 10 confirm that it is not ont-of-range
(high>130 or low < -15%).

£4 AUTOMATIC SETDOWN SETPOINT

The Automatic Setdown Setpoint is provided for each pair of TLO (NORMAI/SETUP)
and SLO (NORMAL/SETUP) trip references. The setpoint is programmed into EPROM.

Attachment 7.6
VYC-0693A Rev.2
Page 10 of 23
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e s .

6 SPECIFIED /0 CHARACTERISTICS

61 INPUTS
6.1.1 ELECTRICAL INPUTS

1 Input Flow: 0 to 10 volts DC (relates to 0 to 125 % flow)
Input impedance, Z;,, is 100 K.

6.1.2 LOCAL OPERATOR'S INPUTS N
] Recirc T1O/SLO (switch atlows choice)
INOP Rescet (pushbutton)
Recorder offsct adjustment
SETUP (pushbutton - altcrnate action)
DIP switches for drive flow alignment constants, power-based adjustment”
constant, and Alternate trip reference selection

bl

8) Manual Reset:
1. Pushbutlon

| 2 Change in switch status (TLO/SLO)
b) Automatic Reset:
1. Trom SETUP to NORMAL of a specified rod block setpoint corresponding
to 5% recirculation drive flow above A'nom !
2. Power failure :

3. Exiting INOP

Upon reset of SETUP, current recirculation TLO/SLO switch setting will determine the
applicable arrays applied

Attachment 7.6
VYC-0693A Rev. 2
Page 11 of 23



o

eanas—
hhAWN -

24A5215 SHNO. 12
GE Nuclear Energy Rev2 OF 19

=)

2 OuUTPUTS
6.2.1 ELEC'I'RICAL OuUTPUTS

Output Recire Drive Flow: 0ta 410 volts DC

Scram Trip Relerence: 010 -10 volts DC

Control rod block Trip Reference: 0 10 -10 volts DC

Contro! rod block Recorder, 0 to -1 volt DC with an offset of & 100 mV
INOP: normally open (N.O.) contact, non-latched. Open, non-cnergized,
on INOP.

A’nom - the highest flow in operating domain associated with Restricted Region of
recirculation drive flow transfer function (plant specific),

‘l’ A critical Self-test faull zeroes the Scram and Rod Block tnp references (forces

APRM scram and rod block)
6.2.1.1 FACTORY TEST OUTPUT

Single digital fiber-optic communication output, transmitter only, at a data rate of 19.2
kHz. Hewlctt-Packard 1IFBR-1414T fiber-optic transmitter.

6.2.2 LOCAVL OPERATOR'S INDICATION

1. A non-latched two color LED to indicate trip reference sefup condition. LED color
indications arc:

GREEN: Norma! boundaries
YELLOW: Setup boundaries

YELLOW (slow blink): Flow validation inhibit {(normal boundarics)

YELLOW (double blink): | Flow validation inhibit (setup boundaries)

2. Atatched two color LED to indicate card INOP Status. LED color indications are:

e GREEN: Opcrating Normal
RED (steady): Current INOP (self-1est fault)
RED (slow blink): Previous INOP, cleared, but not resct
(Initial power-up or previous self-test fault) *
o RED (fast blink): Flow validation fault
»  RED/GREEN (fast bhnlg Previous Flow validation fault *
s OFF: ‘No power 1o card

% Previous INOP or flow vahdanon fault is reported and reset in the order of occurrence,

' Non-atched

7 Jran INOP occurs (RED) and then clears automahcally, this indication will b latched RED-
blinking) which indicates normal opcration but with a past INOP, This can be resct by the
INOP Resct pushbutton.

Attachment 7.6
VYC-0693A Rev. 2
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7.1 METAL CASE: (BWR 3 - early BWR 4)

+.000

0.920

-020

.03
425070

FCTR

mor
Y

o
Pinatl 8

KESET

~

hNORMAL,
SETUP

$1.0

30'
“y
v

OFFSEY )]

|~

o

INOP LED

INOP RESET
PUSHBUTTON

NORMAL/SETUF LED

NORMAL/SETUP PUSHBUTTON
(ALTERNATES RETWEEN
NORMAL & SETUP ARRAYS)

RECORDER OFFSET

ADJIUSTMENT

\ ——- EMl SHIELD

Attachment 7.6
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SETUP

\L

00

44847
&F
SLO

OFFSET [N
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7.2 SMALL - 44 PIN: (Iate BWR 4- BWR 6)

INOP LED

INOP RESBT
PUSHBUTTON

NORMAL/SETUP LED

NORMAL/SETUP PUSHBUTTON
(ALTERNATES BETWEEREN
NORMAL & SETUP ARRAYS)

TLO/SLO TOGGLE SWITCH
LOCKING LEVER)

RECORDER OFFSET
ADIUSTMENT

\.____ CARD EJECTOR

Attachment 7.6
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8. BLLOCK DIAGRAM
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9, " SPECIFIED OPERATING ENVIRONMENT

The FLOW CONTROL TRIP REFERENCE CARD will not adversely affect or be

affected by the operation of any other components or equipment operating within the same
environment.

9.1 Tf-ZMPERATURB AND HUMIDITY LIMITATIONS

This card will perform all specified functions correctly when operated within the specified
temperature range illustrated in Figure 9-1 and the, specificd relative humidity range
illustrated in Figure 9-2 (Applicable Standard 2.2 c).

Figure 9-1, Temperature Limitations

{0 °C <Ta <70 °C)

-~

Temperature (°C)

v

-5 0 70 85

< Range of correct operation—— | ¢——

Temperature Temperature
helow which above which
card may be : card may be

damaged Ranges in which card may or may not operate correctly damaged

Figure 9-2, Humidity Iimitations
(20% < Rel Humidity < 90%)
< Relative Humidity (%) >
10 20 90 95
== | «— -—— Rangc of correct operation ———— l ;e :

Humidity Humidity
below which above which
card may be card may be

damaged Ranges in which card may or may not operate correctly damaged

Attachment 7.6
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92 ~ ELECTROMAGNETIC INTERFERENCE

The FCTR card is qualified for electromagnctic compatibility (EMC) by type testing and

analysis. The EMC testing performed eliminates the need for utilities to perform in-plant
clectromagnetic environment surveys in accordance with EPRI guidelines (Reference 7).

9.2.1 SUSCEPTIBILITY

The FCTR card is mounted within the existing cabincts of the NMS and derives power
from NMS power supplies. Therefore, power and signal conducted noise immunity are
not significantly affected by the replacement or addition of these cards. The existing
power supply immunity to conducted noise and power surges remains unchanged. Thus,
the only EMC susceptibility tests performed on the FCTR card are:

Electrostatic Discharge (ESD) - IEC-801-2

» Simulated Lightning Strike Conducted lmmunity Test (using pulse measurements
provided by Entergy Opcrations, Inc.)

