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1.0 PURPOSE/RESULTS

1.1. Purpose and Acceptance Criteria

The purpose of this calculation is to determine the error of the Calorimetric calculation
performed by ERCS. The error determination is based on the error of the four inputs to ERCS
along with the error that ERCS introduces during the analog to digital conversion of the input
signals. The four inputs to ERCS are:

SIGNAL SENSOR / ERCS POINT
FEEDWATER FLOW 2FE-466 2F2511A
FEEDWATER TEMP 2TE-498 2T0418A
STEAM GENERATOR 2PT-468 2P0400A
PRESSURE
BLOWDOWN FLOW 27191 2F0409A
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1.2. Results

This calculation documents the values used by Attachment A to this calculation. Refer to
Attachment A for the calorimetric uncertainty results
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2.0 METHODOLOGY

2.1.

The following equations are based on the "Two Loop Group Setpoint Methodology,"
Revision 0, prepared by TENERA, L.P. for Northern States Power Company, Wisconsin
Public Service Corporation, and Wisconsin Electric Power Company. This methodology
is based on ISA Standard $67.04-1987, Setpoints for Nuclear Safety-Related
Instrumentation Used in Nuclear Power Plants.

Calculation of Total Loop Error (TLE)

Total Loop Error (TLE) = The Square Root of the Sum of the Squares (SRSS) of the
Random terms =+ the sum of the Bias terms, or:

TLE,,, = SRSS + Bias positive terms

and
TLE,., = - SRSS - Bias negative terms

For normal conditions:

SRSS = (A +Dy+M + OPE, + SPEZ; + SPES; + P, + Tyr + Ryg + Hyg + READ
+PEA; 2+ PMA, 2+ PCyp 9)'?

Bias,,, = Dy, + OPE,, + SPEZ,, + SPESg, + Py, + Typ, + Ry, + Hyp, + PEAy,, +
PMAg, + PCyp,

Bias,, = Dy, + OPEy, + SPEZ,, + SPES;_ + Py + Typn + Ryg, + Hyg, + PEA g, +
PMAp, + PCyy,

For accident conditions:

SRSS = (A+Dg+M+ OPEg + SPEZ; + SPESy + Py + Tyg + Ry + Hyg + READ
+SPTy +PEA,; % PMA ,, % PC,, 9)'?
Bias = Dy, + OPEg, + SPEZ,, + SPESy, + Py, + Ty, + Ranep + Happ + PEA ., +

PMA g, + PCyy, + IRy, + SPTy,
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Bias_, = Dy, + OPEg, + SPEZ;, + SPES;, + Py, + Tape + Rangs + Hpp, + PEA 5 +
PMA g, + PC,g, + IRy, + SPTy, !

For loss of non-seismic HVAC due to a seismic event:

SRSS = (A+Dy+M + OPE; +SPEZR+SPES + Pg + Tysr + Ryg + Hygr + Sy +
READ + PEA; 2+ PMAy; 2+ PC:2)'?

Bias,, = Dy, + OPE;, + SPEZ,, + SPES,, + Py, + Thssp + Rugp + Hyspp + Sg, +
PEA\g, + PMA\g, + PCNBP

Bias,,, = Dy, + OPEg, + SPEZy, + SPESy, + Py, + Tygp, + Rypa + Hysga + Sp, +
PEA\g, + PMA g, + PCypa

For Post Accident conditions:

SRSS = (A + Dy +M + OPE, + SPEZ, + SPES; + Py + Ty + Ry + Hy + PDBE,
+ READ + PEA . 4+ PMA; 2+ PCNRZ)"2

Bias,,, = Dy, + OPEyg, + SPEZ;, + SPESy, + Py, + TNBP + Ryg, + HNBP + PDBE,, +
PEA g, + PMA g, + PCyp,

Bias,, = Dy, + OPEg, + SPEZ;, + SPES;, + Py, + Typ, + Ryp, + Hyg, + PDBE,, +
PEA g, + PMA g, + PCy;,

Where:

A = The sum of the squares of all of the random device accuracies (a).

D = The sum of the squares of all of the random device drift effects (d).

M = The sum of the squares ,of all of the random device M&TE effects (m).

OPE = The sum of the squares of all of the random device over pressure effects

(ope).
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SPEZ = The sum of the squares of all of the random device static pressure zero
effects (spez).

SPES = The sum of the squares of all of the random device static pressure span

effects (spes).

P = The sum of t‘he squares of all of the random device power supply effects
. (P)-

T = The sum of the squares of all of the random device temperature effects ®.
R = The sum of the squares of all of the random device radiation effects (0.

H = The sum of the squares of all of the random device humidity effects (h).

S = The sum of the squares of all of the random device seismic effects (s).
READ = The square of the indicator readability term (read).

PEA = The primary element accuracy.

PMA = The process measurement accuracy.

PC = The sum of all of the process considerations.

IR = The error introduced by insulation resistance.

PDBE = The sum of the squares of all of the random device post design basis event

effects (pdbe).

The subscripts are defined as follows:

A = For accident conditions only.
N = For normal conditions only.
AN = For cumulative accident and normal conditions.
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NS = For loss of non-seismic HVAC conditions only.
R = A Random term.
Bp = A Bias positive term.
Bn = A Bias Negative term.
Notes:
1. When a device's setting tolerance is greater than its accuracy, then the setting

2.2.

tolerance is used in place of that device's accuracy.
2. When accident conditions are being evaluated and a Steam Pressure/Temperature

(SPT) effect is given on the vendor screen, the SPT effect will automatically be
substituted for T, and H,.

3. During all conditions, when Plant Specific Drift is entered on the vendor screen,
accuracy, M&TE effect, normal temperature effect, normal radiation effect, and
normal humidity effect for that device default to zero since they are all considered

to be included in the Plant Specific Drift value. During the calculation, the option
to override the default for each effect is given.

Calculation of the Nominal Trip Setpoint (NTSP) for Safety Related Calculations

For an increasing process: ~ NTSP = AL - TLE,,,
For a decreasing process: NTSP = AL + TLE,,
Where:

AL=  Analytical Limit
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2.3.

24,

2.5.

2.6.

Calculation of the Nominal Trip Setpoint (NTSP) for Non-Safety Related Calculations

For an increasing process: NTSP = PL - TLE,,

For a decreasing process: NTSP =PL + TLE,,,
Where:

PL = Process Limit

Calculation of Allowable Value ( AV)

The term AV applies to safety related calculations only. Operational Limit (OL) is the
equivalent term for non-safety related calculations.

For an increasing process: AV =NTSP + LD + LD,

For a decreasing process: AV =NTSP-LD-LD,,
Where:

LD (Loop Drift) = (A + Dy + M + Ry)"?
LDy, = Dy, + Ry,
LDBn = DBn + RBn

Calculation of Operational Limit (OL)

The term OL applies to non-safety related calculations only.
For an increasing process: OL = NTSP + LD + LDy,

For a decreasing process: OL =NTSP-LD-LD,,
Where:

LD (Loop Drift) = (A + Dg + M + Ryg)'"
LDBIJ = DBp + RBp

LDy, = Dy, + Ry,

Calculation of Rack Allowance (RA)
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The term RA applies to safety related calculations only. There is no equivalent term for
non-safety related calculations.

For an increasing process: RA =NTSP +RD + RDg,

For a decreasing process: RA=NTSP-RD-RD,,

Where:

RD (Rack Drift) = (A + Dg + M + Ry)'?
RD;, = Dy, +Ry,
‘ RDBn = DBn + RBn

Note: ‘Rack Drift includes the effects from all loop devices except the sensor.
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3.0 ASSUMPTIONS

1.

This calculation documents the values used by Attachment A to this calculation.
Refer to Attachment A for the calorimetric uncertainty results.

Since the purpose of the calorimetric is to determine the plant's core thermal power,
only normal environmental conditions are considered for this calculation.

Insulation Resistance (IR) error is not considered for this calculation since the IR
error would be a result of a harsh environment and this calculation considers
normal environmental conditions only.

Per WCAP-12485, Bases Document for Westinghouse Setpoint Methodology for
Comanche Peak Protection Systems, for Feedwater flow venturies calibrated in
laboratory controlled conditions to an accuracy of +/- 0.25% of true value, an
additional allowance of +/- 0.25% is added to account for installation effects. Per
Westinghouse, this uncertainty of +/- 0.5% "is believed to be a 95/95 value and is
one of the most rigorously determined Westinghouse uncertainties.” It is assumed
that this value applies to the Prairie Island Feedwater flow venturi as well since the
WCAP refers to the same venturi supplier, same accuracy, and same calibration
laboratory that apply to the Prairie Island Feedwater flow venturi.

Per Section 11.4.1 of the USAR, the full load steam generating operating pressure
is 750 psia. This calculation, however, is based on typical values obtained through
ERCS. During full power, the 21 Steam Generator was typically shown by ERCS to
operate at 702 psig. Accounting for atmospheric pressure results in 716.7 psia.
Accounting for Westinghouse's pressure measurement bias for Unit 2 of 9.65 psi
(Reference 50) results in 726.35 psia. Attachment A to this calculation will,
therefore, use 726.35 psia as the Steam Generator pressure. Form 1:
Loop/Process Data Sheet will, therefore, use 711.65 psig (726.35 psia - 14.7 psi
atmospheric pressure) as the "Process Normal Op Pressure” and 730.85 psig
(711.65 + 19.2 psi maximum measurement error ["srssp” error in part 3 of
Attachment A]) as the "Process Max Op Pressure."

Per Section lil of the Secondary Calorimetry Instrumentation Uncertainties
calculation: the feedwater temperature at 100% power is assumed to be 427.3 °F,
the accuracy of the Feedwater RTDs is 0.739 °F, and the drift of the RTD is0.18 °F
per year.

The accuracy equates to:
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0.739°F

—~—————— X100 = 0.17293% Re ading Error at Full Power
427.3°F

Assuming the drift is cumulative over a twenty year life span consistent with the
referenced calculation, the drift equates to:

0.18 F)(ZOyrs)
yr

427.3°F

(

x100=0.84250% Reading error at full power

Combining accuracy and drift using the square root of the sum of the squares
method:

N0.172932+0.84250% = 0.86006% Reading error at full power

This value will be accounted for on the Process Considerations Screen

7. The calibration card for 2FT-495 shows that two different combinations of M&TE
devices have been used over the last three years to provide an input signal to the
transmitter during the calibration. Of these two combinations, the inaccuracy of the
Transmation Flexitester with a 0-830 inwc sensor is greatest and will, therefore, be
used in the calculation.

8. The calibration card for 23118 shows that three different combinations of M&TE
devices have been used over the last three years to provide an input signal to the
transmitter during the calibration. Of these three combinations, the inaccuracy of
the Transmation Flexitester with a 0-100 inwc sensor is greatest and will, therefore,
be used in the calculation.

9. The calibration card for 23118 shows that three different model Flukes have been
used over the last three years to measure the output of the transmitters during the
calibration. Of these three, the inaccuracy of the Fluke model 45 (assuming that
the Fluke is in the fast resolution mode) is greatest for the calibrated range of
interest and will, therefore, be used in the calculation.

10. The calibration cards for 2PT-468, 2FT-495 and 2TT-498 show that two different
model Flukes have been used over the last three years to measure the output of
the transmitters during the calibration. Of these two, the inaccuracy of the Fluke
model 45 (assuming that the Fluke is in the fast resolution mode) is greatest for the
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11.

12,

13.

14.

15.

calibrated range of interest and will, therefore, be used in the calculation.

The calibration card for 2PT-468 shows that two different model Heise pressure
indicators have been used over the last three years to measure the input to the
transmitters during calibration. Of these, the inaccuracy of the Heise model 710A is

greatest for the calibrated range of interest and will, therefore, be used in the
calculation.

The calibration card for 2PM-468B shows that four different model Fluke
multimeters have been used over the last three years to measure the input and
output of the instrument during calibration. Of these, the inaccuracy of the Fluke
model 45 (assuming that the Fluke is in the fast resolution mode) is greater for the
calibrated range of interest and will, therefore, be used in the calculation for both
the input and the output of the instrument.

The plant specific drift for 2TT-498 (Rochester SC-3372-39) was determined from
the maximum difference between the As-Found and previous As-Left values on the
calibration cards for 1TT-498 and 2TT-498. The greatest As-found / As-left
difference found was 0.0011 Vdc. Converting Vdc to ohms equates to:

197.75802—-93.058C2
0.5Vdc —0.1Vdc

X 0.0011Vdce =0.28793Q

Note: The range of 1TT-498 is used in the above equation and on the lISCS vendor
screen to eliminate unneccessary duplication of records. The actual range of 2TT-
498 is 92.89Q to 197.47Q as shown on the IISCS MCDS screen. The difference in
ranges is considered insignificant.

The accuracy for 2TT-498 (Rochester SC-3372-39) was based on the typical

linearity value of 0.3 °C given in the technical manual. Converting °C to ohms
equates to:

0.3°C><(9 F)>< 197.7582—~93.058Q2
5°C S500°F—0°F

=0.113076Q2 See Assumption 13 Note.

The temperature effect for 2TT-498 (Rochester SC-3372-39) was based on the
Square Root of the Sum of the Squares (SRSS) of the zero and span ambient
temperature effects given in the technical manual (See Assumption 13 Note):
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RTD min(Q)

span(Q) x0.002% % sPan(Q) +0.008% X span(L2)

zeroeffect = °C

93.058Q

_10470 x0.002% x104.7Q2+0.008% x104.7Q

°C

_ 0010237Q
=

A Q
zeroeffect(QQ) = zeroeﬁect(;a) Xtempspan(®C)

d

sc.
(G )X (0 F~65°F)

Q
=0010237(; )%

- =022749

0.008% x span(£2)
°C

spaneffect =

_ 0.008% x104.7C2
= °C

=0.0083760

Q
spaneffect(Q) = spaneffect (%) Xtempspan(°C)

50
90

o) C
=0.0083760(; 2% (55 ) X (105° F ~ 65° F)

=018613

TEMPEFFECT = J zeroeffect(Q)+spaneffect (Q)'

— /0227494018613
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16. The plant specific drift for 2PM-468B (Foxboro 66BC-O RFK) was determined from

17.

18.

the maximum difference between the As-Found and previous As-Left values on the
calibration cards for 1PM-468B and 2PM-468B. The greatest As-found / As-left
difference found was 0.13 mAdec. Converting to percent span:

0.13mAdc
S50mAdc - 10mAdc

%X 100 =0.325% Span

Per the Advanced Digital Feedwater Control System (ADFCS) Block Diagram NX-
39767, 2FT-495 is powered from a device designated as a Q16 C3 card. Per the
ADFCS Technical Manual NX-39766-9 ("Q CARDS"tab) a Q16 C3 cardis a type
QAC Group 4 card. Perthe ADFCS Technical Manual NX-39766-1 (section 3 tab)
a QAC Group 4 card provides either 40.0 volts + 2.0 Vdc or 24.0 volts = 2.0 Vde.
The power supply voltage fluctuation is therefore + 2.0 Vdo.

Using the same logic above, 2TT-498 is powered from a device determined to be a
QAW Group 5 card. However, no power supply voltage fluctuation was given. Itis
assumed that the allowable fluctuation is the same as the QAC card; + 2.0 Vdc.
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4.0 DESIGN INPUT

4.1. Form 1: Loop/Process Data Sheet

Loop ID CALORIMETRIC, UNIT 2

Configuration No. | 1 -

Loop Description | Unit 2 Calorimetric Calculation
Process Span(PS) | 0 To 100.00 PCT

Analytical/ Process | 0 PCT

Limit (AL/PL)
Normal Operation PCT
Upper Limit
(NOUL)
Normal Operation PCT
Lower Limit
(NOLL) -
Process Max Op 730.85 PSIG
Pressure (PMOP)
Process Normal 711.65 PSIG
Op Pressure

(PNOP)
Operating Time Min: Hours
(Accident) Max: Hours

Setpoint Direction | I
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4.2. Form 2: Instrument Data Sheet

Unit 2

Instrument Tag No. 2FT-495

Function

Other Tag No.

System RE

Functional Description FEEDWATER TO SG 21 FLOW TRANSMITTER
Rack/Panel No. )
Power Supply Tag No. 213/212

EQ Zone AXOP2B

Elevation 740.00 ft O in

Column H.7

Row 11.3

Manuf. Name HONEYWELL

Model Number ST3000STD120

EQ No

Seismic Category NO

QA Elec.

QA Mech.

Input Span (CS) 0 To 369.30 INWC

Output Span (OS) 0.10000 To 0.50000 VDC
Readability (read)

Surveillance/Calib. Procedure SP2790

Calibration Interval (CI) 18.000 Months

Device Setting Tol. Allowance (st) | 0.0004

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl1:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte2 :

1.1376 INWC

Device M&TE Cal Span mtecs2: 0 To 830.00 INWC
Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3: To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4: To

Device M&TE Allowance mteS :

Device M&TE Cal Span mtecs5: To
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Unit 2

Instrument Tag No. 2TT-498

Function

Other Tag No.