» "Radiaied Electric Field Test (demonstrate that adequate margins exist for proper

FCTR operation when installed into an existing NMS page under electromagnetic
near-ficld emissions from adjacent cards)

9.2.2 EMISSIONS

The radiated emnisstons test confirm that the FCTR card has sufficiently low near-field
cmissions as to not affect the existing NMS pages.  Similar to 9.2.1 above, these is no
accepted test level for this application; therefore, it must be established as follows:

» Radiated Elcctric Field Test (demonstrate that adequale margins exist for adjacent
cards to operate without electromagnetic near-ficld interference from the FCTR card
installed into an existing NMS page)

9.3  AMBRIENT PRESSURE LIMITATIONS
This card wilt perform to specification for any absolute pressure in the range of 13 psito

16 psi. .

Attachment 7.6
VYC-0693A Rev. 2
Page 17 of 23
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9.4.1 DOSE RATE

The card will perform to specification over its design life in a gamma field of 3 mR/hr or
less.

9.4.2 TOTAL DOSE

This card wili perform to specification over its service life for & total integrated gamma
dose of 110’ Rads,

9.5  SEISMIC DISTURBANCE LIMITATIONS

The FCTR Card will be qualified based on applicable areas described in JEEE 344-1975
(Applicable Standard 2.2-d). The APRM page environment will be established through
analysis, and it will be determined that the addition of the FCTR into the APRM page will
not significantly degrade existing system performance when subjected to seismic events.
Documentation will show that qualified tests and levels (or analysis) cover APRM page
environaient for this application.

10, SAFETY PRECAUTIONS

10.1 PERSONNEL SAFETY

e HELECTRICAL .
No voltage greater than 28 volts & tolerance (for Status INOP contact) is present on this
card. This card may be rentoved under power without danger.

« MECHANICAL

No moving parts will cause personal danger.

» THERMAL

None: no high temperatures are present on this card.

s RADIQLOGICAI

None- no radicactive materials are incorporated into this card.

e CHEMICAL

None - no corrosive or toxic substances are incorporated into this card,

Attachment 7.6
VYC-0693A Rev. 2
Page 18 of 23
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11.

" TEST REQUIREMENTS

111 AUTOMATIC SELF-TEST

An automatic self-test feature will be used on this card. This feature will automatically
test at least once per minute. 1 an crror or occuts an INOP will be initiated.

A known internal reference is used, with its outputs, Scram & Control Rod Block Trip
References, internally checked agsinst the expected outputs to verify correct system
opetation. .

The voltages; power, logic. & reference are monitored to verify they are within
tolerance.

The CPU monitors power failures to ensure fail-safe operation.

Watch dog supervisory circuit is used to ensure correct software operation, cycle
timing and logic power failure.

Voltages from the DAC are fed back through the ADC to ensure correct hardware
conversion aperation

Scif-fest dlap,nosuc testing ensures correct DAC operation and sets its output to 0™ if
the signat is not updated (frozen).

1.2 MANUAL SURVEILLANCE/CALIBRATION

Manual surveillance will be required at least every 36 months. This will consist of
inputting an existing externally known simulated recirc drive flow slgna! to verify correct
system operation.

Test points are provided for measuring the ;.mwcr voltages (+5 VDC, +15 VDC & -15
VD) and the system clock (16 MH?2).

Attachment 7.6
VYC-0693A Rev.2
Page 19 of 23
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9.2.2 EMISSIONS

Again, there is no accepted test level for this application, therefore, it must be
established. The test levels for emissions for the APRM page will be established
by the following:

¢ Qualify new FCTR CARD per emission test at derived susceptibility
qualification level above

¢ Document how qualified tests and levels cover APRM page environment for
this application

8.3 AMBIENT PRESSURE LIMITATIONS

This card will perform to specification for any absolute pressure in the range of 13 psi to
16 psi.

9.4 RADIATION EXPOSURE LIMITATIONS

9.4.1 DOSE RATE

This card will perform to specification over its service life in a gamma field of
1x10E-5 rads /scc or less.

9.4.2 TOTAL. DOSE

This card will perform to specification over its service life for a total integrated
gsmma dose of 1x10E4 rads.

9.6 SEISMIC DISTURBANCE LIMITATIONS

The FCTR Card will be qualified bascd on upplicable areas described in IGEE 344-1975
(Applicable Standard 2.2 d). The APRM page environment will be established through
analysis, and it will be determincd that the addition of the new FCTR into the APRM page
will not significantly degrade existing system performance when subjected 1o seismic
events. Documentation will show that qualified tests and levels (or analysis) cover APRM
pape environment for this application.

Attachment 7.6
VYC-0693A Rev.2
Page 20 of 23 '
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10. SAFETY PRECAUTIONS

10.1 PERSONNEL SAFETY

ELECTRICAL,
No voltage greater than 28 volts 1 tolerance (fot Status/INOP oomact) is present on

this card. This crrd may be removed under power without danger.

MECHANICAL

No moving parts will cause personal danger.

THERMAL

None; no high temperatures are present on this card.

RADIOLOGICAL

None; no radioactive materials are incorporated inlo ﬂus card.

CHEMICAIL

Nonc; no corrosive or toxic substances are incorporated into this card.

11.TE EQUIREMENTS

11.1 AUTOMATIC SELF-TEST

An automatic self-test feature will be used on this card. This feature will automatically
| test at least once per minute, If an error occurs an INOP will be initiated.

A known intcrnal reference is used, with its outputs, Scram & Atarm References,
internally checked against the expected outputs to verify correct system operation.

The voliages; power, logic & reference are monitored to verify they are within
tolcrance.

The CPU monitors power failures ta ensure fail-safe operation.

Watch dag supervisory circuit is used to ensure correct software operation, cycle
timing and logic power failure,

Attachment 7.6

VYC-0693A Rev.2
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11.1 AUTOMATIC SELF-TEST (con't)

e Voltages from the DAC are fedback through the ADC to ensure correct hardware
conversion operation.

l o Selitest diagnostic testing ensures correct DAC operation and sets its output to “0”
if the signal is not updated (frozen).

11.2 MANUAL SURVEILLANCE / CALIBRATION

inputting an existing externally known simuluted recirc drive flow signal to verify correct

Manual surveillance will be required at least every 36 months. This will consist of
systcm operation.

‘ Test points are provided for measuring the power voltages (+5 VDC, 415 VDC &
-15 VDC) and the system clock (16 MHz). ,

Attachment 7.6
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FCTR Accuracy & Drift

The 148C6411 Digital FCTR card (schematic 105E1374) has an analog front-end consisting of an
analog mux (233A3701 based on the ADG516A), quad op amp (233A3709 based on the AD713),
" and 10-bit AJD (2-bit precision within the 233A3692P001 micracontrolier based on the 80C517A).
The major contributor to accuracy over the calibrated range of Drive Flow (0 to 10V) is the
resolution of the microcontroller's A/D. This provides 844 counts or + 0.47% resolution with the 2-
bit precision. The analog mux, input op amps, and precision feedback resistors provide + 0.12%
accuracy. This yields (SRSS) an accuracy of + 0.5% (all analog front-end components). The
Digital FCTR performs all other operations digitally and therefore has no accuracy errors after the
AJD and D/A conversions. The analog outpuls of the FCTR are calibrated during the system-level
calibration which includes the Quad Trip card and other components of the flow loop. In addition,
the accuracy error introduced from the output 12-bit D/A converters is negligible when compared
with other FCTR components. Therefore, the Digital FCTR card provides an accuracy of + 0.5%.

The temperature drift effects are not shown above because the FCTR application provides stable

temperature operation. However, the combined effects of accuracy and temperature drift (over
the rated 0-70°C range of operation) are better than + 1%.

Steve Sawyer Leonid Sheikman

GE Electronics & Technology GE E%;j’hnology
- 7
" ;!a-’(y 5‘“1’\_ X

11/2412003 / 1112412003




Attachment 7.7 Vermont Yankee Setpoint Control Program

Interdepartmental Review of Calculation VYC-0693A _Revision 2

VERMONT YANKEE SETPOINT CONTROL PROGRAM

INTERDEPARTMENTAL REVIEW OF CALCULATION:

VYC-693A Revision 2 has been prepared and independently reviewed. The Departments impacted by
this calculation are requested to review the results of this calculation, concur with the results and/or
recommendations, and document the department’s acceptance prior to the calculation being approved.

1. Summary: This calculation evaluates the uncertainty & setpoint for the APRM/RBM Neutron
Monitoring Trip Loops.
2. Calculation Open Items: AP-0028 to be Assigned
2.1, None NA
3. Department Review - contact the Setpoint Program Manager (Joe Garozzo) if not in agreement with
the conclusions/statements.
3.1. Vermont Yankee 1&C

3.1.a. Procedure _ OP-4308 will require the following:

1. Add the following in the procedure discussion:

Allowable Values:
IAllowable Values
{Output Instrument % RxP mV Curve % RxP
APRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
IAPRM High Flux Scram (Two Loop Ops)
[Core Flow 0 to < 31.1 % (point based on 25% flow) 71.4 5.6880 <0.4W+61.10%
ICore Flow 31.1 to <54.0 % (point based on 50 % flow) 97.31 7.7848 <1.28W+33.31%
ore Flow 54.0 to <75 % (point based on 70% flow) 113.48 0.0784 < 0.66W+67.28%
Core Flow > 75% 116.96 9.3568 N/A
IAPRM High Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) 68.09 54472 < 0.4W+58.09%
[Core Flow 39.1 to <61.9 % (point based on 50% flow) 87.56 7.0048 < 1.28W+23.56%
[Core Flow 61.9 to <83.0 % (point based on 70% flow) 108.3 8.6640 <0.66W+62.10%
Core Flow > 83.0% 116.96 9.3568 N/A
EPU Flow Biased
[APRM Migh Flux Scram (T'wo Loop Ops)
[Core Flow 0 to <30.9 % (point based on 25% flow) 58.7 4.6960 <0.33W+50.45%
[Core Flow 30.9 to <66.7 % (point based on 50% flow) 80.73 6.4584 <1.07TW+27.23%
ore Flow 66.7 to <99.0 % (point based on 75% flow) 103.59 8.2872 <0.55W+62.34%
Core Flow > 99.0% 116.96 9.3568 N/A
APRM High Flux Scram (Single Loop Ops)

. {Core Flow 0 to <39.1 % (point based on 25% flow) 56.25 4.5000 <0.33W+48.00%
iCore Flow 39.1 to <61.7 % (point based on 50% flow) 72.51 5.8008 <1.07W+19.01%
[Core Flow 61.7 to <119.4 % (point based on 75% flow) 92.47 7.3976 <0.55W+51.22%
“Core Flow> 119.4% 116.96 9.3568[N/A

Page | of 1O




Attachment 7.7 Vermont Yankee Setpoint Control Program

Interdepartmental Review of Calculation VYC-0693A_Revision 2

2.

a.

As-Left and As-Found values:
Calibration Points, As-Left and As-Found
‘Output Instrument Setting [As-Left |As-Left [VYDC C
Vdc Min Max As-Found |As-Found
Min [Max
WPRM A, B, C, D, E, F Scram Trips
ARTS/MELLLA Flow Biased
A PRM High Flux Scram (Two Loop Ops)
ore Flow 0 to <31.1 % (point based on 25% flow) 55880 5.538] 5.638 5.488 5.68
ore Flow 31.1 to <54.0 % (point based on 50 % flow) | 7.6848 7.635! 7.735 7.585 7.@
ore Flow 54.0 to <75 % (point based on 70% flow) 8.9784] 8.928| 9.028 8.878 9.07
Core Flow>75% 9.2568[ 9.207] 9.307 9.157 9.35
IAPRM High Flux Scram (Single Loop Ops)
{Core Flow 0 to <39.1 % (point based on 25% flow) 5.3472| 5.297] 5.397 5.247 5.447
[Core Flow 39.1 to <61.9 % (point based on 50% flow) | 6.0048| 6.855| 6.955| 6.805|  7.00
ore Flow 61.9 to <83.0 % (point based on 70% flow) | 8.5640] 8.514] 8614 8464 8.664]
Core Flow > 83.0% 0.2568, 9.207] 9.307| 9.157| 9.357
EPU Flow Biased
APRM High Flux Scram (Two Loop Ops)
pw 0 to <30.9 % (point based on 25% flow) 45060| 4.546] 4.646] 4.496|  4.696]
{Core Flow 30.9 to <66.7 % (point based on 50% flow) 6.35841 6.308] 6.408 6.258 6.458]
[Core Flow 66.7 to <99.0 % (point based on 75% ﬂow) 8.1872| 8.137] 8.237] 8.087]  8.287]
Core Flow > 99.0% 9.2568, 9.207] 9.307 9.157 9.357
IAPRM High Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) 4.4000] 4.350 4.450] 4.300] 4.50
iCore Flow 39.1 to <61.7 % (point based on 50% flow) | 5.7008] 5.651] 5.751] 5601  5.801
fCore Flow 61.7 to <119.4 % (point based on 75% flow) | 7.2976] 7.248] 7.348] 7.198] 7.39
HCore Flow>119.4% 0.2568 9.207| 9.307 9.157 9.357]

Note: Adjustment of the As Left Calibration Tolerance in the conservative direction is acceptable

C.

d.