System RE

Functional Description FEEDWATER TO SG 21 TEMPERATURE TRANSMITTER

Rack/Panel No. Local Panel )

Power Supply Tag No. 213/212

EQ Zone -- AXOP2B -

Elevation 735.00 ft 0 in

Column N.S

Row 11.0

Manuf. Name ROCHESTER INSTRUMENT SYSTEMS ~

Model Number SC-3372-3P

EQ No

Seismic Category NO -

QA Elec.

QA Mech. ~

Input Span (CS) 92.890 To 197.47 OHMS

Output Span (0OS) - 0.10000 To 0.50000 VDC

Readability (read)

Surveillance/Calib. Procedure

SP2790

Calibration Interval (CI)

-18.000 Months ) -

Device Setting Tol. Allowance (st)

0.0004

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl:

0.09700 OHMS

0 To 200.00 OHMS

Device M&TE Allowance mte?2 :

Device M&TE Cal Span mtecs2:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3: To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4: To

Device M&TE Allowance mte5 : -
Device M&TE Cal Span mtecs5: To
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Unit 2

Instrument Tag No. 2PT-468

Function

Other Tag No. 21206

System RP

Functional Description SG_21 LOOP A PRESSURE TRANSMITTER

Rack/Panel No.

Power Supply Tag No. 2PQ-468

EQ Zone AXOP2X

Elevation 740.00 ft O in

Column P.O

Row 12.0

Manuf. Name - ROSEMOUNT

Model Number 1154GP9RC

EQ No

Seismic Category YES

QA Elec. 2X2PM

QA Mech. X11FM

Input Span (CS) 0 To 1400.0 PSIG

Qutput Span (OS) 0.10000 To 0.50000 VDC

Readability (read)

Surveillance/Calib. Procedure SP2790

Calibration Interval (CI) 18.000 Months

Device Setting Tol. Allowance (st) 0.002

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl:

6.0000 PSIG

0 To 3000.0 PSIG

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3:

To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4:

Device M&TE Allowance mte5 :

Device M&TE Cal Span mtecsS:

To
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Unit 2
Instrument Tag No. 2PM-468B
Function
Other Tag No.
System RP -
Functional Description SG 21 LOOP A PRESSURE SIGNAL I/I ISOLATOR
Rack/Panel No. 2R2
Power Supply Tag No. 2PD-468
EQ Zone CNLRM
Elevation 735.00 ft 0 in
Column H.7
Row 10.0
Manuf. Name FOXBORO
Model Number 66BC-0 RFK
EQ No
Seismic Category YES
QA Elec. X11FM
QA Mech.
Input Span (CS) 0.10000 To 0.50000 VDC
Output Span (OS) 0.10000 To 0.50000 VDC
Readability (read)
Surveillance/Calib. Procedure SP20022a
Calibration Interval (CI) 12.000 Months
Device Setting Tol. Allowance (st) 0.002

Device M&TE Allowance mtel ;

Device M&TE Cal Span mtecs]:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte3 ;

Device M&TE Cal Span mtecs3:

To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4:

To

Device M&TE Allowance mte5 :

Device M&TE Cal Span mtecs5:

To
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Unit 2

Instrument Tag No. 23118

Function

Other Tag No.

System SB

Functional Description SG_ 21 BLOWDOWN FLOW TRANSMITTER

Rack/Panel No. LOCAL PANEI,

Power Supply Tag No.

EQ Zone AXMZ2C

Elevation 720.00 ft 0 in

Column K.0

Row 11.9

Manuf. Name FOXBORO

Model Number E13DM-B 20-205 INWC

EQ No

Seismic Category NO

QA Elec.

QA Mech.

Input Span (CS) 0 To 25.140 INWC

Output Span (OS) 0.10000 To 0.50000 VDC

Readability (read)

Surveillance/Calib. Procedure PM 2-019

Calibration Interval (CI) 12.000 Months

Device Setting Tol. Allowance (st) | 0.002

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecs1:

2.91e-03 VDC

0 To 3.0000 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2:

0.11000 INWC

0 To 100.00 INWC

Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mte5 :
Device M&TE Cal Span mtecs5: To




Calc. No: SPCNIO18 Originated By: John Harrison " Date: 09/27/95
Calc. Rev: 0 Reviewed By: Thomas M. VerBout Page 23 of J0/07
Unit 2
Instrument Tag No. 2F2511A
Function - )
Other Tag No.
System RE ~
Functional Description LOOP A FEEDWATER FLOW ERCS ANALOG INPUT POINT
Rack/Panel No. RMU223/2PLP
Power Supply Tag No.
EQ Zone N CNLRM
Elevation 735.00 ft 0 in . 1
Column H.0 :
Row 10.5°
Manuf, Name - - COMPUTER PRODUCTS -INC.
-Model Number ERCS ANALOG INPUT POINT 0.0 - 0.640V
EQ - ) No )
Seismic Category ~ | NO
QA Elec. )
QA Mech. -
Input Span (CS) 0.10000 To 0.50000 VDC
QOutput Span (0S) i - 0 To 19.217 INWC
Readability (read) )

Surveillance/Calib. Procedure

Calibration Interval (CD)

18.000 Months

Device Setting Tol. Allowance (st)”

1.0%*a . i

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecs]:

3.1813e-04 VDC

0.62500 To 0.62500 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs?2: To

Device M&TE Allowance mte3 : *

Device M&TE Cal Span mtecs3: To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4: To

Device M&TE Allowance mte5 :

Device M&TE Cal Span mtecsS5: To '
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Unit 2

Instrument Tag No. 2F0409A

Function

Other Tag No.

System SB

Functional Description LOOP A STM GEN BLOWDOWN FLOW ERCS ANALOG INPUT POINT

Rack/Panel No. RMU224/2SA

Power Supply Tag No.

EQ Zone CNLRM

Elevation 735.00 ft O in

Column H.O

Row 10.6

Manuf. Name COMPUTER PRODUCTS INC.

Model Number ERCS ANALOG INPUT POINT 0.0 - 0.640V

EQ No

Seismic Category NO

QA Elec.

QA Mech.
Input Span (CS) 0.10000 To 0.50000 VDC
Output Span (OS) 0 To 120.00 GPM

Readability (read)

Surveillance/Calib. Procedure

Calibration Interval (CI)

18.000 Months

Device Setting Tol. Allowance (st) 1.0*a

Device M&TE Cal Span mtecs1:

Device M&TE Allowance mtel : 3.1813e-04 VDC

0.62500 To 0.62500 VDC

Device M&TE Allowance mte?2 :

Device M&TE Cal Span mtecs2: To
Device M&TE Allowance mte3 :
Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mteS :
Device M&TE Cal Span mtecs5: To
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Unit 2

Instrument Tag No. 2P0400A

Function

Other Tag No. - - -

System RP

Functional Description LOOP A STEAM GENERATOR PRESSURE ERCS ANALOG INPUT

Rack/Panel No. RMU222/2RSC

Power Supply Tag No.

EQ Zone - CNLRM

Elevation 735.00 ft O-in

Column H.3

Row 10.6 -

Manuf. Name COMPUTER PRODUCTS INC.

Model Number ERCS ANALOG INPUT POINT 0.0 - 0.640V

EQ No

Seismic Category NO

QA Elec.

QA Mech.

Input Span (CS) -0.10000 To 0.50000 VDC

Output Span (OS) 0 To 1400.0 PSIG

Readability (read)

Surveillance/Calib. Procedure

Calibration Interval (CI)

18.000 Months

Device Setting Tol. Allowance (st)

1.0*a

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl:

3.1813e-04 VDC

Device M&TE Allowance mte2 :

0.62500 To 0.62500 VDC

Device M&TE Cal Span mtecs2: To
Device M&TE Allowance mte3 :
Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mte5 :
Device M&TE Cal Span mtecs5: To
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Unit 2
Instrument Tag No. 2T0418A
Function
Other Tag No.
System RE
Functional Description LOOP_A STM GEN FEEDWATER TEMP ERCS ANALOG INPUT POINT
Rack/Panel No. RMU222/2RSC
Power Supply Tag No.
EQ Zone CNLRM
Elevation 735.00 ft 0 in
Column H.3
Row 10.6
Manuf. Name COMPUTER PRODUCTS INC.
Model Number ERCS ANALOG INPUT POINT 0.0 - O. 640V
EQ No
Seismic Category NO
QA Elec.
QA Mech. i
Input Span (CS) 0.10000 To 0.50000 VDC
Qutput Span (OS) 0 To 500.00 DEG F
Readability (read)
Surveillance/Calib. Procedure
Calibration Interval (CI) 18.000 Months
Device Setting Tol. Allowance (st) 1.0*a
Device M&TE Allowance mtel : 3.1813e-04 VDC
Device M&TE Cal Span mtecsl: 0.62500 To 0.62500 VDC
Device M&TE Allowance mte? :
Device M&TE Cal Span mtecs2: To
Device M&TE Allowance mte3 :
Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mteS5 :
Device M&TE Cal Span mtecs5: To

4.3.  Form 3: Make/Model Data Sheet
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Manuf. Name HONEYWELL
Model Number ST3000STD120
Range Min:0 Units:INWC .
Max:400.00
Design Pressure 3000.0 PSIG
Vendor Accuracy 0.1%*R
Allowance (va)
Vendor Drift 0.25%*25*1.25
Allowance (vd)
Drift Time (DT) 12.000 Months
Linear or Non-Linear? L
Vendor or Plant-Specific? v

Vendor Temp Effect 0.25%*S/50
(vte)
Vendor Humidity 0
Effect (vhe)
Vendor Over Pressure 0 '
Effect (vope)
Vendor Static Pressure | 0.2%*S
Effect Zero (vspez)

4 Vendor Static Pressure | 0
Effect Span (vspes)
Vendor Power Supply 0.005%*S
Effect (vp)
Vendor Seismic - 0
Effect (vse)
Vendor Radiation 0]
Effect (vre)
Vendor Steam - 0
Press/Temp. Effect
(vspt)
Vendor Post-DBE 0
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Manuf. Name ROCHESTER INSTRUMENT .SYSTEMS
Model Number SC-3372-3P
Range Min:93.058 Units:OHMS

Max:197.76
Design Pressure PSIG
Vendor Accuracy 0.113076
Allowance (va)
Vendor Drift 0.28793
Allowance (vd)
Drift Time (DT) 12.000 Months
Linear or Non-Linear?
Vendor or Plant-Specific?
Vendor Temp Effect 0.29393
(vte)
Vendor Humidity 0
Effect (vhe)
Vendor Over Pressure 0
Effect (vope)
Vendor Static Pressure | 0
Effect Zero (vspez)
Vendor Static Pressure | 0
Effect Span (vspes)
Vendor Power Supply 0.0025%*s/1
Effect (vp)
Vendor Seismic 0
Effect (vse)
Vendor Radiation 0
Effect (vre)
Vendor Steam 0
Press/Temp. Effect
(vspt)
Vendor Post-DBE 0

Effect(vpdbe)

Date: 09/27/95
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Manuf, Name ROSEMOUNT

Model Number ‘| L154GPIRC

Range Min:0 Units:PSIG

Max:3000.0

Design Pressure 4500.0 PSIG

Vendor Accuracy 0.25%*S ’ )
Allowance (va)
.Vendor Drift -0.2%*R

Allowance (vd)

Drift Time (DT) 30.000 Months

Linear or Non-Linear? L
Vendor or Plant-Specific? v

Vendor Temp Effect (0.75%*R+0.5%*S) /100

(vte)

Vendor Humidity 0

Effect (vhe)

Vendor Over Pressure {0<X<=4500,0}{X>4500,0.5%*R}
Effect (vope)

Vendor Static Pressure | 0

Effect Zero (vspez)

Vendor Static Pressure | O

Effect Span (vspes)

Vendor Power Supply 0.005%*S/1

Effect (vp)

Vendor Seismic 0.5%*R

Effect (vse)

Vendor Radiation {0<=X<=0,; 0} {0<X<=5000000,1%*R}
Effect (vre)

Vendor Steam 2.5%*R+0.5%*8S

Press/Temp. Effect

(vspt)

Vendor Post-DBE
Effect(vpdbe)

2.5%*R
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Effect(vpdbe)

Manuf. Name FOXBORO

Model Number 66BC-0 RFK

Range Min:10.000 Units:MADC

Max:50.000

Design Pressure PSIG

Vendor Accuracy 0.5%*S

Allowance (va)

Vendor Drift 0.325%*s

Allowance (vd)

Drift Time (DT) 12.000 Months
Linear or Non-Linear? L
Vendor or Plant-Specific? P

Vendor Temp Effect 0

(vte)

Vendor Humidity 0

Effect (vhe)

Vendor Over Pressure 0

Effect (vope)

Vendor Static Pressure | 0

Effect Zero (vspez)

Vendor Static Pressure | 0

Effect Span (vspes)

Vendor Power Supply | 0

Effect (vp)

Vendor Seismic 0

Effect (vse)

Vendor Radiation 0

Effect (vre)

Vendor Steam 0

Press/Temp. Effect

(vspt)

Vendor Post-DBE 0
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Manuf. Name FOXBORO
Model Number E13DM-B (20-205 INWC)
Range Min:200.00 Units:INWC

Max:850.00

Design Pressure

2000.0 PSIG

Effect(vpdbe)

Vendor Accuracy 0.522%*S

Allowance (va)

Vendor Drift 0.25%*S

Allowance (vd)

Drift Time (DT) - 12.000 Months
Linear or Non-Linear? L
Vendor or Plant-Specific? v

Vendor Temp Effect 0 ]

(vte)

Vendor Humidity 0

Effect (vhe)

Vendor Over Pressure 0

Effect (vope)

Vendor Static Pressure | 0

Effect Zero (vspez)

Vendor Static Pressure | 0

Effect Span (vspes)

Vendor Power Supply 0 )

Effect (vp)

Vendor Seismic 0

Effect (vse)

Vendor Radiation 0

Effect (vre)

Vendor Steam 0

Press/Temp. Effect

(vspt)

Vendor Post-DBE 0
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Manuf. Name COMPUTER PRODUCTS INC.
Model Number ERCS ANALOG INPUT POINT 0.0 - 0.640V
Range Min:-0.64000 Units:VDC
Max:0.64000
Design Pressure PSIG
Vendor Accuracy 0.03706%*2*R
Allowance (va)
Vendor Drift 0
Allowance (vd)
Drift Time (DT) 18.000 Months

Linear or Non-Linear?
Vendor or Plant-Specific?
Vendor Temp Effect 0.008584%*2*R/1.8

<

(vte)

Vendor Humidity 0
Effect (vhe)

Vendor Over Pressure 0
Effect (vope)

Vendor Static Pressure | 0
Effect Zero (vspez)

Vendor Static Pressure | 0
Effect Span (vspes)

Vendor Power Supply 0
Effect (vp)

Vendor Seismic 0
Effect (vse)

Vendor Radiation 0
Effect (vre)

Vendor Steam 0
Press/Temp. Effect

(vspt)

Vendor Post-DBE 0

Effect(vpdbe)
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4.4. Form 4; Environmental Conditions Data Sheet

Eq Zone

AXOP2B

Room
Description

Unit 2 Aux Building Elev 735 Cmprt B

Normal
Temperature
Range
(NTMIN &
NTMAX)

Min: 65.000 °F

Max: 105.00 °F

Normal
Humidity
Range
(NHMIN &
NHMAX)

Min: 20.000 $RH

Max: 90.000 %RH

Max. Normal
Radiation

(NR)

0 Rads/Hour

Accident Type

NORMAL

Accident
Temperature

(AT)

0 °F

Accident
Humidity
(AH)

0 %RH

Accident
Radiation
(AR)

0 Rads
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Eq Zone AXOP2X

Room
Description

Unit 2 Aux Building Elev 735 Cmprt X

Normal
Temperature
Range
(NTMIN &
NTMAX)

Min: 65.000 °F

Max: 105.00 °F

Normal
Humidity
Range
(NHMIN &
NHMAX)

Min: 20.000 %RH

Max: 90.000 %RH

Max. Normal
Radiation

(NR)

0 Rads/Hour

Accident Type | NORMAL

Accident

Temperature
(AT)

0 °F

Accident 0 %RH
Humidity
(AH)

Accident
Radiation

(AR)

0 Rads
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Eq Zone CNLRM

Room Unit 1 & 2 Control Room
Description )
Normal Min: 65.000 °F
Temperature
Range
(NTMIN & Max: 105.00 °F
NTMAX)
Normal -|Min: 20.000 %RH
Humidity
Range
(NHMIN & Max: 90.000 %RH
NHMAX)
Max. Normal | 0 Rads/Hour
Radiation
(NR)
Accident Type | NORMAL
Accident 0 °F
Temperature
(AT)
Accident - 0 %RH
Humidity
(AH)
Accident 0 Rads : -
Radiation
(AR)
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Eq Zone

AXMZ2C

Room
Description

Unit 2 Aux Building Elev 715 Cmprt C

Normal
Temperature
Range
(NTMIN &
NTMAX)

Min: 60.000 °F

Max: 85.000 °F

Normal
Humidity
Range
(NHMIN &
NHMAX)

Min: 50.000 $RH

Max: 50.000 %RH

Max. Normal
Radiation
(NR)

0 Rads/Hour

Accident Type

NORMAL

Accident

Temperature
(AT)

0 °F

Accident
Humidity
(AH)

0 %RH

Accident
Radiation
(AR)

0 Rads
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5.0 ERROR ANALYSIS AND SETPOINT DETERMINATION

5.1.  Given Conditions

5.1.1. Loop Instrument List

Device  Unit Instrument Tag - - Function

1 2 2FT-495

2 2 2TT-498

3 2 2PT-468

4 2 2PM-468B

5 2 23118

6 2 2F2511A

7 2 2F0409Aa

8 2 2p0400A

9 2 2T0418A

5.1.2. Device Dependency Table

Unit Instrument Func Cal Pwr Rad Seismic Temp Humidity
2 2FT-495 A A A A A A
2 2TT-498 B B A B A A
2 2PT-468 c C B C B B
2 2PM-468B D ¢C C D C 164
2 23118 E D D E D D
2 2F2511Aa F A C F C C
2 2F0409Aa G D c G c c
2 2rP0400A H C C H C c
2 2T0418A I B C I Cc C

Device Dependency Assumptions/References
Calibration: SP 2002A & 2002B

Power Supply: SP 2002A & 2002B



Calc. No: SPCNIO18 Originated By: John Harrison Date: 09/27/95

Calc. Rev: 0 Reviewed By: Thomas M. VerBout Page 38 of 20°/0%
Radiation: SP 2002A & 2002B
Seismic: SP 2002A & 2002B
Temperature: SP 2002A & 2002B
Humidity: SP 2002A & 2002B
5.1.3. Calibration Static Pressure(CSP). Power Supply Stability(PSS)

Unit Instrument Function CSp PSS

(PSIG) (VOLTS)

2 2FT-495% (0] 2.0000

2 2TT-498 0 2.0000

2 2PT-468 0 4.3000

2 2PM-468B 0 4.3000

2 23118 0 11.800

2 2F2511Aa 0 2.0000

2 2F0409Aa 0 11.800

2 2P04002Aa 0 4.3000

2 2T0418A 0 2.0000

Note: PSS values are only considered for devices with a Vendor Power Supply Effect
which is expressed per volt.