Revise Head to reflect: NA

Insert the following M&TE requirements:

DMM’s with total device error of better than +0.05% CS (10 VDC Range)
HP 3466A or the HP 34401A are acceptable devices to support this accuracy

Requirements. VYC-1758

In the body of the procedure and the data sheet revise as follows:
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Attachment 7.7 Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC-0693A_Revision 2

b. Trip Setpoint:

Limiting Setpoints and Calibration Cardinal Points

[[Output Instrument % RxP mV Curve % RxP

APRM A, B, C, D, E, F Scram Trips

ARTS/MELLLA Flow Biased

APRM High Flux Scram (Two Loop Ops)

Core Flow 0 to < 31.1 % (point based on 25% flow) 69.85 5.5880|< 0.4W+59.85%
[Core Flow 31.1 to <54.0 % (point based on 50 % flow) 06.060 7.6848|< 1.28W+32.06%
[Core Flow 54.0 to <75 % (point based on 70% flow) 112.23  8.9784/< 0.66W+66.03%

Core Flow > 75% 11571} 9.2568N/A

APRM High Flux Scram (Single Loop Ops)
jCore Flow 0 to <39.1 % (point based on 25% flow) 66.84 5.3472/< 0.4W+56.84%
nCore Flow 39.1 to <61.9 % (point based on 50% flow) 86.31] 6.9048/< 1.28W+22.31%
[Core Flow 61.9 to <83.0 % (point based on 70% flow) 107.05 8.5640/< 0.66W+60.85%

Core Flow > 83.0% 115.71] 9.2568N/A
EPU Flow Biased

APRM High Flux Scram (Two Loop Ops)

Core Flow 0 to <30.9 % (point based on 25% flow) 57.45 4.5960/< 0.33W+49.20%
[Core Flow 30.9 to <66.7 % (point based on 50% flow) 79.48] 6.3584[< 1.07W+25.98%

ore Flow 66.7 to <99.0 % (point based on 75% flow) 102.34 8.1872[<0.55W+61.09%
Core Flow > 99.0% 115.71] 9.2568IN/A.
APRM High Flux Scram (Single Loop Ops)
ore Flow 0 to <39.1 % (point based on 25% flow) 55  4.4000/<0.33W+46.75%
{Core Flow 39.1 to <61.7 % (point based on 50% flow) 71.26] 5.7008K 1.07TW+17.76%
[Core Flow 61.7 to <119.4 % (point based on 75% flow) 91.22] 7.2976/<0.55W+49.97%
ICore Flow>119.4% 115711 9.2568N/A

c. Revise calibration data to reflect head correction of: NA

d. Insert a 9-point calibration for all analog instruments: N4 for Neutron Monitoring

3.1.b. The following comments/recommendations apply:

1. Change Setpoints as identified above,

mcﬁr_/

Sign & Date /ZLK/ /L/L/t’j 7%

Vermont Yankee 1&C Representative

k Eyﬂb?L pﬂ-?lﬂ 'fol;)f.‘ ,m;)/éc aIJ/u.ﬂch,
F:‘M/ 7lo /c.m-yta. /“ﬂ)’ re v;rc rccv4—/1ﬂ74¢;n /:0//9/76,
Aﬂscﬂ/ on 7[1-:—/&/ /ar"["'/mﬂ/‘“.
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Attachment 7.7 Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC-0693A_Revision 2

VERMONT YANKEE SETPOINT CONTROL PROGRAM
INTERDEPARTMENTAL REVIEW OF CALCULATION:

VYC- 693A__Revision _ 2_has been prepared and independently reviewed. The Departments impacted by
this calculation are requested to review the results of this calculation, concur with the results and/or
recommendations, and document the department’s acceptance prior to the calculation being approved.

1. Summary: This calculation evalvates the uncertainty & setpoint for the APRM/RBM Neutron

Monitoring Trip Loops.
2. Calculation Open Items:
2.1. None

AP-0028 to be Assigned
NA

3. Department Review - contact the Setpoint Program Manager (Joe Garozzo) if not in agreement with

the conclusions/statements.

3.2. Yermont Yankee Reactor Engineering

Concur
3.2.a. None U \/fg\ F!) Scl;?_
\-

1. Improved Technical Specifications veloe @ AR
Analytical Limits 391w < 6F
APRM High Flux Scram (Two Loop Ops) o
Core Flow 0 to <31.1% <04W+644% (4\,o7u>+ 222 7%
Core Flow 31.1 to < 54.0 % <1.28W+37.0% JLIPYIETS)
Core Flow 54.0 to <75 % <0.66W+70.5%
Core Flow > 75% Maximum of 120% @ 2e. Z% PRIl Pe-25
APRM High Flux Soram (Siagle Loop Ops) ® Corvect CT P Lk (19
Core Flow 0 to <39.1 % <0.4W+61.2% To W\t % LPs? Trom
Core Flow 39.1 to < 61.9 % < 1.28W+26.8% -
Core Flow 61.9 to < 83.0 % <0.66W+652% 207 To L=
Core Flow >83% Maximum of 120% O wonainy RAVISAD
APRM High Flux Scram (Two Loop Ops) l
Core Fiow 0.0 23005 <033W+53.7% Ty ¢ 7’/ 1[5
Core Flow 30.9 to < 66.7 % < 1.07W+30.8%
Core Flow 66.7t10 <99 % <0.55W+65.5%
Core Flow > 99% Maximum of 120%
APRM High Flux Scram (Single Loop Ops)
Core Flow 0 t0 <39.1 % <0.33W+51.1%
Core Flow 39.1 to < 61.7 % < 1.07W+22.2% T
Core Flow 61.7t0<119.4 % <0.55W+54.3%
Core Flow>119.4 Maximum of 120%

Sign & Date Bl V1 ke KZJ-’&'” . /12-1-03

Vermont Yankee RE Representative
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Attachment 7.7 Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC-0693A_Revision 2

VERMONT YANKEE SETPOINT CONTROL PROGRAM
INTERDEPARTMENTAL REVIEW OF CALCULATION:

VYC- 693A Revision 2 has been prepared and independently reviewed. The Departments impacted by
this calculation are requested to review the results of this calculation, concur with the results and/or
recommendations, and document the department’s acceptance prior to the calculation being approved.

1. Summary: This calculation evaluates the uncertainty & setpoint for the APRM/RBM Neutron
Monitoring Trip Loops.

2. Calculation Open Items: ’ AP-0028 to be Assigned

2.1. None ' NA

3. Department Review - contact the Setpoint Program Manager (Joe Garozzo) if not in agreement with
the conclusions/statements.

3.3. Vermont Yankee Operations
Concur

3.3.a. Recalibrate APRMs, LPRMs gtc after seismic event ﬂ
Sign & Date ‘é” Y, ,Q (22&,,1:, % 1 13/0:] 2222
Vermont ¥ ankee Operations Representative
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Attachment 7.7 Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VYC-0693A_Revision 2

VERMONT YANKEE SETPOINT CONTROL PROGRAM
INTERDEPARTMENTAL REVIEW OF CALCULATION:

VYC- 693A Revision 2 has been prepared and independently reviewed. The Departments impacted by
this calculation are requested to review the results of this calculation, concur with the results and/or
recommendations, and document the department’s acceptance prior to the calculation being approved.

1. Summary: This calculation evaluates the uncertainty & setpoint for the APRM/RBM Neutron
Monitoring Trip Loops.

2. Calculation Open Items: AP-0028 to be Assigned

2.1. None NA

3. Department Review - contact the Setpoint Program Manager (Joe Garozzo) if not in agreement with
the conclusions/statements.

3.4. Vermont Yankee Systems Manager
Concur Comments

34.a. This analysis supports the design bases for the U
APRM/RBM Neutron Monitoring Trip System

Sign & Date _> &% / Z-1-200%
Vermdnt Yankee System Engineering Representative
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Attachment 7.7 Vermont Yankee Setpoint Control Program
Interdepartmental Review of Calculation VY'C-0693A_Revision 2

Comments:

None

—
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Calculation Number: VYC-693A  Revision Number: 2 CCN Number:N/A Attachment 7.8 PAGA 8 oF 1

DOCUMENTATION OF COMPUTER RESOURCE USE :l’(/’ i / 63
CALCULATIONNO,:___VYC-0693A REVISION NO.: 2 CCN No.:__N/A

Computer Used (include manufacturer, CPU Type, and operating system version and level):
Dell Dimension 8200 Pentium 4 2.4 MHz; Windows XP Professional version 5.1 service pack 1 Microsoft
Excel version 2002 Service Pack 2._

Computer Input Attached*? []Yes [XINo

Location/Identifier:

Computer Output Attached*? [ ] Yes No

Location/Identifier:

* Large volume input/output should be provided on CD. See Appendix E for format requirements.

List the computer codes used, and complete the following:

Approved per | Appropriateness | Outstanding SPRs

PP 7800 Verified or Code Errors'
Code Name/Version and/or Script File Yes® No Yes No Yes? No
Calculation Detail and Charts v v v

(Attachments Bl through B4)
Microsoft Excel Version 2002 SR 2

! Software Problem Report (SPR), does not exist as a reporting method in PP 7800 and AP 6030. Contact the
Code sponsor and review any outstanding SPRs or Code errors. [ER2000805]

2 If yes, fill out information below.

3 If yes, include the Code name on the Computer Code line of the title page, VYAPF 0017.01.

If a computer code was not verified in accordance with PP 7800 and AP 6030, or if there are outstanding SPRs,
state below why it is appropriate.

Code Name/Script File Appropriateness

Calculation Detail and Charts (Attachments |Appropriateness was verified
Bl through B4) Microsoft Excel Version through hand calculation
2002 SR 2
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4. Calibration tolerances for Fixed Hi Scram and Reduced Fixed 4. Corrected Cal Tolerances, based on OP-4308 and OP-43108.
Scram are different than for Flow Bias. Please revise, based on.
procedure,
5._Add input tables for Flow Values to Word Document. 5. Added Tables 8 and 9.
I A o R W A s I 2 v, /_09/21/03_
Reviewer Signature Date Calculation Preparer (Comments Resolved) Date
Method of Review: Calculation/Analysis Review
O Alternative Calculation AohG £ AL /__09/21/03__
O Qualification Testing Reviewer Signature (Comments Resolved) Date

*Comments shall be specific, not general. Do not list questions or suggestions unless suggesting wording to ensure the correct interpretation of issues.
Questions should be asked of the preparer directly.

VYAPF 0017.04 (Sample)
AP 0017 Rev. 8, LPC 2
Page 1 of 1



Calculation Number: VYC-693A

7

Revision Number: 2 CCN Number: N/A Attachment 775

TG
'Z‘/’/°5 Page_j&of__/ig

VY CALCULATION REVIEW FORM

Calculation Number; VYC-693A
Title: _ APRM/RBM Neutron Monitoring Trip Loops

Revision Number: 2

CCN Number: N/A

Reviewer Assigned:__ Kirk Melson

Required Date:

M INTERDISCIPLINE REVIEW L] INDEPENDENT REVIEW

COMMENTS*
6. Correct Flow Break Points for ARTS/MELLLA Single Loop Ops

RESOLUTION
6. Corrected.

in Table 3 of Word document.
7. Change AL from 13.5 to 15 in spreadsheets.
8. Correct cross references in Cells A25, A26, and E16 to reflect

9. LPRM drift term is extrapolated from 700 hours to 1250 hours,
which is no longer necessary. Please remove the extrapolation.

10. Remove APRM Avg Circuit and LPRM items from testing error.
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DISCUSSION OF CHANGES TO REVISED TECHNICAL SPECIFICATIONS

TS 2.1.A.1.a (current page 6)

The heading of this section is changed from “APRM Flux Scram Trip Setting (Run Mode)” to
“APRM Flux Scram Allowable Value (Run Mode).”

The Standard Technical Specifications nomenclature of “Allowable Value” is adopted for this trip
function of the reactor protection system. This change is made to clarify that the specification is
an Allowable Value that corresponds to the limiting value that the instrument may have for
operability. This change is made to draw a distinction from other TS that may specify trip
settings that differ from the definition of an Allowable Value. This change is acceptable because
it represents the appropriate operability limitation for the parameter (Neutron Flux Trip Settings).

TS 2.1.A.1.a (current page 6)

The specification for this limiting safety system setting is changed from “When the mode switch
is in the RUN position, the APRM flux scram trip setting shall be as shown on Figure 2.1.1 and
shall be: S<0.66(W-AW)+54%” to “When the mode switch is in the RUN position, the APRM
flux scram Allowable Value shall be:

Two loop operation:
S$< 04W + 61.10% for 0% <W< 31.1%
S< 128W + 3331% for 31.1% <W< 54.0%
S< 066W + 67.28% for 54.0% <W< 75.0%
with a maximum of 117.0% power for W > 75.0%

Single loop operation:
S< 04W + 5809% for 0% <Wx< 39.1%
S< 128W + 2356% for 39.1% <W<x< 61.9%
S< 066W + 62.10% for 61.9% <W< 83.0%
with a maximum of 117.0% power for W > 83.0%”

The change in the neutron flux trip setting algorithm is supported by the ARTS/MELLLA
analysis provided as part of Proposed Change No. 257. The deletion of reference to TS Figure
2.1.1 is discussed below.