CSP and PSS Assumptions/References
CSP: SP2002B

PSS: Reference 7
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5.1.4. Insulation Resistance(IR), Primary Element Accuracy(PEA), Process Measurement
Accuracy(PMA) and other Process Considerations(PC)

Type Magnitude Sign  Acc/ Dependent Dependent PC/IR
(decimal%) Norm Device Uncertainty Assumptions/
References
PEA 0.05000 R N ASSMP 4
PC 8.6e-03 R N ASSMP 6
PC 0.01000 R N REF 5

Note: Magnitude is expressed in decimal percent of span, e.g. 0.02 equals 2% of span.

IR value per specific Loop Configuration IR calculation.
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5.2.  Calculation of Instrument Uncertainties

5.2.1. Instrument Accuracy (a,)
a,=  (va,)(PS/CS,)

Where n = the number of the loop device
va=  vendor's accuracy expression

Note: If the Device Setting Tolerance (st), per Form 2,is greater than the Instrument
Accuracy (a) for a specific device, then (st) will be used in lieu of (a) in the equation

shown above.
Instrument Accuracy(a)
Device Random

+0.10831
+0
+0.50000

+0
.52200
+0.11859
+0.11859
+0.11859
+0.11859

*

*

WO bW R
+
o

Units

PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT
PCT

* = Uncertainty included with plant specific drift for this device

3.2.2. Instrument Drift (d,)
d = (CUDT)(vd)(PS/CS)

Where vd = vendor's drift expression

Note: The factor (CI/DT) is included in the above equation if Drift is linear over time. If

Drift is non-linear over time, the factor is replaced by:
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(CUYDT)'"?
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Instrument Drift(d)
Device Random +Bias -Bias Units
1 +0.03173 0 0 PCT
2 +0.41298 0 0 PCT
3 +0.25714 0 0 PCT
4 +0.32500 0 0 PCT
5 +0.25000 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT
5.2.3. Instrument Measurement and Test Equipment Allowance ( m,)

mte, = [(mtea, + mtestd,)* + (mtet,)” + (mteread,)? ]'?

m, = [(mte,/mtecs,)’ + (mte/mtecs,)® + (mtey/mtecs,)® + (mte/mtecs)? +
(mteg/mtecs;)’]"?* PS

Where:

mte, = the Measurement and Test Equipment allowance for one M&TE device.
mtea, = the accuracy of the M&TE device.

mtet, = the temperature effect of the M&TE device.

mteread, = the readability of the M&TE device.

mtestd, = the accuracy of the standard used to calibrate the M&TE device.

m, = the Measurement and Test Equipment allowance for one loop device.

mtecs = the calibrated span of the M&TE device.
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Instrument M&TE(m)

Device Random . Units
1 +0.79003 PCT

*2 +0 pCT

3 +0.84435 PCT

*4 +0 PCT

5 +0.84894 PCT

6 +0.07953 PCT

7 +0.07953 PCT

8 +0.07953 PCT

9 +0.07953 PCT

* = Uncertainty included with plant specific drift for this device

5.24. Instrument Teinperaturé Effect (ty. t, & tys)

Normal: ty = (NTMAX - NTMIN)(vte)(PS/CS)

Accident: t,

[(AT - NTMIN)(vte)(PS/CS)] - ty

Loss of non-seismic HVAC during a seismic event:

tus = [(NST - NTMIN)(vte)(PS/CS)] - t

Where vte = vendor's temperature effect expression

Notes: The factors (NTMAX - NTMIN), (AT - NTMIN) and (NST - NTMIN) are
included in the equations shown above only if the Vendor's Temperature Effect (vte) for a
specific device is expressed per degree. This is indicated by the character "/" in the

Vendor's Temperature Effect equation shown on Form 3.

If the Vendor's Temperature Effect equation is expressed as a step function, then the
values of NTMAX, AT and NST will be used to determine the value of "X" in the step

function.
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Normal Instrument Temperature Effect (t,)

Device Random +Bias -Bias Units
1 +0.20000 0 0 PCT
*2 +0 0 0 PCT
3 +0.84286 0 0 PCT
*4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0.38151 0 0 PCT
7 +0.38151 0 0 PCT
8 +0.38151 0 0 PCT
9 +0.38151 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Accident Instrument Temperature Effect (t,)
Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0] PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

Loss of non-seismic HVAC during a seismic event
Temperature Effect (ty)

Device Random +Bias -Bias Units
1 +0 0 0 PCT

2 +0 0 0 PCT
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3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

5.2.5. Instrument Humidity Effect (hy, h, & hyo)
Normal: hy = (NHMAX - NHMIN)(vhe)(PS/CS)

Accident: h, = [(AH - NHMIN)(vhe)(PS/CS)] - hy,
Loss of non-seismic HVAC during a seismic event:

hNS

]

[(NSH - NHMIN)(vhe)(PS/CS)] - hy
Where vhe = vendor's humidity effect expressidn

Notes: The factors (NHMAX - NHMIN), (AH - NHMIN) and (NSH - NHMIN) are
included in the equations shown above only if the Vendor's Humidity Effect (vhe) for a
specific device is expressed per degree. This is indicated by the character /" in the
Vendor's Humidity Effect equation shown on Form 3.

If the Vendor's Humidity Effect equation is expressed as a step function, then the values
of NHMAX, AH and NSH will be used to determine the value of "X" in the step function.

Normal Instrument Humidity Effect (hy)

Device Random +Bias -Bias Units
1 +0 0 0 PCT

*2 +0 0 0 PCT

3 +0 0 0 PCT
*4 +0 0 0] PCT

5 +0 0 0 PCT

6 +0 0 0 PCT
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7 +0 0 0 PCT
8 +0 0 0 BECT
9 +0 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Accident Instrument Humidity Effect (h,)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

Loss of non-seismic HVAC during a seismic event
Humidity Effect (hyg)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

5.2.6. Instrument Over Pressure Effect (ope)
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ope = (PMOP - DP)(vope)(PS/CS)
Where vope = vendor’s over pressure effect expression

Notes: The factor (PMOP -DP) is included in the equation shown above only if the
Vendor's Over Pressure Effect (vope) for a specific device is expressed per PSL This is
indicated by the character "/" in the Vendor's Over Pressure Effect equation shown on
Form 3.

If the Design Pressure for a specific device (DP) is greater than or equal to the Process
Maximum Operating Pressure (PMOP), then the Over Pressure Effect (ope) is equal to

zero.
Instrument Over Pressure Effect (ope)
Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT
5.2.7. Instrument Static Pressure Effect Zero (spez)
spez = (PMOP - CSP)(vspez)(PS/CS)
Where vspez=  vendor's static pressure zero effect expression

Note: The factor (PMOP - CSP) is included in the equation shown above only if the
Vendor's Static Pressure Effect Zero (vspez) for a specific device is linear for the given
pressure change defined. This is indicated by the character " / " in the Vendor's Static
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Pressure Effect Zero equation shown on Form 3.



Calc. No: SPCNIO18 Originated By: John Harrison Date: 09/27/95

Calc. Rev: 0 Reviewed By: Thomas M. VerBout Page 49of 70/07%

Instrument Static Pressure Effect Zero (spez)

Device Random +Bias . -Bias Units
1 +0.20000 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 pPCT
4 +0 4} 0 PCT
5 +0 .0 0 PCT
6 +0 ] 0 pPCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT
5.2.8. Instrument Static Pressure Effect Span (spes)

spes = (PMOP - CSP)(vspes)(PS/CS)

Where vspes =vendor's static pressure span effect expression

Note: The factor (PMOP - CSP) is included in the equation shown above only if the
Vendor's Static Pressure Effect Span (vspes) for a specific device is linear for the given
pressure change defined. This is indicated by the character " / " in the Vendor's Static
Pressure Effect Span equation shown on Form 3.

Instrument Static Pressure Effect Span (spes)

Device Random +Bias -Bias Units
1 +0 0] 0 pPCT
2 +0 0 0 PCT
3 +0 0 0 PCcT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT
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5.2.9. Instrument Power Supply Effect (p)
p = ((PSS)(vp)(PS/CS)
Where p = vendor's power supply effect expression
Note: The factor (PSS) is included in the equation shown above only if the Vendor's

Power Supply Effect (vp) for a specific device is expressed per volt. This is indicated by
the character " / " in the Vendor's Power Supply Effect equation shown on Form 3.

Instrument Power Supply Effect (p)

Device Random +Bias -Bias Units
1 +5.0e-03 0 0 PCT
2 +5.0e-03 0 0 PCT
3 +0.02150 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

5.2.10. Instrument Seismic Effect (s)

s = (vse)(PS/CS)
Where vse = vendor's seismic effect expression

Instrument Seismic Effect (s)
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Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0] PCT
3 +0 0 0] PCT
4 +0 -0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT
5.2.11. Instrument Radiation Effect ( LTy & 1,y

Normal: 1, = (NTID)(vre)(PS/CS)
Accident: 1, = (ATID)(vre)(PS/CS)

Accident: r,,, = (ANTID)(vre)(PS/CS)

Where vie = vendor's radiation effect expression
NTID = total integrated dose for normal conditions
ATID = total integrated dose for accident conditions

ANTID = total integrated dose for accident plus normal conditions

Notes: The factors (NTID)(ATID) and (ANTID) are included in the equations only if the
Vendor Radiation Effect (vre) for a specific device is expressed per Rad. This is
indicated by the character " /" in the Radiation Effect equation shown on Form 3.

If the Radiation Effect equation is expressed as a step function, then the values NTID,
ATID and ANTID will be used to determine the value of X" in the step function.

If plant specific drift is entered for a loop device that is subject to accident radiation, r, is
used in place or r,y if the user does not change the plant specific drift default value of 0
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for the normal radiation effect.

Normal Instrument Radiation Effect (ry)

Device Random +Bias -Bias Units

1 +0 0 0 PCT

*2 +0 0 0 PCT
3 +0 0 0 PCT

*4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Accident Instrument Radiation Effect (r,)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

Accident and Normal Instrument Radiation Effect (T
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Device Random . +Bias -Bias . Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 pCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0] 0 pPCcT
8 +0 0 0 PCT
9 +0 0 0 pCT

5.2.12. Instrument Steam Pressure/Temperature Effect (spt)

spt = (vspt)(PS/CS)
Where vspt = vendor's steam pressure/temperature effect expression

Instrument Steam Pressure/Temperature Effect (spt)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCcT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

5.2.13. Instrument Post-DBE Effect (pdbe)
pdbe = (vpdbe)(PS/CS)



Calc. No: SPCNIO18 Originated By: John Harrison Date: 09/27/95

Calc.Rev: 0 Reviewed By: Thomas M. VerBout Page 54 of 26 /0

Where vpdbe = vendor's Post-DBE effect expression
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Instrument Post-DBE Effect (pdbe)

Device Random +Bias -Bias Units

1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5 +0 0 0 PCT
6 +0 0] 0 PCT
7 +0 0 0 PCT
8 +0 0 0 PCT
9 +0 0 0 PCT

5.3.  Calculation of Combined Loop Effects

5.3.1. Loop Accuracy (A)

Accuracy contains only random terms. Since ‘the individual device Accuracies are
considered independent, they may be combined as follows: )

A=(a) +(8,) +...+(a)

Using the equations for Instrument Accuracy and combining the results in accordance
with the method described above;

A=t 0.59047 (PCT)?

53.2. Loop Drift (D)

Drift may contain random and bias terms. The individual device drifts which are random
are combined according to device calibration dependency groups.

For example, consider a loop which contains devices 1,2, and 3 which each have random,
bias positive, and bias negative terms. If device 1 is calibrated alone (e.g. Calibration
Group "A") and devices 2 and 3 are calibrated together (e.g. Calibration Group "B") then:
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Dy = (dip)® + (d + dp)’
Dy = (dipp+ dyppt dipp)
Den = (dipn+ dypyt dipy)

Combining the results of Instrument Drift calculated in section 5.2.2 in accordance with
the method described above;

D = %+ 0.40581 (pCT)?
Dy = 0 PpcT
Dpy = 0 PCT

5.3.3. Loop Measurement & Test Equipment Allowance (M)

The M&TE Allowance contains a random term only. The individual device M&TE
Allowances are combined according to device calibration dependency groups.

For example, consider a loop which contains devices 1, 2, and 3. If device 1 is calibrated

alone (e.g. Calibration Group "A") and devices 2 and 3 are calibrated together (e.g.
Calibration Group "B") then:

M = (m) +(m,+m,)’

Combining the results of Instrument M&TE Allowance calculated in section 5.2.3 in
accordance with the method described above;

M = % 2.0831 (PCT)?

5.34. Loop Temperature Effect (Ty, T, and Ty)

The Temperature Effect (Normal, Accident and Loss of non-seismic HVAC during a
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seismic event) contains a random term and bias terms. The individual device Temperature
Effects which are random are combined according to device temperature dependency
groups. Process Considerations that are considered to be temperature-related are also
combined with the associated device Temperature Effect.

For example, consider a loop which contains devices 1,2, and 3 which each have a
random, bias positive, and bias negative terms. The devices also have the following
temperature-related process considerations (PC):

PCA = Device 1 Accident Random PC
PCN,; = Device 1 Normal Random PC
PCA, = Device 2 Accident Bias Positive PC
PCN;py = Device 3 Normal Bias Negative PC

If device 1 is located in one temperature environment (e.g. Temperature Group "A") and
devices 2 and 3 are located in another temperature environment (e.g. Temperature Group

"B") then:

Normal:
Tae = (bag + PCNR? + (tyg + tyar)”
Tapr = (bupe + tsp + tasee)
Tagn = (twisn + busn + ey + PCNygy)

Accident:
Tae = (tur+tar +PCAR + (tyr + tagr + g + taap)
Tase = (tupe + tarse + tosp + tape + thBBP + taspp + PCAjpp)
Tapn = (tuien + taien + ben + taan + tuasn + tasn)

Loss of non-seismic HVAC during a seismic event:
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Tase = (tar+tasir+ PCARY + (tazr + tusor + tag + tyssp)’

Tusee = (tase + tasisp + taosp + tnszpe + taape + tsspp + PCAggp)

Tusen = (bapn + tysien + tuzn + tusoen + tnsen + tusspn)

Combining the results of Instrument Temperature Effects calculated in Section 5.2.4

along with the appropriate temperature dependent process considerations in accordance
with the method described above;

Tar = %

3
~

I
I+

x|
&
~

]
4+

5.3.5. Loop Humidity Effect ( Hy. H, and Hys)

3

0

.0792 (pcT)?

PCT

PCT

.0792

PCT

PCT

.0792

PCT
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(pPCT)?

(pCT)?

The Humidity Effect (Normal, Accident and Loss of non-seismic HVAC during a seismic
event) contains a random term and bias terms. The individual device Humidity Effects
which are random are combined according to device humidity dependency groups.