TS Figure 2.1.1 (current page 11)

TS Figure 2.1.1 does not provide any requirement not included in the stated algorithms for this
function. Because the figure is redundant, it can be eliminated from TS without any change in
technical requirements. In addition, elimination of this figure is consistent with Standard
Technical Specifications.
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TS Table 3.1.1 (current page 21)

Trip function no. 4, “APRM (APRM A-F) High Flux (flow bias),” is changed consistent with the
algorithm change described above for TS 2.1.A.l.a. The algorithm specified in the “Trip
Settings” column is changed to the Allowable Value algorithms resulting from the adoption of
ARTS/MELLLA. In addition, Footnote (4) to Table 3.1.1 is changed to add a clarifying
statement: “The specified APRM High Flux scram (flow bias) Trip Setting is an Allowable
Value, which is the limiting value that the trip setpoint may have when tested periodically. The
actual scram trip setting is conservatively set in relation to the Allowable Value.” The change is
made to emphasize that the specification is an Allowable Value that corresponds to the limiting
value trip setpoint that the instrument have for operability. This change is made to draw a
distinction from other TS that may specify trip settings that differ from the definition of an
Allowable Value.

In addition, Footnote (4) is also modified to eliminate the statement: “AW is the difference
between the two loop and single loop drive flow at the same core flow. This difference must be
accounted for during single loop operation. AW = 0 for two recirculation loop operation.” This
statement can be eliminated because separate algorithm specifications are now provided for two
loop and single recirculation loop operation, and the term “AW?” has been eliminated from TS.

Bases Changes

The TS Bases provide explanation and rationale for associated TS requirements, and in some
cases, how they are to be implemented. Associated changes to the TS Bases are being made to
conform to the changed TS and to add clarity to existing requirements. Bases do not establish
actual requirements, and as such do not change technical requirements of the TS. The Bases
changes are therefore acceptable, since they administratively document the reasons and provide
additional understanding for the associated TS requirements.
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VYNPS

1.1 SAFETY LIMIT

1,1 FUEL CLADDING INTEGRITY

Applicability:

Applies to the interrelated variable
associated with fuel thermal
behavior.

Objective:

To establish limits below which the
integrity of the fuel cladding is
preserved.

Specification:

A. Bundle Safety Limit (Reactor
Pressure >800 psia and Core Flow
>10% of Rated)

When the reactor pressure is
>800 psia and the core flow is
greater than 10% of rated:

I 1. A Minimum Critical Power
Ratio (MCPR) of less than
I 1.10 (1.12 for Single Loop
Operation) shall constitute
violation of the Fuel

Cladding Integrity Safety
I Limit (FCISL). ”/”’,,/’
@owa ble VaD’

Canserras 5~

LIMITING SAFETY SYSTEM SETTING

Amendment. No. 38, 4%, &4, 98, 84, 168, 158, 59,

FUEL CLADDING INTEGRITY

Applicability:

Applies to trip setting of the
instruments and devices which are
provided to prevent the nuclear
system safety limits from being
exceeded.

Objective:

To define the level of the process
variable at which automatic
protective action is initiated.

Specification:

A. Trip Settings

The limiting safety system trip
settings shall be as specified
below:

1. Neutron Flux Trip Settings

APRM Flux 8cram@
Setima=)(Run Mode)

When the mode switch is
in the RUN position, the

a.

= setting in
percent of
rated thermal
power
(1593 Mwt)

percent rated
two loop drive
flow where 100%
rated drive
flow is that
flow equivalent
to 48 x 10°
lbs/hr core
flow

176 6
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FIGNRE 2.1-1

APRM FLOW REFERENSE SCRAM SETTING

120

110

100

20

39

10‘

60

1.
A

NEUTRON FLUX (% RATED)

APRM FloBiased Scram *

40

rd

Setpoints shall be < valyes shown

on the graph.

10

60 80 100 \ 120

RECIRCULATION FLOW (% RATED)

For single loop operation,
the APRM Scram setting Is
adjusted according to
Technical Specification 2.1.A.1.a

This page has intentionally been deleted.

Amendment No. 48, 54, 383, 211
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Allowable Va@
A. Trip Settings

The bases for individual trip settings are/discussed in the following
paragraphs.

BASES:

2.1 FUEL_CLADDING INTEGRITY

1. Neutron Flux Trip Settings
APRM Flux Scram

The average power range monitoring (APRM) system, which is
calibrated using heat balance data taken during steady state
conditions, reads in percent of rated thermal power

(1593 MWt). Because fission chambers provide the basic
input signals, the APRM system responds directly to average
neutron flux. During transients, the instantaneous rate of
heat transfer from the fuel (reactor thermal power) is less
than the instantaneous neutron flux due to the time constant
of the fuel. Therefore, during abnormal operational

A sxents, the thermal power of the fuel will be less than
that dicated by the nautron flux at the scram setting.
Analyses arg~performed to demonstrate that the APRM flux
scram over the ramgaywf settings from a maximum of 120% to
the minimum flow biastqeetpoint—of—ot¥) provide protection
from the fuel safety limi ormal operational
transients including those that may result in a thermal
hydraulic instability.

An increase in the APRM scram trip setting would decrease
the margin present before the fuel cladding integrity Safety
Limit is reached. The APRM scram trip setting was
determined by an analysis of margins required to provide a
reasonable range for maneuvering during operation. Reducing
this operating margin would increase the frequency of
spurious scrams which have an adverse effect on reactor

safety because of the resulting thermal stresses. Thus, the
@SERT #2> APRM scram trip setting was-selected because it provides
adequate margin for the fuel cladding integrity Safety Limit
yet allows operating margin that reduces the possibility of
—\ unnecessary scrams.* .

( —_— tode )

recirculation loop operatzon, the APRM flux scram trip
setting is reduced in accordance with the analysis presented
in NEDO-30060, February 1983. This adjustment accounts for
. the difference between the single loop and two loop drive
flow at the same core flow, and ensures that the margin of

safety is not reduced during single loop operation.