If device 1 is located in one humidity environment (e.g. Humidity Group "A") and
devices 2 and 3 are located in another humidity environment (e.g. Humidity Group "B")

then:
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Normal:
Huy = (hy)®+ My + hysr)”
Hyge = (hyypp + hyope + hyspp)
Hun = (hypy + ey + hyspy)
Accident
Har = (hyp+bhaye)® + (g + hagg + hygg + hase)?
HABP = ,(hNIBP + hAlBP + hNZBP + hAZBP + hmBP + hMBP)
Hppn = (hyyen + sy 4 hyopy + haopy + hygps + haspn)

Loss of non-seismic HVAC during a seismic event:

2 2
Hyse = (hygr + hygir)® 4 (hyor + hysor + i + hyssp)
Hysgp =  (hyype + hysipe + hyopp + husone + Dyape ++ Dysape)
Hysen = (hyypy + hysin + hyogn + Bysopn + Dropn + Bysspn)

Combining the results of Instrument Humidity Effects calculated in Section 5.2.5 in
accordance with the method described above;

Hy = * 0 (pPCT)?
Hygr = 0 PCT
Huy = 0 PCT
Hyy = % 0 (PCT)?



Calc. No: SPCNIO18 Originated By: John Harrison Date: 09/27/95

Calc. Rev: 0 Reviewed By: Thomas M. VerBout Page 60of 70r/02
Hyy = 0 PCT
Hy: = £ 0 (PCT)?
Hygr = 0 PCT
Hygn = 0 PpCT

5.3.6. Loop Over Pressure Effect (OPE)

The Over Pressure Effect contains a random term and bias terms. Since the individual
device Over Pressure Effects are considered independent, the random terms may be
combined by the sum of the squares. The random and bias terms will combined as

follows:
OPE, = (oper)’ + (0pe,p)* + .... + (Ope,p)*
OPEg, = (Opepp + Opeypp + .... + OPE,pp)
OPEgy = (0pe;pn + OPEypy + ... + OPe,py)

Combining the results of Instrument Over Pressure Effects calculated in Section 5.2.6 in
accordance with the method described above;

OPE, = * 0 (PCT)?
OPE,, = 0 PCT

OPE,, = 0 PCT
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5.3.7. Loop Static Pressure Effect Zero (SPEZ)

The Static Pressure Zero Effect contains a random term and bias terms. Since the
individual device Static Pressure Zero Effects are considered independent, the random

terms may be combined by the sum of the squares. The random and bias terms will be
combined as follows:

SPEZ; = (spezr)’+ (spezyp)’ + ... + (spez,g)’?
SPEZy, = (spezipp + SPezypp + ... + SPez,pp)

SPEZpy = (spezipy + Spezypy + .... + SPez py)

Combining the results of Instrument Static Pressure Zero Effects calculated in Section
5.2.7 in accordance with the method described above:

SPEZ, = % 0.04000 (PCT)?
SPEZ,, = 0 PCT
SPEZ,, = 0 PCT

5.3.8. Loop Static Pressure Effect Span (SPES)

The Static Pressure Span Effect contains a random term and bias terms. Since the
individual device Static Pressure Span Effects are considered independent, the random

terms may be combined by the sum of the squares. The random and bias terms will be
combined as follows:

SPES; = (spes;p)’ + (spes,;p)® + ... + (spes,)’
SPESy; = (spespp + Spes,gp + ... + SPes,gp)
SPESpy = (spes;py + SPeSypy + ... -+ SPes gy)

Combining the results of Instrument Static Pressure Span Effects calculated in Section
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5.2.8 in accordance with the method described above;

SPES, = + 0 (pCcT)?
SPES;, = 0 PCT
SPES,y = 0 PCT

5.3.9. Loop Power Supply Effect (P)

The Power Supply Effect contains a random term and bias terms. The individual device
Power Supply Effects which are random are combined according to device power
dependency groups.

For example, consider a loop which contains devices 1,2, and 3 which each have random,
bias positive, and bias negative terms. If device 1 is powered by one power supply (e.g.
Power Supply Group "A") and devices 2 and 3 are powered by another Power Supply
(e.g. Power Supply Group "B") then:

Pr = (pw) + (Par + Pr)’
Pgp = (Pisp + Pasp + Pipp)
Pen = (Pipn+ Pasn + Pann)

Combining the results of Instrument Power Supply Effects calculated in Section 5.2.9 in
accordance with the method described above;

Py = * 5.1225e-04 (PCT)?
Py, = 0 PCT

Ppy = 0 PCT
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5.3.10. Loop Seismic Effect (S)

The Seismic Effect contains a random term and bias terms. The individual device

Seismic Effects which are random are combined according to device seismic dependency
groups.

For example, consider a loop which contains devices 1,2, and 3 which each have random,
bias positive, and bias negative terms. If device 1 is located in one seismic environment

(e.g. Seismic Group "A") and devices 2 and 3 are located in another seismic environment
(e.g. Seismic Group "B") then:

2 2
Sk = (S;r)" +(S;r +S3p)
Spp = (S;pp + Spp + Sapp)
Sen = (Sipn+ Saen F S3en)

Combining the results of Instrument Seismic Effects calculated in Section 5.2.10 in
accordance with the method described above;

Ss = % 0 (PCT)?
Spp = 0 PCT
Spn = 0 PCT

5.3.11. Loop Radiation Effect (Ry & R,\)

The Radiation Effect contains a random term and bias terms. The individual device
Radiation Effects which are random are combined according to device radiation
dependency groups.

For example, consider a loop which contains devices 1,2, and 3 which each have random,
bias positive, and bias negative terms. If device 1 is located in one radiation environment
(e.g. Radiation Group "A") and devices 2 and 3 are located in another radiation
environment (e.g. Radiation Group "B") then:
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Normal;
Rww = (rNIR)z + (tyor + rNBR)2
Rygr = (fwige + Inosp + Insep)
Raen = (fusn + Inopn + Tsen)
Accident:
Ry = (rANlR)2 + (Canor + rAN3R)2
Raner = (Caipe + Tanzep + Tanapp)
Ranen = (Canien + Tanzen + FAn3BN)

Combining the results of Instrument Radiation Effects calculated in Section 5.2.11 in
accordance with the method described above;

Rwe =
Rypr =
Ry =
Raw =
Raner =

Raen =

+

4+

0

0

0

o

(pCT)?
PCT
PCT

(pCT)?
PCT

PCT
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5.3.12. Loop Steam Pressure/Temperature Effect (SPT)

The Steam Pressure/Temperature Effect contains a random term and bias terms. Since the
individual device Steam Pressure/Temperature Effects are considered independent, the

random terms may be combined by the sum of the squares. The random and bias terms
will be combined as follows:

SPTy (sptir)® + (sptyr)? + ... + (spt,p)’

SPTgp = (sptypp + SPptygp + ... + SpPt,pp)

SPTpny = (SPtign + SPlypy + .. + SPtusn)

Combining the results of Instrument Steam Pressure/Temperature Effects calculated in
Section 5.2.12 in accordance with the method described above;

SPT, = #* 0 (PCT)?
SPT, = 0 PCT

SPT,y = 0 PCT

5.3.13.  Loop Post-DBE Effect (PDBE)

The Post-DBE Effect contains a random term and bias terms. Since the individual device
Post-DBE Effects are considered independent, the random terms may be combined by the
sum of the squares. The random and bias terms will be combined as follows:

PDBE; = (pdbeg)® + (pdbey)® '+.... 4 (pdbe,g)?

PDBE,;, = (pdbe, + pdbe,p + .... + pdbe,g;)

PDBE,, = (pdbegy+ pdbeypy+ ... + pdbe,oy)

Combining the results of Instrument Post-DBE Effects calculated in Section 5.2.13 in
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accordance with the method described above;

PDBE; = =+ 0 (PCT)®
PDBE,, = 0 PCT
PDBE,, = 0 PCT

5.3.14. Loop Readability Effect (READ)

The Readability Effect contains a random term only and is the square of the Readability
term given on the MCDS table for the loop's indicator, if applicable. The Readability effect is is
determined as follows:

READ, (read )’

1]

READ, = =0 (PCT)?

5.4. Calculation of Total Loop Error (TLE)

Total Loop Error (TLE) = The Square Root of the Sum of the Squares (SRSS) of the
Random terms =+ the Bias terms

or

TLE,,, = SRSS + Bias positive terms
and

TLE,, = - SRSS - Bias negative terms

For normal conditions:

SRSSN = (A +Dg+M + OPE, + SPEZ; + SPES; + Py + Ty + Ryg + Hyr + READ
+ PEA g 2+ PMA 2+ PC; '
Bias,, = Dy, + OPEy, + SPEZy, + SPESy, + Py, + Ty, + Rypp + Hypp + PEAy,, +

PMA,5, + PCyp, + IRy,
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Bias,, = Dy, + OPEy, + SPEZ,, + SPES;, + Py, + Tyg, + Ryg, + HNB,, + PEA;, +
PMA g, + PCyp, + IR,
SRSSN = + 5.8872 (PCT)
Bias = 0 &PpCT
Bias,,, = 0 PCT
TLEN,, = SRSSN + Bias,,
TLEN,, = -SRSSN -Bias,,
TLEN,, = 5.8872 PCT = 5.8872 % of Process Span
TLEN,, = -5.8872 PCT = -5.8872 % of Process Span

6.0 CONCLUSIONS

Attachment A to this calculation shows that the calorimetric uncertainty is approximately 1.62%.
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ATTACHMENT A TO CALCULATION SPCNI018

CALORIMETRIC PROCESS SIGNAL ERRORS
AND THEIR EFFECT ON -
PERCENT CORE THERMAL POWER

Rev. 0

INTRODUCTION

The purpose of this document is to provide an evaluation of the uncertainties associated with the
determination of core thermal power. The equations used in this evaluation are taken from ERCS but
modified to include information recently provided by Westinghouse (attached).

The results of this evaluation represent the uncertainty of core thermal power derived by ERCS if the
ERCS equations were modified to include the Westinghouse information.

This evaluation contains four parts:

Part 1 presents the equations used by ERCS along with the variables and conventions used
within the evaluation. This part also establishes a baseline calorimetric calculation using typical
values obtained from ERCS during full power but modified to include pressure corrections and
moisture carryover (MCO) values provided by Westinghouse. The values used in the baseline
calculation are referred to as baseline values and represent the points of interest for each process
parameter.

Part 2 considers a 5% error in each of the four process signals that provide an input to the calorimetric
equation and also includes a 5% MCO error. This part also determines the resulting thermal power error
for each 5% process error and MCO error by comparison to the baseline calorimetric calculation thereby
eliminating any process errors that have an insignificant effect on calculated thermal power uncertainty.

Part 3 determines the uncertainty of each process signal input based on the errors identified within
1ISCS and by Westinghouse. This part also determines the resulting thermal power error for each
process uncertainty by comparison to the baseline calorimetric calculation.

Part 4 combines the thermal power error for each process using the Square Root of the Sum of the
Squares (SRSS) technique to yield an overall calorimetric uncertainty.
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PART 1

Per Chapter 11 of the ERCS Training Manual, Volume 20-NSSS, NX-48341 Rev. 0, the following
equation is used to calculate Core Thermal Power Percent (CTPPC):

CTPPC = [SGTP(1) + SGTP(2)] x K - NHL

Where: SGTP = Steam Generator Thermal Power
K = conversion constant to convert from BTU/hr to % thermal power
= 0.177576E-7 (incorrectly shown as 0.19276E-7 in the Training Manual)
NHL = Net Heat Loss (value provided by Westinghouse)

and:

SGTP = [FF x (Hout - Hin)] - [BDF x (Hout - BDHout)]

Where: FF = Feedwater Flow (Ib/hr)

Hout = Heat out (Enthalpy (BTU/Ib)) based on Steam Gen Press per ASME Steam Tables
for saturated steam (pg. 92) and modified per Westinghouse supplied MCO values
Hin = Heat in (Enthalpy (BTU/Ib)) based on Feedwater Temp and

Steam Gen Press per ASME Steam Tables for compressed
water (pg. 173)
BDF = Blowdown Flow (Ib/hr) converted from gpm
BDHout = Blowdown Heat out (Enthalpy (BTU/Ib)) based on Steam Gen
Press per ASME Steam Tables for saturated water (pg. 92)
and:

Hout = (1-MCO) x Houtstm + MCO x Houtwtr (Correction of Enthalpy for Steam Quality)
Where: MCO = Moisture Carryover (value provided by Westinghouse)

Houtstm = Steam portion of Heat out (Enthalpy (BTU/Ib))

Houtwtr = Water portion of Heat out (Enthalpy (BTU/Ib))

In addition, the following variables will be used:

SGP = Steam Generator Pressure (psia)

SGPBD = Steam Generator Pressure (psia) at Blowdown orifice
FT = Feedwater Temperature (deg F)

Knf = Feedwater nozzle factor
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Steam Table Interpolation and Extrapolation

Many of the values used in this evaluation are determined from the Steam Tables by interpolation and
extrapolation. Though enthalpy and specific gravity are not linear functions of temperature and pressure,
the segment of the curves being evaluated are smali enough to consider any non-linearity as insignificant.
The following conventions are used throughout this evaluation:

For single interpolations:

x3 ¢cx3
X2 ex2
x1 cxi

Where xn are known values and cx1 and cx2 are the corresponding values of x, respectively,
obtained from the steam tables and cx2 is the value derived from interpolation:

For double interpolations:

v y2 y3
x3 cx3yl cx3y2 ¢cx3y3
x2 cx2y?2

x1 cxlyl exiy2 cxiy3

Where xn and yn are known values and cx1y1, cx1y3, cx3y1 and cx3y3 are the corresponding
values of xn and yn, respectively, obtained from the steam tables. cx3y2 is the value derived
from interpolating cx3y3 and cx3y1. cx1y2 is the value derived from interpolating cx1y3 and
cx1yl. cx2y2 is the value derived from interpolating cx1y2 and cx3y2

For interpolations based on extrapolation:

y1 y2 y3
x3 cx3yi cx3y2 cx3y3
X2 cx2yt cx2y3

x1 oxlyl coxly2 cx1y3

Where xn and yn are known values and cx1y1, cx2y1, cx1y3 and cx2y3 are the corresponding
values of xn and yn, respectively, obtained from the steam tables. ¢x3y1 is the value derived
from extrapolating cx1y1 and cx2y1. cx3y3 is the value derived from extrapolating cx1y3 and
cx2y3. cx3y2 is the value derived from interpolating cx3y1 and cx3y3
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Using values that approximate those displayed by ERCS along with the constants given in the
Training Manual (See page 2 for a description of the following variables):

K:= 0.177576-107"

FF := 3541500

Hout := 1201.273

Hin := 401.662

BDF := 22624

BDFgpm:= 58

BDHout := 496.410

MCO := 0.1788-%

Houtstm := 1201.273

Houtwtr:= 496.543

Hout := (1 — MCO)-Houtstm + MCO-Houtwtr
SGP := 716.7 + 9.65 Unit 2 Steam Generator Pressure measurement correction

per Reference 50

SGPBD := 716.7 + 28 Unit 2 Steam Generator Pressure measurement correction for
Blowdown pressure per Reference 50
FT:= 424

Knf := 1.006681

SGTP := FF-(Hout — Hin) — BDF-(Hout — BDHout) (EQUATION 1)

SGTP =2.81144 x 10°
NHL := 0.43-%

Assuming that any difference in operating parameters between the two Steam Generators is
insignificant;

SGTP1 := SGTP
SGTP2:= SGTP
CTPPC := (SGTP1 + SGTP2)-K — NHL (EQUATION 2)

CTPPC =99.84461 Percent Power
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PART 2
CONSIDER 5% FEEDWATER FLOW INPUT SIGNAL ERROR

The feedwater flow signal originates at the feedwater flow nozzle, or venturi. 'i'he flow value used in
equation 1 is based on a differential pressure across the flow nozzle.

Given:

Flow transmitter Input Span = 0 - 369.3 inwc per Instrument Data Sheet
Flow equivalent to transmitter Output Span = 0 - 4470000 Ib/hr per calibration card

InSpan := 369.3
OutSpan := 4470000

Solve for the Feedwater Flow baseline differential pressure (FFdp) at the baseline flow;

2
FFdp = S -InSpan
Knf-OutSpan

FFdp = 228.7468 inwc

Add 5% full span error to the baseline differential pressure:
FFdpS := 0.05-InSpan + FFdp
FFdpS5 =247.21179 inwc

Substitute the 5% differential pressure error and solve for the new 5% error flow signaluinput:

FFS = Knf- |29 0 uSpan
InSpan
FF5 = 3.68167 x 10° Ib/hr

Substitute the 5% flow error signal into equation 1:

SGTP := FF5:(Hout — Hin) — BDF-(Hout — BDHout)
SGTP =2.92334 x 10°

SGTP1 := SGTP
SGTP2:= SGTP 4 :

CTPPCSF := (SGTP1 + SGTP2)-K — NHL
CTPPCIT = 103.81881 Percent Power
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> 1/
Therefore, a feedwater flow signal error of 5% results in the following Thermal Power Error (TPE):

CTPPCSf — CTPPC
CTPPC

TPE :=

100
TPE = 3.98038 Percent Thermal Power Error

CONSIDER 5% BLOWDOWN FLOW INPUT SIGNAL ERROR

The blowdown flow signal originates at the blowdown flow orifice. The flow value used in equation 1 is
based on a differential pressure across the flow nozzle.

Given:

Flow transmitter Input Span = 0 - 25.14 inwc per Instrument Data Sheet
Flow equivalent to transmitter Output Span = 0 - 120 gpm per calibration card

InSpanbd := 25.14
OutSpanbd := 120

Solve for the baseline Blowdown Flow differential pressure (BDFdp) at the baseline flow:

2
BDFdp := _BDFgpm_ -InSpanbd
OutSpanbd

BDFdp = 5.873 inwe

Add 5% full span error to the baseline differential pressure:
BDFdp5 := 0.05-InSpanbd + BDFdp
BDFdpS = 7.12998 inwc

Substitute the 5% differential pressure error and solve for the new 5% error flow signal input:

BDF5gpm = BDFdp> -OutSpanbd
InSpanbd

BDF5gpm = 63.90618 apm

Determine the specific volume of the Blowdown in order to convert to Ib/hr:

Per Reference 50, the steam generator pressure is 9.65 psi greater than the measured steam
generator pressure and the pressure where the blowdown is measured is, on average, 28 psi greater
than the measured steam generator pressure. Therefore, the Blowdown specific volume will be
based on: 1) The corresponding temperature of the steam generator at saturated conditions (716.7 +
9.65 psi); and 2) The pressure where the blowdown is measured (716.7 + 28 psi).
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Determine the Blowdown temperature (BDSVtmp) based on saturated conditions:

x2 := SGP

x3:= 730 cx3:=507.78
x2 =726.35

x1:= 720 cxl:= 506.23

x2i= 2T X343
x3 —-xl

cx2 = 507.21425
BDSVitmp = cx2
BDSVtmp = 507.21425

Determine the Blowdown specific volume (BDSV) based on compressed water conditions:

x3 := BDSVtmp
y2 := SGPBD
yl := 700 y2 =744.7 y3:= 750
X3 = 507.21425
X2:= 500 cx2yl := 0.02043 cx2y3 := 0.02042
x1 := 490 cxlyl := 0.02020 " cxly3 = 0.02018

Determine cx3y1:

x3 - xl

cx3yl = «(ex2yl — exlyl) + cxlyl

x2 - x1
cx3yl = 0.0206

Determine cx3y3:

X3 =Xl exay3 — exiy) + exly3
x2 -xl1

cx3y3:=

cx3y3 = 0.02059
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Determine cx3y2:

cx3y3 - cx3yl

cx3y2 :=
y y3 -yl

-(y2 - yl) + ¢cx3yl

cx3y2 = 0.02059
BDSV := ¢cx3y2

BDSV = 0.02059

. 3
6 1 60-
BDF5 .= BDFSgpm-——O . ! Conversion ;= &O—mlf—l—ﬁ—ﬁ
7.48 BDSV min  hr  7.48-gal 43

BDF5 =24892.22269 Ib/hr

Substitute the 5% blowdown flow error signal into equation 1:

SGTP := FF-(Hout — Hin) ~ BDF5-(Hout — BDHout)
SGTP =2.80985 x 10°

SGTP1 := SGTP
SGTP2 := SGTP

CTPPCbdf := (SGTPI + SGTP2)-K — NHL
CTPPCbdf = 99.78793 Percent Power

Therefore, a blowdown flow signal error of 5% results in the following Thermal Power Error (TPE):

CTPPCbdf — CTPPC
CTPPC

TPE =

100

TPE =-0.05677 Percent Thermal Power Error

Since the Blowdown Flow Error:Thermal Power Error ratio is 88:1, itis considered
mathematically insignificant and will not be considered in Part 3 of this calculation.
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CONSIDER 5% STEAM GENERATOR PRESSURE INPUT SIGNAL ERROR

Steam generator pressure is used to determine the enthalpy of the Main Steam (Hout), the enthalpy of
the Blowdown (BDHout) and the specific volume of the Blowdown (BDSV). Steam generator pressure
along with feedwater temperature is used to determine the enthalpy of the feedwater (Hin).

The following evaluates the effect upon each of these terms as a result of a 5% full span increase in
steam generator pressure:
Given: .

Baseline Steam Generator Pressure (SGP) at 100% power = 726.35 psia

Steam Generator Pressure Transmitter Span (SGPS) = 0 - 1400 psig per Instrument Data Sheet

SGP = 726.35 psia
SGPS := 1400 psig

Add 5% full span error to the baseline steam generator pressure:
SGP5 := 0.05-SGPS + SGP
SGPS5 = 796.35 psia

Using the new steam generator pressure value and referring to the steam tables, perform interpolations to
determine new Hout, Hin, BDSV and BDHout values:

Determine new Hout value based on the Steam Generator Pressure Change (SGP5 = x2):
x2 := SGP5

x3 := 800 cx3:= 11994
x2 =796.35
xl:= 790 cxl = 1199.7

ox2i= B o x3) 4 ex3
x3 - x1

cx2 = 1199.5095

Houtsgp := ¢cx2
Houtsgp = 1199.5095
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Determine new Houtwir value based on the Steam Generator Pressure Change (SGP5 = x2):
x2 ;= SGP5

x3:= 800 cx3:= 509.8
x2 = 796.35
x1:= 790 cxI ;= 508.1

oxzi= S8zl o x3) + cx3
x3 - xl1

cx2 = 509.1795

Houtsgpwir := cx2

Houtsgpwtr = 509.1795

Correct Houtsgp for MCO value provided by Westinghouse
Houtsgp := (1 — MCO)-Houtsgp + MCO-Houtsgpwtr

Houtsgp = 1198.27519

Determine new Hin value based on the Steam Generator Pressure Change (FT = x2 and SGP5 = y2):

y2 := SGP5
x2:=FT

yl := 750 y2 =796.35 y3 := 800
x3:= 430 cx3yl:= 408.25 cx3y3 := 408.29
x2 =424
xl:= 420 cxlyl:= 397.31 cxly3:= 397.35

Determine cx3y2:
cx3y2 := -(¥2 - y1) + ex3yl
cx3y2 = 408.28708

Determine cx1y2:
cxly2:= -(y2 — y1) + cxlyl

cxly2 = 397.34708
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Determine cx2y?2:

- 2
cx2y2 = E?;yZ_cxly_.(xz —x1) + cxly2
x3 —-x1

cx2y2 = 401.72308

Hinsgp := cx2y2
Hinsgp = 401.72308

Determine the new Blowdown Specific Volume (BDSVsgp) value based on th’e Steam Generator
Pressure Change (SGP5 = x2)

Determine the new Blowdown temperature (BDSVitmpsgp) based on saturated conditions:

x2 := SGP5
X3 := 800 - cx3 := 51821 )
x2 = 796.35
x1 := 790 cxl := 516.76
cx2 = M-()& —x3) + cx3
x3 -x1

cx2 = 517.68075
BDSVtmpsgp := cx2
BDSVtmpsgp = 517.68075
Determine the new Blowdown specific volume (BDSVsgp) based on compressed water conditions:

x3 := BDSVtmpsgp

y2 := SGP5 + 18.35 psi difference between corrected steam generator pressure
and blowdown pressure per Reference 50

yl = 800 y2 = 814.7 y3 = 850
X3 = 517.68075 | ’
x2:= 510 cx2yl := 0.02065 cx2y3:= 0.02064
x1 := 500 cxlyl := 0.02041 cxly3 := 0.02039

Determine cx3y1:

cx3yl = x3 - xl «(cx2yl — cxlyl) + cxlyl
x2 —x1

cx3yl = 0.02083
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Determine cx3y3:

x3 -

cx3y3:=

1
xl (cx2y3 - cx1y3) + cx1y3
X
cx3y3 = 0.02083

Determine cx3y2:

- 1
cx3y2:= M-(yz - yl) + ex3yl
y3 -yl
cx3y2 = 0.02083

BDSVsgp = cx3y2
BDSVsgp = 0.02083

Determine the new Blowdown Enthalpy (BDHout) based on compressed water conditions:
x3 := BDSVtmpsgp

y2 := SGP5 + 18.35 psi difference between corrected steam generator pressure
and blowdown pressure per Reference 50

yl := 800 y2 = 814.7 y3 := 850
x3 = 517.68075
x2:= 510 cx2yl ;= 499.34 cx2y3 := 499.80
x1 = 500 cxlyl := 487.88 cxly3 := 487.86
Determine cx3y1:
x3 -xl

cx3yl = -(cx2yl — cxlyl) + cxlyl

x2 ~x1
cx3yl = 509.02618

Determine cx3y3:

x3 -x

cx3y3:= : (cx2y3 - cx1y3) + cxly3

X2 -Xx

cx3y3 = 508.97082
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Determine cx3y2:

cx3y3 - cx3yl

cx3y2 :=
d y3-yl

«(y2 = yl) + cx3yl

cx3y2 = 509.0099

BDHoutsgp := ¢cx3y2
BDHoutsgp = 509.0099

Use the new Blowdown specific volume (BDSVsgp) to calculate the new Blowdown compensated flow
(BDF):

BDFsgp := BDFgpmr—o-.— gal 60min _f£ 1b

Conversion = ——»——— . ———— . —
748 BDSVsgp min  hr  7.48.gal g3

BDFsgp = 22331.20479 Ib/hr

Substitute the new values based on a steam generator pressure increase of 5% into equation 1:

QOriginal values New values based on steam tables
and interpolations

Hout = 1200.01294 Houtsgp = 1198.27519
Hin = 401.662 Hinsgp = 401.72308
BDSV = 0.02059 BDSVsgp = 0.02083
BDHout = 496.41 BDHoutsgp = 509.0099
BDF = 22624 BDFsgp = 22331.20479

SGTP := FF-(Houtsgp — Hinsgp) — BDFsgp-(Houtsgp — BDHoutsgp)
SGTP = 2.8056 x 10°

SGTP! := SGTP
SGTP2:= SGTP

CTPPCsgp := (SGTP1 + SGTP2)-K ~ NHL
CTPPCsgp = 99.63704 Percent Power

Therefore, a steam generator pressure signal error of 5% results in the following Thermal Power Error
(TPE):

CTPPCsgp — CTPPC
CTPPC

TPE:=

-100

TPE = -0.20789 Percent Thermal Power Error
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CONSIDER 5% FEEDWATER TEMPERATURE INPUT SIGNAL ERROR

Feedwater temperature and steam generator pressure is used to determine the enthalpy of the feedwater
(Hin) from the steam tables.

The following evaluates the effect upon Hin as a result of a 5% full span increase in feedwater
temperature:
Given:

Baseline Feedwater Temperature (FT) = 424 deg F

Feedwater Temperature Span (FTS) = 0 - 500 deg F per calibration card

FT =424 deg F

FTS:= 500 deg F

Add 5% full span error to the baseline feedwater temperature signal:
FT5:= 0.05-FTS + FT
FT5 =449 degF

Using the new feedwater temperature value and referring to the steam tables, perform interpolation to
determine new Hin value:

Determine new Hin value (FT5=x2 and SGP = y2):

y2 := SGP
x2:= FTS

yl := 700 y2 =726.35 y3 =750
x3:= 450 cx3yl:= 430.38 cx3y3 := 4304
x2 = 449
xl:= 440 cxlyl:= 419.24 cxly3 := 419.28

Determine cx3y2:
- 1
cx3y2:= M-(yz —yl) + cx3yl
y3 -yl

cx3y2 = 430.39054

Determine cx1y2:

cxly2:= M-(yz —yl) + cxlyl
3 -yl

cxly2 = 419.26108
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Determine cx2y2:
cx3y2 — cxly2

cx2y2 =
2 x3 —xl

(x2 - x1) + cx1y2_

cx2y2 = 429.27759
Hinft := cx2y2
Hinft = 429.27759

Substitute the new value based on a feedwater temperature increase of 5% into equation 1:

Original values New values based on steam tables
) and interpolations

Hin = 401.662 Hinft = 429.27759

SGTP := FF-(Hout — Hinft) — BDF-(Hout — BDHout)
SGTP = 2.71364 x 10°

SGTP1 := SGTP
SGTP2:= SGTP

CTPPCfwt:= (SGTPI + SGTP2)-K — NHL
CTPPCfwt = 96.3712 Percent Power

Therefore, a feedwater temperature signal error of 5% results in the following Thermal Power Error
(TPE): .

TPE :=

CTPPCfwt -~ CTPPC
CTPPC
TPE = -3.47881 Percent Thermal Power Error

100
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CONSIDER 5% INCREASE OF MOISTURE CARRYOVER (MCO)

MCO is not an input to the ERCS calculation but may need to be considered as an adjustment to the
ERCS calorimetric result. MCO reduces the efficiency of the Steam Generators since the moisture
displaces steam and the moisture contains a reduced enthalpy.

The following evaluates the effect upon thermal power as a result of a 5% error in estimating the MCO:

Given:
Baseline MCO =0.1788*%

MCO =0.001788

Add 5% error to the baseline MCO value:
MCOS5 := 0.05-MCO + MCO
MCOS = 0.00188

Recalculate thermal power based on the new MCO:

Hout := (1 — MCOS5)-Houtstm + MCOS-Houtwtr

SGTP := FF-(Hout — Hin) —~ BDF-(Hout — BDHout)

SGTP = 2.81122 x 10°
Assuming that any difference in operating parameters between the two Steam Generators is
insignificant:

SGTP1 := SGTP

SGTP2:= SGTP

CTPPCmco := (SGTP1 + SGTP2)-K — NHL
CTPPCmco = 99.83674 Percent Power

Therefore, an MCO increase of 5% results in the following Thermal Power Error (TPE):

CTPPCmco - CTPPC
CTPPC
TPE = -0.00789 Percent Thermal Power Error

TPE :=

100

Since the MCO Error:Thermal Power Error ratio is 634:1, it is mathematically insignificant and
will not be considered in Part 3 of this calculation.
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PART 3
DETERMINE FEEDWATER FLOW SIGNAL ERROR BASED bN IISCS CALCULATION

This section considers all the errors identified in Rev. 0 of ISCS calculation SPCNI018 for the Feedwater

Flow instruments and then converts each error into inwc (differential pressure) units:

2FE-466

Determine Accuracy of the FE:

afe := 0.005-FF (accuracy of flow element = 0.5% of true flow error per Assumption 4)
afe = 17707.5 (accuracy converted to flow (tb/hr))
FFfe:= afe + FF (New Feedwater Flow including flow error)

FFfe = 3.55921 x 10¢  Ib/hr

Convert to differential pressure (inwc):

2
Fdpfe:= _fFfe -InSpan
Knf-OutSpan

Fdpfe = 231.04 inwc

Subtract baseline flow differential pressure to obtain flow element error:

afe := Fdpfe - FFdp FFdp = 228.74679

afe =2.29319 inwc

2FT-495

Given:
Sft:= 369.3 inwc (Span) per Instrument Data Sheet
Rft:= 400 inwc (Range) per Make/Model Data Sheet

Determine Accuracy of the FT:
aft := 0.1-%-Rft inwc per Make/Model Data Sheet
aft =04 inwc

Determine Drift of the FT:

18 inwc per Make/Model Data Sheet for a Drift Time of 12 months per
dft := 0.25-%.25.1.25.— Make/Model Data Sheet and a Calibration Interval of 18 months per the
12 Instrument Data Sheet

dft = 0.11719 inwe
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Determine Temperature Effect of the FT:

- i k Dat t f 5t
(R := 0.25-%-Sft 105 - 65 inwc per Make/Model Data Sheet for a 65 to 105 deg F

tft = 0.7386

temp change per Environmental Conditions Data Sheet

inwc

Determine Static Pressure Effect, Zero of the FT:

spezft:= 0.2-%-Sft
spezft = 0.7386

inwe per Make/Model Data Sheet

inwc

Determine Power Supply Effect of the FT:

pft:= 0.005-%.Sft
pft = 0.01847

inwc per Make/Model Data Sheet

inwc

Determine M&TE Error for M&TE Device 1 of the FT:

mft, := 0.9

inwe per Instrument Data Sheet

Determine M&TE Error for M&TE Device 2 of the FT:

mftvy := 0.00291

vdce per Instrument Data Sheet

Convert vdc to inwc: (0.1 - 0.5 vdc corresponds to 0 - 369.3 inwc and the point of interest is at a
differential pressure of 228.7 (FFdp) inwc):

Solve for voltage at poin

t of interest:

’228.7
0i:= |———-(0.5-0.1) + 0.1
P 369.3 ( )

vpoi = 0.41478

Add m&te voltage error:

vpoi + mftv, = 0.41769

vdc

Solve for new differential pressure:

mdpﬁ”:( 0.5~ 0.1

mdpft, = 232.95198

0.41769 — 0.1

2
) -369.3

inwe
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Subtract baseline flow differential pressure to obtain m&te error:

mfty ;= mdpfty — 228.7

mfty = 425198 inwc

2F2511A (ERCS)’
Given:
Rercs:= 0.64 vdc Range per lISCS vendor screen

Determine Accuracy of the ERCS point:

afercsv := 0.03706-%-2-Rercs vdc per Make/Model Data Sheet
afercsv = 0.00047 vde

Convert vdc to inwe: (0.1 - 0.5 vdc corresponds to 0 - 369.3 inwc and the point of interestis at a
differential pressure of 228.7 inwc):

Solve for voltage at point of interest:

228
oi = 0.5-0.1)+ 0.1
o= 3693 ¢ )
vpoi = 0.41478 vdc

Add ERCS accuracy voltage error:
vpoi + afercsv = 0.41525 vdc

Solve for new differential pressure:

2
afercsdpft := 941525 - 0.1\ 5495
0.5-0.1

afercsdpft = 229.38738 inwc

Subtract baseline flow differential pressure to obtain ERCS accuracy:

afercs := afercsdpft — 228.7

afercs = 0.68738 inwc
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Determine Temperature Effect of the ERCS point:

25  vdc per Make/Model Data Sheet for a 25 deg F temp
tfercsv := 0'008584°%'2'R°'°s"l"8' change per Environmental Conditions Data Sheet

tfercsv = 0.00153 vde

Convert vdc to inwe: (0.1 - 0.5 vdc corresponds to 0 - 369.3 inwe and the point of interestis at a
differential pressure of 228.7 inwc):

Solve for voltage at point of interest:

2287
0i:= 0.5~ 0.1) + 0.1
vp 3693 ( )

vpoi = 0.41478 vde

Add ERCS temperature effect voltage error:

vpoi + tfercsv = 0.4163 vdc

Solve for new differential pressure:

2
4163 ~ 0.
tfercsdpft := ——041 3-0.1 -369.3
0.5-0.1

tfercsdpft = 230.91796 inwc

Subtract baseline flow differential pressure to obtain ERCS temperature effect:
tfercs ;= tfercsdpft — 228.7

tfercs = 2.21796 inwc

Determine M&TE Error of the ERCS point:
mfercsv := 0.00031813 vdc per Instrument Data Sheet

Convert vdc to inwc: (0.1 - 0.5 vdc corresponds to 0 - 369.3 inwc and the point of interest is at a
differential pressure of 228.7 inwc):

Solve for voltage at point of interest:

228
ol 1= 0.5-0.1) + 0.1
P 369.3 3693 ¢ )

vpoi = 0.41478 vdc
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Add ERCS voltage error:
vpoi + mfercsv = 0.4151 vde

Solve for new differential pressure:

2
mfercsdpft = 04151 - 0.1 -369.3
0.5-0.1

mfercsdpft = 229.16914 inwc

Subtract baseline flow differential pressure to obtain ERCS mé&te error:

mfercs := mfercsdpft — 228.7
mfercs = 0.46914 inwe

Combine all flow errors:

stssf = J afe? + aft® + dft% + R + spf:zft2 + pft2 + (mft,)2 + (m'ﬂz)2 + afercs® + tfercs® + mfercs”

srssf = 5.57002 inwc

Add this feedwater flow error to the baseline flow differential pressure of 228.7 inwc to obtain
feedwater flow differential pressure max:

FFdpmax := srssf + FFdp

FFdpmax = 234.31681 inwc

Convert this max dp to max feedwater flow:

FFmax := Knf- | LLoPM2X . tSpan
InSpan

FFmax = 3.58436 x 10° tb/hr

Substitute the new Feedwater flow into equation 1:

SGTP := FFmax-(Hout — Hin) — BDF-(Hout — BDHout)
SGTP = 2.84543 x 10°

SGTPI := SGTP
SGTP2 := SGTP

CTPPCffmax := (SGTP1 + SGTP2)-K — NHL
CTPPCffmax = 101.05184 Percent Power
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Therefore, the feedwater flow signal error results in the following Thermal Power Error (TPE):

_ CTPPCffimax — CTPPC
CTPPC

TPEffmax :

100
TPEffmax = 1.20911 Percent Thermal Power Error
DETERMINE STEAM GENERATOR PRESSURE SIGNAL ERROR BASED ON IISCS CALCULATION

This section considers all the errors identified in Rev. 0 of IISCS calculation SPCNI018 for the Steam
Generator Pressure instruments and then converts each error into psig units:

2PT-468

Given:
Spt:= 1400 psig Span per Instrument Data Sheet
Rpt := 3000 psig Range per Make/Mode! Data Sheet

Determine Accuracy of the PT:
apt := 0.25-%-Spt psig per Make/Model Data Sheet
apt = 3.5 psig

Determine Drift of the PT:

18 psig per Make/Model Data Sheet for a Drift Time of 30 months per
dpt := 0.2.% Rpt-— Make/Model Data Sheet and a Calibration Interval of 18 months
30 per the Instrument Data Sheet

dpt =3.6 psig

Determine Temperature Effect of the PT:

65

tpt:= (0.75-%-Rpt + 0.5-%-Spt)-—10?0_—0 psig per Make/Model Data Sheet for a 65 to 105 deg F

temp change per Environmenta!l Conditions Data Sheet
tpt=11.8 psig

Determine Power Supply Effect of the PT:

ppt = 0,00S-%-Spt-ﬁé psig per Make/Model Data Sheet for a 4.3 volt power supply stability (PSS)
per section 5.1.3

ppt = 0.301  psig

Determine M&TE Error for M&TE Device 1 of the PT:

mpt; ;= 6.0 psig per Instrument Data Sheet
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Determine M&TE Error for M&TE Device 2 of the PT:
mptv, := 0.00291vdc per Instrument Data Sheet

Convert vdc to psig (0.1 - 0.5 vdc corresponds to 0 - 1400 psig):

mpty := %-0.00291

mpt, = 10.185 psig

2PM4688B

Given:

Spm:= 0.4 vdc Span per per Instrument Data Sheet

Determine Plant Specific Drift (includes accuracy and' r}m&te érror) of the PM:
dpmv := 0.325-%-Spm per ISCS Make/Model Data Sheet
dpmv = 0.0013 vdc

Convert vdc to psig (0.1 - 0.5 vdc corresponds to 0 - 1400 psig):

_ 1400-0

dpm
P 05-0.1

-0.0013
dpm = 4.55 psig

2P0400A (ERCS)

Given:

Rercs ;= 0:64 vdc Range per Make/Model Data Sheet

Determine Accuracy of the ERCS point:
apercsv := 0.03706-%-2-Rercs vdc accuracy per Make/Model Data Sheet
apercsv = 0.00047 vdc '

Convert vdc to psig (0.1 - 0.5 vdc corresponds to 0 - 1400 psig):

1400 -0
apercs := ———-0.00047
05-0.1
apercs = 1.645 psig
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Determine Temperature Effect of the ERCS point:

tpercsv := 0.008584-2-%-Rercs~—22 vdc per Make/Model Data Sheet for a 25 deg F temp
change per Environmental Conditions Data Sheet

tpercsv = 0.00153 vdc

Convert vdc to psig (0.1 - 0.5 vdc corresponds to 0 - 1400 psig):

tpercs := 13000, 00153
0.5-0.1

tpercs = 5.355 psig

Determine M&TE Error of the ERCS point:
mpercsy := 0.00031813 vdc per Instrument Data Sheet

Convert vdc to psig (0.1 - 0.5 vdc corresponds to 2 - 1400 psig):

mpercs := 14900 , 60031813
0.5-0.1

mpercs = 1.11346  psig

Determine Steamline Pressure Correction Error based on Westinghouse input (Ref. 50):
Wpe := 9.65:10-%

Wpe = 0.965  psig

Combine all pressure errors:

Srssp := J apt2 + dpt2 + tpt2 + ppt2 + (mptl)2 + (mptz)2 + dpm2 + apercs2 + tpercs2 + mpercs2 + Wpc2

srssp = 18.9349  psia
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Add this steam generator pressure error to the baseline steam generator baseline pressure of 726.35
psia to obtain steam generator pressure max:

SGPmax := srssp + SGP
SGPmax = 745.2849 psig

Using the new steam generator pressure value and referring to the steam tables, perform interpolations to
determine new Hout, Hin, BDSV and BDHout values:

Determine new Hout value based on the Steam Generator Pressure Change (SGPmax = x2):
x2 := SGPmax

x3:= 750 cx3 = 1200.7
x2 = 745.2849

x1 := 740 cx1 := 1200.9
cx2 = -CX3——CX1-~(x2 - x3) + cx3
x3 -x1

cx2 = 1200.7943
Houtsgpmaxstm := cx2
Houtsgpmaxstm = 1200.7943
Determine new Houtwtr value based on the Steam Generator Pressure Max (SGPmax = x2):

x2 := SGPmax

x3:= 750 cx3:= 5009
x2 = 745.2849
x1:= 740 cx1:= 499.1

cx2 = M-(ﬂ ~x3) + ¢cx3
x3 - x1

cx2 = 500.05128

Houtsgpmaxwtr := cx2
Houtsgpmaxwtr = 500.05128

Correct Houtsgp for MCO value provided by Westinghouse

Houtsgpmax := (1 — MCO)-Houtsgpmaxstm + MCO-Houtsgpmaxwtr

Houtsgpmax = 1199.54137
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Determine new Hin value based on the Steam Generator Pressure Change (FT = x2 and SGPmax = y2):

y2 ;= SGPmax
x2:=FT

yl := 700 y2 = 745.2849 y3 = 750
x3:= 430 cx3yl := 408.20 cx3y3 = 408.25
X2 = 424
x1:= 420 cxlyl := 397.26 cxly3 := 397.31

Determine cx3y2:
cx3y3 — cx3yl

cx3y2:=
T T

-(y2 — y1) + cx3yl
cx3y2 = 408.24528

Determine cx1y2:

exly3 —cxlyl

cxly2 =
v y3 -yl

«(y2 - y1) + cxlyl
cxly2 = 397.30528

Determine cx2y2:

cx3y2 - cxly2

cx2y2:=
Y x3 —xl

-(x2 — x1) + cx1y2

cx2y2 = 401.68128

Hinsgpmax := cx2y2
Hinsgpmax = 401.68128
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Determine the new Blowdown temperature (BDSVtmpsgp) based on saturated conditions:

x2 := SGPmax

x3:= 750 c¢x3:= 510.84
x2 = 745.2849
x1:= 740 cx1 := 509.32

cx2:= M-(XZ —x3) + cx3
x3 - x1
cx2 = 510.1233

BDSVtmpsgp := cx2
BDSVtmpsgp = 510.1233

Determine the new Blowdown specific volume (BDSVsgp) based on compressed water conditions:
x3 := BDSVtmpsgp

y2 := SGPmax + 1835 psi difference between corrected steam generator pressure
and blowdown pressure per Westinghouse (Ref. 50)

yl = 750 y2 = 763.6349 y3 := 800

x3 = 510.1233

x2:= 500 cx2yl := 0.02042 cx2y3 = 0.02041
x1 := 490 cxlyl := 0.02018 cxly3:= 0.02017

Determine cx3y1:

cx3yl = X

x1 -(cx2yl ~ cxlyl) + cxlyl
x2 ~xl1

cx3yl = 0.02066

Determine cx3y3:

1
cx3y3 = "l (cx2y3 — cxly3) + cxly3
X

x2 -

cx3y3 = 0.02065
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Determine ¢cx3y2:
x3y3 — cx3y
2.5 o, 5 A8 l-(yz —yl) + cx3yl

cx3y2 =
Y y3 -yl

cx3y2 = 0.02066

BDSVsgpmax := cx3y2
BDSVsgpmax = 0.02066

Determine the new Blowdown Enthalpy (BDHout) based on compressed water conditions:

x3 := BDSVtmpsgp
y2 := SGPmax + 18.35 psi difference between corrected steam generator pressure and blowdown

pressure per Westinghouse (Ref. 50)

yl := 750 y2 = 763.6349 y3 := 800
x3 = 510.1233
x2:= 510 cx2yl := 499.88 cx2y3 := 499.84
x1 := 500 cxlyl := 487.90 cxly3 = 487.88

Determine cx3y1:

3 -
x3 - xl -(ex2yl - cxlyl) + cxlyl
x2 —x1

cx3yl =

500.02772

I

cx3yl

Determine cx3y3:

3 - xl
R (ex2y3 - cxly3) + cxly3
x2 - x1

cx3y3 =
cx3y3 = 499.98747

Determine cx3y2:
cx3y2:= M-(yz - yl) + cx3yl
y3 -yl
cx3y2 = 500.01674

BDHoutsgpmax := cx3y2
BDHoutsgpmax = 500.01674
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Use the new Blowdown specific volume (BDSV) to calculate the new Blowdown compensated flow (BDF):

’ ) . 3
BDFsgpmax := BDFgpm-—>-. ! Conversion ;= 221 80min _ 7 1b
7.48 BDSVsgpmax ; min  hr  748-gal g3
BDFsgpmax = 22518.65489 Ib/hr

Substitute the new values based on the change of steam generator pressure into equation 1:

Original values New values based on steam tables '
and interpolations

Hout = 1199.94994 Houtsgpmax = 1199.54137
Hin = 401.662 Hinsgpmax = 401.68128
BDSV = 0.02059 BDSVsgpmax = 0.02066
BDHout = 496.41 BDHoutsgpmax = 500.01674
BDF = 22624 BDFsgpmax = 22518.65489

SGTP := FF-(Houtsgpmax — Hinsgpmax) — BDFsgpmax-(Houtsgpmax — BDHoutsgpmax)
SGTP = 2.80987 x 10°

SGTP1 := SGTP
SGTP2 := SGTP

CTPPCsgpmax := (SGTP! + SGTP2)-K — NHL
CTPPCsgpmax = 99.78876 Percent Power

Therefore, the steam generator pressure signal error results in the following Thermal Power Error (TPE):

CTPPCsgpmax — CTPPC 1100

TPEsgpmax :=
Ep CTPPC

TPEsgpmax = —0.05593 Percent Thermal Power Error
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DETERMINE FEEDWATER TEMPERATURE SIGNAL ERROR BASED ON IISCS CALCULATION

This section considers all the errors identified in Rev. 0 of IISCS calculation SPCNI018 for the Feedwater
Temperature instruments and then converts each error into deg F units:

2TE-498

Determine Accuracy of the TE:

Per Calculation SPCNI018, assumption 6, the accuracy of the feedwater temperature RTD is
0.17293% of Reading (ohms).

Determine the Reading at the baseline feedwater temperature value of 424 deg F (92.893-197.474
ohms corresponds to 0-500 deg F):

Reading := 197474 - 92.893 424 + 92.893 ohms
500 -0

Reading = 181.57769 ohms

Determine accuracy of the TE in ohms:
ateo := 0.17293-% Reading
ateo = 0.314 ohms

Determine the equivalent accuracy of the TE in deg F:

e:= 0020 5314
197.474 — 92.893

ate = 1.50123 deg F
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Determine Drift of the TE:

Attachment A

Per Calculation SPCNI018, assumption 6, the drift of the feedwater temperature RTD is 0.84250%

of Reading (Q).