Analyses of the limiting transients show that no scram
adjustment is requxred to assure fuel cladding integrity
when the transient is initiated from the operating limit

MCPR defined in the Core Operating Limits Report. — )
<INSERT #D

Amendment No. 18, 25, 35, 4%, €%, 54, %%6,146 . 14
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TABLE 3.1.1

REACTOR PROTECTION SYSTEM (SCRAM) INSTRUMENT REQUIREMENTS

. Required
Modes in Which Functions Must ACTIONS When
be Operating Minimum Number Minimum
Operating Conditions For
Instrument Operation
Channels Per Are Not
Trip Function Trip Settings Refuel (1) Startup (12) Run Trip System (2) Satisfied (3)
1. Mode Switch in X X X 1 A
Shutdown (5A-51)
2. Manual Scram X X X 1 A
(SA-S3A/B)
3. IRM (7-41(A-F))
High Flux <120/125 X X 2 A
INOP X X 2 A
4. APRM (APRM A-F)
High Flux <0.66 AW-AW) s54% <INSERT #5> X 2 AorB
(flow bias) with”a maxifium ‘
0§ 120% )
High Flux (reduced) .i5% X X 2 A
INOP - X X 2(5) A or B
5. High Reactor <1055 psig X X X 2 A
Pressure
(PT-2-3-55(A-D) (M))
5. High Drywell <2.5 psig X X X 2 A
Pressure
{PT-5-12 (A-D) (M))
7. Reactor Low (6) >127.0 inches X X X 2 A
Water Level
(LT-2-3-57A/B(M))
(LT-2-3-58A/B(M))
8. Scram Discharge <21 gallons X X X 2 A

Volume High Level {per volume)
(LT-3-231(A-H) (M)) '

Amendment No. 2%, 44, &4, &8, ¥6, 38, 39, 98, 94, 64, 186, 187
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TABLE 3.1.1 NOTES (Cont‘d)

3. When the requirements in the column "Minimum Number of Operating Instrument
Channels Per Trip System" cannot be met for one system, that system shall be
tripped. If the requirements cannot be met for both trip systems, the
appropriate ACTIONS listed below shall be taken:

. -iate insertion of operable rods and complete insertion of all
able rods within four hours.
T.wauce power level to IRM range and place mode switch in the "Startup/Hot
Standby" position within eight hours.
¢) Reduce turbine load and close main steam line isolation valves within 8
hours.
d) Reduce reactor power to less than 30% of rated within 8 hours.

<INSERT #6>

¢. "W is percent rated two loop drive flow where 100% rated drive flow is that

5. To be considered operable an APRM must have at least 2 LPRM inputs per level
and at least a total of 13 LPRM inputs, except that channels A, C, D, and F
may lose all LPRM inputs from the companion APRM Cabinet plus one’ additional
LPRM input and still be considered operable.

6. The top of the enriched fuel has been designated as 0 inches and provides
common reference level for all vessel water level instrumentation.

7. Deleted.

8. Deleted.

9. Channel signals for the turbine control valve fast closure trip shall be
derived from the same event or events which cause the control valve fast
closure.

10. Turbine stop valve closure and turbine control valve fast closure scram
signals may be bypassed at <30% of reactor Rated Thermal Power.

11. Not used.

12. While performing refuel interlock checks which require the mode switch to be
in Startup, the reduced APRM high flux scram need not be operable provided:

a. The following trip functions are operable:

Mode switch in shutdown,

Manual scram,

High flux IRM scram

High flux SRM scram in noncoincidence,

Scram discharge volume high water level, and;

UVt W N R

b. No more than two {2) control rods withdrawn. The two (2) control rods
that can be withdrawn cannot be face adjacent or diagonally adjacent.

Amendment No. 4, 2%, 28, &4, €8, 78, 58, 94, I64, IF3, 86, I56, 212 24



INSERT #1

Two loop operation:
S< 04W + 61.10% for 0% <W< 31.1%
S< 128W + 3331% for 31.1% <W< 54.0%
S< 066W + 6728% for 54.0% <W< 750%
with a maximum of 117.0% power for W > 75.0%

Single loop operation:
S< 04W + 58.09% for 0% <W< 39.1%

S< 128W + 2356% for 39.1% <W< 61.9%
S< 0.66W + 6210% for 61.9% <W< 83.0%
with a maximum of 117.0% power for W > 83.0%

INSERT #2

The relationship between recirculation drive flow and reactor core flow is non-linear at low core
flows. Due to stability concerns, separate APRM flow biased scram trip setting equations are

provided for low core flows.

INSERT #3

The APRM flow biased flux scram Allowable Value is the limiting value that the trip setpoint
may have when tested periodically, beyond which appropriate action shall be taken. For Vermont
Yankee, the periodic testing is defined as the calibration. The actual scram trip is conservatively

set in relation to the Allowable Value to ensure operability between periodic testing.

INSERT #4
The single loop operation equations are based on a bounding (maximum) difference between two
loop and single loop drive flow at the same core flow of 8%.



INSERT #5

Two loop operation: (4)
S< 04W + 61.10% for 0% <W=< 31.1%
S< 128W + 3331% for 3L1% <W< 54.0%
S< 0.66W + 67.28% for 54.0% <W< 75.0%
with a maximum of 117.0% power for W > 75.0%

Single loop operation: (4)
S< 04W + 5809% for 0% <Wx< 39.1%
S< 128W + 2356% for 39.1% <W< 61.9%
S< 066W + 6210% for 61.9% <W< 83.0%
with a maximum of 117.0% power for W > 83.0%

INSERT #6

The specified APRM High Flux scram (flow bias) Trip Setting is an Allowable Value, which is
the limiting value that the trip setpoint may have when tested periodically. The actual scram trip
setting is conservatively set in relation to the Allowable Value.
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1.1 SAFETY LIMIT 2.1 LIMITING SAFETY SYSTEM SETTING

1.1 FUEL CLADDING INTEGRITY FUEL CLADDING INTEGRITY

Applicability:

Applies to the interrelated
variable associated with fuel’
thermal behavior.

Objective:

To establish limits below which
the integrity of the fuel
cladding is preserved.

Specification:

A. Bundle Safety Limit (Reactor
Pressure >800 psia and Core
Flow >10% of Rated)

When the reactor pressure is
>800 psia and the core flow is
greater than 10% of rated:

1. A Minimum Critical Power
Ratio (MCPR) of less than
1.10 (1.12 for Single Loop
Operation) shall constitute
violation of the Fuel
Cladding Integrity Safety
Limit (FCISL).

Amendment No. 8, 4%, 64, 86, 54, I68, 156, I58, 176

Applicability:

Applies to trip setting of the
instruments and devices which are
provided to prevent the nuclear
system safety limits from being
exceeded.

Objective:

To define the level of the process
variable at which automatic
protective action is initiated.

Specification:

A. Trip Settings

The limiting safety system
trip settings shall be as
specified below:

1. Neutron Flux Trip Settings

a. APRM Flux Scram
Allowable Value
(Run Mode)

When the mode switch
is in the RUN
position, the APRM
flux scram Allowable
Value shall be:

Two loop operation:
SS 0.4W+ 61.10% for 0% <« W £ 31.1%
SS 1.28W+ 33.31% for 31.1% < W < 54.0%

SS 0.66W+ 67.28% for 54.0% < W < 75.0%
With a maximum of 117.0% power for W >
75.0% -

Single loop operation:
S< 0.4W+ 58.09% for 0% < W £
SS 1.28W+ 23.56% for 39.1% < W < 61.9%

SS 0.66W+ 62.10% for 61.9% < W < 83.0%
With a maximum of 117.0% power for W >
83.0%

39.1%

where:

S = setting in
percent of
rated thermal
power
(1593 MWt)




Amendment No. 196,

VYNPS

This page has intentionally been deleted.