Determine the Reading at the baseline feedwater temperature value of 424 deg F (
{92.893-197.474 ohms corresponds to 0-500 deg F): ):

Reading := 197.474 - 92.893 -;124 + 92.893 ohms
500 -0

Reading = 181.57769 ohms

Determine drift of the TE in ohms:
dteo := 0.84250-% Reading
dteo = 1.52979 ohms

Determine the equivalent drift of the TE in deg F:

fe:= 197.457040 - 902.893 15297
dte = 7.3139 deg F
2T1-498
Given:
Stt:= 197.47 — 92.89 ohms Span per Instrument Data Sheet
Stt = 104.58 " ohms

Determine Plant Specific Drift of the TT (includes accuracy and temp effects):
dtto:= 0.28793 ohms per Assumption 11
Convert ohms to deg F (92.89 - 197.47 ohms cormresponds to 0 - 500 deg F):

500 -0

= ———0.28793
197.47 - 92.89

dtt = 1.3766 degF
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Determine Power Supply Effect of the TT:

ptto := 0.0025-%-Stt--2- ohms per Make/Model Data Sheet for a 2 volt
1 power supply stability (PSS) per section 5.1.3

ptto = 0.00523 ohms

Convert ohms to deg F (92.89 - 197.47 ohms cormresponds to 0 - 500 deg F):

500 -0

ptt 1= ———————.0.00524
197.47 — 92.89

ptt = 0.02505 deg F
2T0418A (ERCS)
Given:
Rercs := 0.64 vdc Range per Make/Model Data Sheet

Determine Accuracy of the ERCS point:

atercsv := 0.03706-%-2-Rercs vdc per Make/Model Data Sheet
atercsv = 0.00047 vde

Convert vdc to deg F (0.1 - 0.5 vdc corresponds to 0 - 500 deg F):

atercs ;= M-O.OOOM
0.5-0.1

atercs = 0.5875 deg F

Determine Temperature Effect of the ERCS point:

vdc per Make/Model Data Sheet for a 25 deg F temp

25
ttercsv := 0'008584’2'%'R°r°s"§ change per Environmental Conditions Data Sheet

ttercsv = 0.00153

Convert vdc to deg F (0.1 - 0.5 vdc corresponds to 0 - 500 deg F):

ttercs := —;—(ﬂ:%-o.oowz

ttercs = 1.15 deg F
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Determine M&TE Error of the ERCS point:

mtercsy := 0.00031813 vdc per Instrument Data Sheet
Convert vdc to deg F (0.1 - 0.5 vdc corresponds to 0 - 500 deg F):

mtercs := —5—0-(-)_—0-0.00031813
0.5-0.1

mtercs = 0.39766 deg F

Combine all temperature errors:

srsst = J ate” + dte? + dtt® + ptt2 + atercs + ttercs” + mtercs”

srsst = 7.71157 deg F

Calculation SPCNI018 Rev. 0
Attachment A

Add this feedwater temperature error to the baseline feedwater temperature of 424 deg F to obtain

feedwater temp max:

FTmax := srsst+ FT
FTmax = 431.71157 deg F

Using the new feedwater temperature value and referring to the steam tables, perform interpolation to

determine new Hin value:

Determine new Hin value (FTmax =x2 and SGP = y2):

y2 := SGP
x2 := FTmax

yl := 700 y2 =726.35 y3 =750
x3 := 440 cx3yl := 419.24 cx3y3 = 419.28
x2 =431.71157
x1:= 430 cxlyl := 408.2 cxly3 := 408.25

Determine cx3y2:
cx3y2:= ————;—~(y2 —y1) + cx3yl
y

cx3y2 = 419.26108

Page 105 of 107



Originated: J. Harrison 7/16/95 Calculation SPCNI018 Rev. 0
Reviewed: T. VerBout 9/27/95 Attachment A

Determine cx1y2:
cxly3 — cxlyl

cxly2:=
Y y3 -yl

(y2 = yl) + cxlyl
cxly2 = 408.22635

Determine cx2y2:

ox2y2i= SOV2Z XYL o X1y + exly2
x3 —xl1

cx2y2 =410.11502
Hinftmax := cx2y2
Hinftmax = 410.11502
Substitute the new value based on the feedwater temperature error into equation 1:

QOriginal value New value based on steam tables
and interpolations

Hin = 401.662 Hinftmax = 410.11502

SGTP := FF-(Hout — Hinftmax) — BDF-(Hout — BDHout)
SGTP = 2.78128 x 10°

SGTP1 := SGTP
SGTP2:= SGTP

CTPPCftmax := (SGTP1 + SGTP2)-K - NHL
CTPPCftmax = 98.77354 Percent Power

Therefore, the feedwater temperature signal error results in the following Thermal Power Error (TPE):

CTPPCftmax - CTPPC 1
CTPPC

TPEftmax :=

00

TPEftmax = -1.07274 Percent Thermal Power Error
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DETERMINE NET HEAT INPUT UNCERTAINTY

Per Westinghouse's input, the Net Heat Input Uncertainty is +/- 12% of 7.1 MWt
NHI := 12-%-7.1
NHI = 0.852 MWt

TPENHI := w-lOO
1650

TPENHI = 0.05164 Percent Thermal Power Error

PART 4

Combine all Thermal Power Errors to yield Calorimetric Uncertainty:

CalUncertainty := | TPEffmax® + TPEsgpmax® + TPEfimax® + TPENHE

CalUncertainty = 1.61818 Percent of full power

Calculation SPCNI018 Rev. 0
Attachment A

Therefore, the uncertainty of the Calorimetric Calculation, as determined by ERCS, and modified to include

Westinghouse's input, would be approximately +/- 1.62%
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1.0 PURPOSE/RESULTS

1.1.  Purpose and Acceptance Criteria

The purpose of this calculation is to determine the uncertainty associated with the plant's NIS
Power Range reactor power indication at the NIS racks. The result of this calculation will be
used as a design input for Westinghouse-based transient analyses.

Because of the similarities between various NIS Power Range channels, this calculation is
performed for channel 1N41 but is applicable to any Unit 1 or Unit 2 NIS Power Range channel.
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1.2. Results
POWER RANGE DETECTOR CURRENT METER
The total Loop Error'(T LE) for this instrument strihg is +1.1965 -1.1965 percent of span.

The results of this calculation show that the NIS Power Range indication uncertainty (rack
indicator) is +1.436% RTP.
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2.0 METHODOLOGY

2.1.

The following equations are based on the "Two Loop Group Setpoint Methodology,"
Revision 0, prepared by TENERA, L.P. for Northemn States Power Company, Wisconsin
Public Service Corporation, and Wisconsin Electric Power Company. This methodology
is based on ISA Standard S67.04-1987, Setpoints for Nuclear Safety-Related
Instrumentation Used in Nuclear Power Plants.

Calculation of Total Loop Error (TLE)

Total Loop Error (TLE) = The Square Root of the Sum of the Squares (SRSS) of the
Random terms =+ the sum of the Bias terms, or:

TLE,, = SRSS + Bias positive terms

and
TLE,., = - SRSS - Bias negative terms

For normal conditions:

SRSS = (A +Dy+ M+ OPEg + SPEZ; + SPES; + Py + Ty + Ry + Hyg + READ
+PEA\g 2+ PMAi 2+ PCyy D)2

Bias,, = Dg, + OPEy, + SPEZy, + SPES;, + Py, + Ty, + Ry, + Hyp, + PEA, +
PMAg, + PCy,

Bias,, = Dy, + OPEg, + SPEZ;, + SPES,, + Py, + Typ, + Ry, + Hyga + PEAp, +
PMAg, + PCy,

For accident conditions:

SRSS = (A+Dg+M+OPE + SPEZ, + SPES, + Py + Tag + Ryg + Hog + READ
+ SPTy + PEA,z 2+ PMA,; 2+ PC,; 9)'?

Bias,, = Dp,+ OPEg, + SPEZy, + SPES;, + Py, + Ty, + Ruw, + Hugy + PEAy, +
PMA 5, + PCpp, + IRy, + SPT,,
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Bias

neg

D, + OPE,, + SPEZBn + SPES,, + Py, + Ty, + RANB,, + H,p, + PEA .+
PMA 5, + PC,g, + IR, + SPT,

For loss of non-seismic HVAC due to a seismic event:

SRSS

Bias,,,

Bias,,

(A + Dy + M + OPE, + SPEZ, + SPES, + Py + Tyss + Rug + Hysg + Sg +
READ + PEA g 2+ PMA >+ PCy )"

Dy, + OPEy, + SPEZ, + SPES;, + Py, + Tyss, + Rymy + Hygsp + Sgp +
PEA, + PMAg, + PCyy.

DBn + OPEBn + SPEZBn + SPESBn + PBn + TNSBn + RNBn + HNSBn + SBn +
PEAp, + PMA, + PCyp,

For Post Accident conditions:

SRSS

Bias,,,

Bias

neg

Where:

OPE

(A + Dg + M + OPE;, + SPEZ, + SPES; + Py + Ty + Ryg + Hyg + PDBE;
+ READ + PEA;  PMA 2+ PCy2)"?

Dy, + OPE,, + SPEZ, + SPES,, + Py, + Ty, + Ry, + Hyg, + PDBE,, +
PEA\p, + PMAyg, + PCyp, '

D, + OPEy,, + SPEZ,, + SPESy, + Py, + Ty, + Ry, + Hyp, + PDBE,, +
PEA g, + PMA,g, + PCyp,

The sum of the squares of all of the random device accuracies (a).
The sum of the squares of all of the random device drift effects (d).
The sum of the squares of all of the random device M&TE effects (m).

The sum of the squares of all of the random device over pressure effects
(ope).
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SPEZ = The sum of the squares of all of the random device static pressure zero
effects (spez).

SPES = The sum of the squares of all of the random device static pressure span
effects (spes).

P = The sum of the s'quares of all of the random device power supply effects
®-

T = The sum of the squares of all of the random device temperature effects (t).

R = The sum of the squares of all of the random device radiation effects (r).

H = The sum of the squares of all of the random device humidity effects (h).

S = The sum of the squares of all of the random device seismic effects (s).

READ = The square of the indicator readability term (read).

PEA = The primary element accuracy.

PMA = The process measurement accuracy.

PC = The sum of all of the process considerations.

IR = The error introduced by insulation resistance.

PDBE = The sum of the squares of all of the random device post design basis event

effects (pdbe).

The subscripts are defined as follows:

A

N

Il

For accident conditions only.
For normal conditions only.

For cumulative accident and normal conditions.
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NS = For loss of non-seismic HVAC conditions only.

R = A Random term.

Bp = A Bias positive term.

Bn = A Bias Negative term.

Notes:

1. When a device's setting tolerance is greater than its accuracy, then the setting
tolerance is used in place of that device's accuracy. .

2. When accident conditions are being evaluated and a Steam Pressure/Temperature
(SPT) effect is given on the vendor screen, the SPT effect will automatically be
substituted for T, and H,.

3. During all conditions, when Plant Specific Drift is entered on the vendor screen,

22

accuracy, M&TE effect, normal temperature effect, normal radiation effect, and
normal humidity effect for that device default to zero since they are all considered
to be included in the Plant Specific Drift value. During the calculation, the option
to override the default for each effect is given. -

Calculation of the Nominal Trip Setpoint (NTSP) for Safety Related Calculations

For an increasing process: NTSP = AL - TLE

neg

For a decreasing process: NTSP = AL+ TLE,,

Where:

AL

= Analytical Limit
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2.3.  Calculation of the Nominal Trip Setpoint (NTSP) for Non-Safety Related Calculations

For an increasing process:  NTSP =PL - TLE_,
For a decreasing process: NTSP =PL + TLE,,,

Where:

PL = Process Limit

2.4. Calculation of Allowable Value (AV)

The term AV applies to safety related calculations only. Operational Limit (OL) is the
equivalent term for non-safety related calculations.

For an increasing process: AV =NTSP +1LD + LDy,

For a decreasing process: AV=NTSP-LD-LD;,
Where: ‘

LD (Loop Drift) = (A + Dy + M + Ryp)"?
LDg, = Dy, + Ry,
LDBn = DBn + RBn

2.5. Calculation of Operational Limit (OL)

The term OL applies to non-safety related calculations only.
For an increasing process: OL =NTSP + LD + LDy,

For a decreasing process: OL=NTSP-1LD-LD,,
Where:

LD (Loop Drift) = (A + Dy + M + Ry;)"?
LDy, = Dy, + Ry,
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2.6.

LDBn = DBn + RBn

Calculation of Rack Allowance (RA)

The term RA applies to safety related calculations only. There is no equivalent term for
non-safety related calculations.

For an increasing process: RA =NTSP +RD + RDj,
For a decreasing process: RA =NTSP - RD - RDy,
Where:

RD (Rack Drift) = (A + Dy + M + Ry)"?
RD;, = Dy, +Ry,
1{.l)Bn = DBn + RBn

Note: Rack Drift includes the effects from all loop devices excepf the sensor.
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3.0 ASSUMPTIONS

1. This calculation was performed using normal environmental conditions; accident operating
times have been set to zero.

2. As described in Section 2.2.4.1 of Reference 5, "The current signals from the two detector
sections are summed, then averaged by Summing and Level Amplifier NM310 to produce a
single voltage which is proportional to average reactor current.". The two detector sections are
identical, each consisting of an upper (or lower) Power Range Detector and a Detector Current
Meter. Per PINGP's Setpoint Methodology, because these two input channels are averaged, their
resulting uncertainties can be averaged. In this calculation, averaging of the two Summing and
Level Amplifier input channel uncertainties is accomplished by including only one Power Range
Detector and one Detector Current Meter in the instrument loop.

3. This calculation applies to all eight Unit 1 and Unit 2 Power Range instrumentation loops (i.e.,
channels N41, N42, N43, and N44).

4. Reference 5 Section 1.4.3.1 states that the summing and level amplifier (Westinghouse model
3359C48G01) has a stability (i.e., drift) of 0.1% per 100 hours. Therefore, the vendor drift time
is shown as 100 hours/ 730 hours per month = 0.137 months.

5. For NI-303 , the MCDS input units and tolerance are shown in vdc (rather than mvdc as shown
on the calibration cards) in order to match the scale units on the associated M&TE device.

6. Since there are no gain values associated with the 2 inputs from the detector current meters to
the summing amplifier (i.e., gain = 1), the summer may be treated as a linear device. Therefore,
the standard SRSS method of combining errors is valid for this calculation and the standard ISA
summer error propagation equation does not need to be used.

7. The calibration interval for the summing and level amplifier (NM310) is daily in accordance
with Surveillance Procedure SP 1005 (Reference 16). Therefore, the MCDS calibration interval
is: [(1 day)/(365 days/yr)] x [12 months/yr] = 0.033 months. An additional factor of 2 will be
added to allow for the surveillance to be performed up to 48 hours (two days) apart. 2 x 0.033
months = 0.066 months. The setting tolerance is 0.5% (i.e., 0.5% * 10 vdc = 0.05 vdc) per SP
1005, Section 7.6.

8. Per Ref. 5, the input to indicator NI-303 is a 0.0-1.0 mA signal derived from the output of the
NI channel's summing and level amplifier. During calibration, the indicator input signal is
measured across a precision test point resistor on the meter's printed circuit card, such that 0.0-



Calc. No: SPCREO005 Originated By: Brian K. Rogers Date: 02/14/2003

Calc. Rev: 0 Reviewed By: Bob Woodling Page 13 of 51

120.0 mV measured at the test points corresponds to 0.0-1.0 mA input to the meter circuit, which
in turn corresponds to 0-120% RTP on the indicator display. Since 0.0-120.0 mV is used as the
input signal for calibration, the MCDS record for NI-303 lists 0.0-120.0 mV as the input span.
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4.0 DESIGN INPUT

4,1. Form 1: Loop/Process Data Sheet

Loop ID 1N41

Configuration No. | 9

Loop Description Power Range Neutron Flux
Process Span (PS) | 0 To 120.00 PCT
Analytical/ Process | 120.00 PCT

Limit (AL/PL)

Normal Operation | 100.00 PCT

Upper Limit

(NOUL)

Normal Operation | 0 PCT

Lower Limit

(NOLL)

Process Max Op PSIG

Pressure (PMOP)

Process Normal PSIG

Op Pressure

(PNOP)

Operating Time Min: 0 Hours
(Accident) Max: 0 Hours
Setpoint Direction | I
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4.2. Form 2: Instrument Data Sheet

1
Instrument Tag No. 1NE-41
Function U
Other Tag No.
System - NI - -
Functional Description POWER RANGE UPPER DETECTOR
Rack/Panel No. -
Power Supply Tag No. - 1N41-NQ303
EQ Zone - CNTA1l -
Elevation ft in~
Column
Row
Manuf. Name WESTINGHOUSE
Model Number WL-23686
EQ No
Seismic Category YES
QA Elec. X11FN
QA Mech.
Input Span (CS) 0 To 120.00 PCT
Output Span (OS) 0 To 0.40000 VDC
Readability (read)

Surveillance/Calib. Procedure

SP 1006A, SP 1006B, SP 1006C

Calibration Interval (CI)

24.000 Months

Device Setting Tol. Allowance (st)

1.0*a

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl:

To

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2:

To

Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3:

To

Device M&TE Allowance mte4 :

Device M&Te Cal Span mtecs4:

Device M&TE Allowance mte5 :

Device M&TE Cal Span mtecs5:

To
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1

Instrument Tag No. 1N41-NI301

Function

Other Tag No.

System NI

Functional Description POWER RANGE DETECTOR CURRENT METER

Rack/Panel No.

Power Supply Tag No. 1N41-NQ301

EQ Zone CNLRM

Elevation 735.00 fi in

Column

Row

Manuf, Name WESTINGHOUSE

Model Number 8242C46G01

EQ No

Seismic Category YES

QA Elec. XN2FN

QA Mech.