94, I8F, 23F
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BASES:

2.1 FUEL CLADDING INTEGRITY

A. Trip Settings

The bases for individual trip settings are discussed in the following
paragraphs.

1. Neutron Flux Trip Settings

a. APRM Flux Scram Allowable Value {(Run Mode)

The average power range monitoring (APRM) system, which is
calibrated using heat balance data taken during steady state
conditions, reads in percent of rated thermal power

(1593 MWt). Because fission chambers provide the basic
input signals, the APRM system responds directly to average
neutron flux. During transients, the instantaneous rate of
heat transfer from the fuel (reactor thermal power) is less
than the instantaneous neutron flux due to the time constant
of the fuel. Therefore, during abnormal operational
transients, the thermal power of the fuel will be less than
that indicated by the neutron flux at the scram setting.
Analyses are performed to demonstrate that the APRM flux
scram over the range of settings from a maximum of 120% to
the minimum flow biased setting provide protection from the
fuel safety limit for all abnormal operational transients
including those that may result in a thermal hydraulic
instability.

An increase in the APRM scram trip setting would decrease
the margin present before the fuel cladding integrity Safety
Limit is reached. The APRM scram trip setting was
determined by an analysis of margins required to provide a
reasonable range for maneuvering during operation. Reducing
this operating margin would increase the frequency of
spurious scrams which have an adverse effect on reactor
safety because of the resulting thermal stresses. Thus, the
APRM scram trip setting was selected because it provides
adequate margin for the fuel cladding integrity Safety Limit
yet allows operating margin that reduces the possibility of
unnecessary scrams. The relationship between recirculation
drive flow and reactor core flow is non-linear at low core
flows. Due to stability concerns, separate APRM flow biased
scram trip setting equations are provided for low core
flows.

The APRM flow biased flux scram Allowable Value is the
limiting value that the trip setpoint may have when tested
periodically, beyond which appropriate action shall be
taken. For Vermont Yankee, the periodic testing is defined
as the calibration. The actual scram trip is conservatively
set in relation to the Allowable Value to ensure operability
between periodic testing. For single recirculation loop
operation, the APRM flux scram trip setting is reduced in
accordance with the analysis presented in NEDO-30060,
February 1983. This adjustment accounts for the difference
between the single loop and two loop drive flow at the same
core flow, and ensures that the margin of safety is not
reduced during single loop operation. The single loop

Amendment No. 38, 25, 39, 4%, &%, 94, 116, 46
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BASéS: 2.1 (Cont 'd)

operation equations are based on a bounding (maximum)
difference between two loop and single loop drive flow at
the same core flow of 8%.

Analyses of the limiting transients show that no scram
adjustment is required to assure fuel cladding integrity
when the transient is initiated from the operating limit
MCPR defined in the Core Operating Limits Report.

Amendment No. 1l4a



Amendment No. 2%, 44, &4,

Trip Function

Mode Switch in
Shutdown (5A-S1)

Manual Scram
(5A-S3A/B)

IRM (7-41(A-F))
High Flux

INOP

APRM (APRM A-F)

High Flux
(flow bias)

High Flux
(reduced)

INOP

High Reactor
Pressure
(PT-2-3-55(A-D)
(M)

TABLE 3.1.1

VYNPS

REACTOR PROTECTION SYSTEM (SCRAM) INSTRUMENT REQUIREMENTS

Trip Settings

<120/125

Two loop operation: (4)

S< 0.4W+ 61.10% for 0% < W <31

SS 1.28W+ 33.31% for 31.1% < W S 54.
SS 0.66W+ 67.28% for 54.0% < W £ 75.

With a maximum of 117.0% power
for W > 75.0%

Single loop operation: (4)
SS 0.4W+ 58.09% for

With a maximum of 117.0% power
for W > 83.0%

<15%

<1055 psig

0% < W < 39.
SS 1.28W+ 23.56% for 39.1%¥ < W S 61.
SS 0.66W+ 62.10% for 61.9% < W < 83.

.1%

0%
0%

1%
9%
0%

68, 36, 78, 395, 86, 54, 64, 186, 187

Refuel (1)

Modes in Which

Startup(12)

X

Functions Must be Operating

Run

Minimum Number
Operating
Instrument

Channels Per

Trip System (2)

Required
ACTIONS When
Minimum
Conditions
For Operation
Are Not
Satisfied (3)

2(5)

A or B

A or B

21
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TABLE 3.1.1 NOTES {Cont’d)

3. When the requirements in the column "Minimum Number of Operating Instrument
Channels Per Trip System" cannot be met for one system, that system shall be
tripped. If the requirements cannot be met for both trip systems, the
appropriate ACTIONS listed below shall be taken:

a) Initiate insertion of operable rods and complete insertion of all
operable rods within four hours.

b) Reduce power level to IRM range and place mode switch in the "Startup/Hot
Standby" position within eight hours.

c) Reduce turbine load and close main steam line isolation valves within 8
hours.

d) Reduce reactor power to less than 30% of rated within 8 hours.

4. The specified APRM High Flux scram (flow bias) Trip Setting is an Allowable
Value, which is the limiting value that the trip setpoint may have when
tested periodically. The actual scram trip setting is conservatively set in
relation to the Allowable Value. "W" is percent rated two loop drive flow
where 100% rated drive flow is that flow equivalent to 48 x 10°% lbs/hr core
flow.

5. To be considered operable an APRM must have at least 2 LPRM inputs per level
and at least a total of 13 LPRM inputs, except that channels A, C, D, and F
may lose all LPRM inputs from the companion APRM Cabinet plus one additional
LPRM input and still be considered operable.

6. The top of the enriched fuel has been designated as 0 inches and provides
common reference level for all vessel water level instrumentation.

7. Deleted.

8. Deleted.

9. Channel signals- for the turbine control valve fast closure trip shall be
derived from the same event or events which cause the control valve fast
closure.

10. Turbine stop valve closure and turbine control valve fast closure scram
signals may be bypassed at <30% of reactor Rated Thermal Power.

11. Not used.

12. While performing refuel interlock checks which require the mode switch to be
in Startup, the reduced APRM high flux scram need not be operable provided:

a. The following trip functions are operable:

Mode switch in shutdown,

Manual scram,

High flux IRM scram

High flux SRM scram in noncoincidence, N
Scram discharge volume high water level, and;

.

.

bW

b. No more than two (2) control rods withdrawn. The two (2) control rods
that can be withdrawn cannot be face adjacent or diagonally adjacent.

Amendment No. 34, 2%, 22, &4, €8, I8, 958, 94, 364, 373, I86, 156, 212 24