Input Span (CS) 0 To 0.40000 VDC

Qutput Span (0S) 0 To 0.40000 VDC

Readability (read)

Surveillance/Calib. Procedure SP 1318.3

Calibration Interval (CD) 24.000 Months

Device Setting Tol. Allowance (st) | 0.00003

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecs1:

1.0448e-03 VDC

0 To 2.0000 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2: To
Device M&TE Allowance mte3 :
Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mte5 :
Device M&TE Cal Span mtecs5: To
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1
Instrument Tag No. - - 1N41-NM310 -
Function -
Other Tag No. - - - -
System NI I - -
Functional Description POWER RANGE -SUMMING & LEVEL AMPLIFIER
Rack/Panel No. - - -
Power Supply Tag No. 1N41-NQ301
EQ Zone - CNLRM - -
Elevation - . 735.00 ft - in
Column “ - -
Row - -
Manuf. Name - WESTINGHOUSE -
Model Number 3359C48G01 - -
EQ - No. . .
Seismic Category -YES
QA Elec. - - X11FT -
QA Mech. - - - -
Input Span (CS) - - 0 To 0.40000 -VDC :
Output Span (0S) - - - - 0 To 10.000 VDC
Readability (read) -
Surveillance/Calib. Procedure - SP 1318.3, SP 1005
Calibration Interval (CI) 0.06000 Months
Device Setting Tol. Allowance (st) -} 0.05 S

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecsl:

0.01240 VDC -

0 To 20.000 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecs2:

1.0448e-03-VDC

0 To 2.0000 VDC

Device M&TE Allowance mte3 :

Device M&TE Cal Span mtecs3:

To

Device M&TE Allowance mted4 :

Device M&Te Cal Span mtecs4:

To

Device M&TE Allowance mte5 :

Device M&TE Cal Span mtecs5:

To
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1

Instrument Tag No. IN41-NI303
Function
Other Tag No.
System NI
Functional Description POWER RANGE DETECTOR CURRENT METER
Rack/Panel No. -
Power Supply Tag No. 1N41-NQ301
EQ Zone CNLRM
Elevation 735.00 ft in
Column -
Row
Manuf. Name WESTINGHOUSE
Model Number 8242C46G01
EQ No
Seismic Category YES
QA Elec. XN2FN
QA Mech.
Input Span (CS) 0 To 0.12000 VDC
Qutput Span (OS) 0 To 120.00 PCT
Readability (read)
Surveillance/Calib. Procedure SP 1318.3
Calibration Interval (CI) 24.000 Months
Device Setting Tol. Allowance (st) | 0.00003

Device M&TE Allowance mtel :

Device M&TE Cal Span mtecs1:

1.0448e-03 VDC

0 To 2.0000 VDC

Device M&TE Allowance mte2 :

Device M&TE Cal Span mtecsS5:

Device M&TE Cal Span mtecs2: To
Device M&TE Allowance mte3 :
Device M&TE Cal Span mtecs3: To
Device M&TE Allowance mte4 :
Device M&Te Cal Span mtecs4: To
Device M&TE Allowance mte5 :

To
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4.3. Form 3: Make/Model Data Sheet

Manuf. Name WESTINGHOUSE

Model Number WL-23686

Range Min:0 Units:PCT
Max:120.00

Design Pressure PSIG

Vendor Accuracy 0.5%*R

Allowance (va)

Vendor Drift 0

Allowance (vd) - \

Drift Time (DT) 1.0000 Months

Linear or Non-Linear?
Vendor or Plant-Specific?

<t

Vendor Temp Effect 0

(vte)

Vendor Humidity 0
Effect (vhe)

Vendor Over Pressure 0
Effect (vope)

Vendor Static Pressure | O
Effect Zero (vspez)

Vendor Static Pressure | O
Effect Span (vspes)

Vendor Power Supply | O
Effect (vp)

Vendor Seismic 0
Effect (vse)

Vendor Radiation 0
Effect (vre)

Vendor Steam 0
Press/Temp. Effect

(vspt)

Vendor Post-DBE 0

Effect(vpdbe)
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Manuf, Name WESTINGHOUSE
Model Number 8242C46G01
Range Min:0 Units:VDC

Max:0.40000
Design Pressure PSIG
Vendor Accuracy 0.1%*S
Allowance (va)
Vendor Drift 0
Allowance (vd)
Drift Time (DT) 1.0000 Months

Linear or Non-Linear?
Vendor or Plant-Specific?

<t

Vendor Temp Effect 0

(vte)

Vendor Humidity 0
Effect (vhe)

Vendor Over Pressure 0
Effect (vope)

Vendor Static Pressure | O
Effect Zero (vspez)

Vendor Static Pressure | O
Effect Span (vspes)

Vendor Power Supply | O
Effect (vp)

Vendor Seismic 0
Effect (vse)

Vendor Radiation 0
Effect (vre)

Vendor Steam 0
Press/Temp. Effect

(vspt)

Vendor Post-DBE 0

Effect(vpdbe)
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Manuf. Name WESTINGHOUSE
Model Number 3359C48G01
Range - Min:0 Units:VDC
Max:0.40000 )
Design Pressure : PSIG
Vendor Accuracy 0.2%*R
Allowance (va)
Vendor Drift 0.1%*R
Allowance (vd)
Drift Time (DT) 0.14000 Months
Linear or Non-Linear? L
Vendor or Plant-Specific? \Y
Vendor Temp Effect 0
(vte)
Vendor Humidity 0
Effect (vhe)
Vendor Over Pressure | 0
Effect (vope) )
Vendor Static Pressure | 0O
Effect Zero (vspez)
Vendor Static Pressure | O
Effect Span (vspes)
Vendor Power Supply | O
Effect (vp)
Vendor Seismic 0
Effect (vse)
Vendor Radiation 0
Effect (vre)
Vendor Steam 0
Press/Temp. Effect
(vspt)
Vendor Post-DBE 0

Effect(vpdbe)
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44. Form 4: Environmental Conditions Data Sheet

(AR)

Eq Zone CNTALl

Room Unit 1 Containment (Elev 706 and above)
Description

Normal Min: 65.000 °F
Temperature

Range

(NTMIN & Max: 120.00 °F
NTMAX)

Normal Min: 30.000 %RH
Humidity

Range .
(NHMIN & Max: 90.000 $RH
NHMAX)

Max. Normal | 2.85e-03 Rads/Hour
Radiation

(NR)

Accident Type | NORMAL

Accident 0 °F

Temperature

(AT)

Accident 0 3%RH

Humidity

(AH)

Accident 0 Rads

Radiation
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Eq Zone CNLRM

Room Unit 1 & 2 Control Room
Description

Normal Min: 60.000 °F
Temperature
Range

(NTMIN & Max: 85.000 °F
NTMAX)

Normal Min: 50.000 %RH
Humidity
Range

(NI‘H.VIIN& Max: 50.000 %RH

NHMAX)

Max. Normal 1.0e-03 Rads/Hour
Radiation

(NR)

Accident Type | NORMAL

Accident 0 °F
Temperature
(AT)

Accident 0 %RH
Humidity
(Al

Accident 0 Rads
Radiation
(AR)




Calc. No: SPCREO005 Originated By: Brian K. Rogers Date: 02/14/2003

Calc. Rev: 0 Reviewed By: Bob Woodling Page 24 of 51

5.0 ERROR ANALYSIS AND SETPOINT DETERMINATION

5.1. Given Conditions

5.1.1. Loop Instrument List

Device  Unit Instrument Tag Function

1NE-41 U
1N41-NI301
1N41-NM310
1N41-NI303

B WN R
e

5.1.2. Device Dependency Table

Unit Instrument Func Cal Pwr Rad Seismic Temp Humidity

INE-41 U
1N41-NI301
1N41-NM310
1N41-NI303

N s
onww
www
Www
Twwp
Www
ww o

Device Dependency Assumptions/References
Calibration:

Power Supply:

Radiation:

Seismic:

Temperature:

Humidity:
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5.1.3. Calibration Static Pressure(CSP), Power Supply Stability(PSS)

Unit Instrument Function CSP PSS
(PSIG) (VOLTS)

1 1NE-41 6] 0 0

1 +1N41-NI301 0 0

1 1N41-NM310 0 0

1 1IN41-NI303 0 0

Note: PSS values are only considered for devices with a Vendor Power Supply Effect
which is expressed per volt. ‘

CSP and PSS Assumptions/References
CSP:

PSS:

5.1.4. Insulation Resistance (IR), Primary Element Accuracy (PEA). Process Measurement
Accuracy (PMA) and other Process Considerations (PC)

Type Magnitude Sign Acc/ Dependent Dependent PC/IR
(decimal®) Norm Device Uncertainty Assumptions/
References

Note: Magnitude is expressed in decimal percent of span, e.g. 0.02 equals 2% of span.
IR value per specific Loop Configuration IR calculation.

5.2. Calculation of Instrument Uncertainties

52.1. Instrument Accuracy (a )

a, = (va)(PS/CS,)
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Where n the number of the loop device
va = vendor's accuracy expression

Il

Note: If the Device Setting Tolerance (st), per Form 2, is greater than the Instrument
Accuracy (a) for a specific device, then (st) will be used in lieu of (a) in the equation

shown above.

Instrument Accuracy(a)

Device Random Units
1 +0.60000 PCT
2 +0.12000 PCT
3 +0.60000 PCT
4 +0.12000 PCT

* = Uncertainty included with plant specific drift for this device

5.2.2. Instrument Drift (d )

d = (CI/DT)(vd)(PS/CS)
Where vd=  vendor's drift expression

Note: The factor (CI/DT) is included in the above equation if Drift is linear over time. If
Drift is non-linear over time, the factor is replaced by:

(CUDT)?
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Instrument Drift(d)
Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 + 0.05143 0 0 PCT
4 +0 0 0 PCT
5.2.3. Instrument Measurement and Test Equipment Allowance (m.)

mte, = [(mtea, + mtestd,)’ + (mtet)* + (mteread,)? ]'?

m,

‘Where:
mte
mtea,

mtet,

mteread,

mtestd,

mtecs

1

[(mte,/mtecs,)® + (mte/mtecs,)® + (mte/mtecs,)® + (mte/mtecs,)® +
(mte,/mtecs,)*]"** PS

the Measurement and Test Equipment allowance for one M&TE device.
the accuracy of the M&TE device.

the temperature effect of the M&TE device.

the readability of the M&TE device.

- the accuracy of the standa}r(i used to cailibrate the M&TE device.

the Measurement and Test Equipment allowance for one loop device.

the calibrated span of the M&TE'devi;:e.
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Instrument M&TE(m)
Device Random Units
1 +0 PCT
2 +0.31344 PCT
3 +0.34697 PCT
4 +1.0448 PCT

* = Uncertainty included with plant specific drift for this device

5.2.4. Instrument Temperature Effect (ty, t, & tys)

Normal: ty = (INTMAX - NTMIN)(vte)(PS/CS)

Accident: t, = [(AT - NTMIN)(vte)(PS/CS)] - t,

Loss of non-seismic HVAC during a seismic event:
tus = [(NST - NTMIN)(vte)(PS/CS)] - ty
Where vte = vendor's temperature effect expression

Notes: The factors (NTMAX - NTMIN), (AT - NTMIN) and (NST - NTMIN) are
included in the equations shown above only if the Vendor's Temperature Effect (vte) for a
specific device is expressed per degree. This is indicated by the character "/" in the
Vendor's Temperature Effect equation shown on Form 3.

If the Vendor's Temperature Effect equation is expressed as a step function, then the
values of NTMAX, AT and NST will be used to determine the value of "X" in the step
function.
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Normal Instrument Temperature Effect (t)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Accident Instrument Temperature Effect (t,)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 + 0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

Loss of non-seismic HVAC during a seismic event

Temperature Effect ()
Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

5.2.5. Instrument Humidity Effect (hy, h, & hy)

Normal: hy = (NHMAX - NHMIN)(vhe)(PS/CS)
Accident: h, = [(AH - NHMIN)(vhe)(PS/CS)] - hy

Loss of non-seismic HVAC during a seismic event:
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hys = [(NSH - NHMIN)(vhe)(PS/CS)] - by,
Where vhe = vendor's humidity effect expression

Notes: The factors (NHMAX - NHMIN), (AH - NHMIN) and (NSH - NHMIN) are
included in the equations shown above only if the Vendor's Humidity Effect (vhe) for a
specific device is expressed per degree. This is indicated by the character "/" in the
Vendor's Humidity Effect equation shown on Form 3.

If the Vendor's Humidity Effect equation is expressed as a step function, then the values
of NHMAX, AH and NSH will be used to determine the value of "X" in the step function.

Device

W

Normal Instrument Humidity Effect (h,)

Random +Bias -Bias Units
+0 0 0 PCT
+0 0 0 PCT
30 0 0 PCT
+0 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Device

W N

Device

Accident Instrument Humidity Effect (h,)

Random +Bias -Bias Units
+0 0 0 PCT
+0 0 0 PCT
+0 0 0 PCT
+0 0 0 PCT

Loss of non-seismic HVAC during a seismic event

Humidity Effect (hyg)

Random +Bias -Bias Units
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1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT
5.2.6. Instrument Over Pressure Effect (ope)

ope = (PMOP - DP)(vope)(PS/CS)
Where vope = vendor's over pressure effect expression

Notes: The factor (PMOP -DP) is included in the equation shown above only if the
Vendor's Over Pressure Effect (vope) for a specific device is expressed per PSL This is
indicated by the character "/" in the Vendor's Over Pressure Effect equation shown on
Form 3. )

If the Design Pressure for a specific device (DP) is greater than or equal to the Process
Maximum Operating Pressure (PMOP), then the Over Pressure Effect (ope) is equal to

Zero. .
Instrument Over Pressure Effect (ope)
Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 30 0 0 PCT
4 +0 0 0 PCT
5.2.7. Instrument Static Pressure Effect Zero (spez)

spez. = (PMOP - CSP)(vspez)(PS/CS)
‘Where vspez = vendor's static pressure zero effect expression

Note: The factor (PMOP - CSP) is included in the equation 'shown above only if the
Vendor's Static Pressure Effect Zero (vspez) for a specific device is linear for the given
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pressure change defined. This is indicated by the character " / " in the Vendor's Static
Pressure Effect Zero equation shown on Form 3.

Instrument Static Pressure Effect Zero (spez)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 30 0 0 PCT
4 +0 0 0 PCT
5.2.8. Instrument Static Pressure Effect Span (spes)

spes = (PMOP - CSP)(vspes)(PS/CS)

Where vspes = vendor's static pressure span effect expression

Note: The factor (PMOP - CSP) is included in the equation shown above only if the
Vendor's Static Pressure Effect Span (vspes) for a specific device is linear for the given
pressure change defined. This is indicated by the character " / " in the Vendor's Static
Pressure Effect Span equation shown on Form 3.

Instrument Static Pressure Effect Span (spes)

Device Random +Bias -Bias Units

1 +0 0 0 PCT

2 +0 0 0 PCT

3 +0 0 0 PCT

4 +0 0 0 PCT
5.2.9. Instrument Power Supply Effect (p)

p = ((PSS)(vp)(PS/CS)

Where p = vendor's power supply effect expression
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Note: The factor (PSS) is included in the equation shown above only if the Vendor's
Power Supply Effect (vp) for a specific device is expressed per volt. This is indicated by
the character " /" in the Vendor's Power Supply Effect equation shown on Form 3.

Instrument Power Supply Effect (p)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 0 0 0 PCT
4 +0 0 0] " PCT

5.2.10. Instrument Seismic Effect (s)

s = (vse)(PS/CS) : :
Where vse = vendor's seismic effect expression

Instrument Seismic Effect (s)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 %0 0 0 PCT -
3 0 0 0 PCT
4 +0 0 0 PCT

5.2.11.  Instrument Radiation Effect (r,, r, & r,,)

Nommal: 1y, = (ENTID)(vre)(PS/CS)
(ATID)(vre)(PS/CS)

Accident: 1,
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Accident: 1y = (ANTID)(vre)(PS/CS)

Wherevre = vendor's radiation effect expression

NTID = total integrated dose for normal conditions

ATID = total integrated dose for accident conditions

ANTID = total int;egrated dose for accident plus normal conditions

Notes: The factors (NTID)(ATID) and (ANTID) are included in the equations only if the
Vendor Radiation Effect (vre) for a specific device is expressed per Rad. This is
indicated by the character " /" in the Radiation Effect equation shown on Form 3.

If the Radiation Effect equation is expressed as a step function, then the values NTID,
ATID and ANTID will be used to determine the value of "X" in the step function.

If plant specific drift is entered for a loop device that is subject to accident radiation, r, is

used in place or 1y if the user does not change the plant specific drift default value of 0
for the normal radiation effect.

Normal Instrument Radiation Effect (ry)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

* = Uncertainty included with plant specific drift for this device

Accident Instrument Radiation Effect (r,)
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Device Random +Bias -Bias Units

1 +0 0 0 PCT

2 +0 0 0 PCT

3 +0 0 0 PCT

4 +0 0 0 PCT

Accident and Normal Instrument Radiation Effect (T

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

5.2.12. Instrument Steam Pressure/Temperature Effect (spt)

spt = (vspt)(PS/CS)
Where vspt = vendor's steam pressure/temperature effect expression

Instrument Steam Pressure/Temperature Effect (spt)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 T0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

5.2.13. Instrument Post-DBE Effect (pdbe)

pdbe = (vpdbe)(PS/CS)

Where vpdbe = vendor's Post-DBE effect expression
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Instrument Post-DBE Effect (pdbe)

Device Random +Bias -Bias Units
1 +0 0 0 PCT
2 +0 0 0 PCT
3 +0 0 0 PCT
4 +0 0 0 PCT

5.3. Calculation of Combined Loop Effects

5.3.1. Loop Accuracy (A)

Accuracy contains only random terms. Since the individual device Accuracies are
considered independent, they may be combined as follows:

A =(a) “"‘(a;z)2 Fo ()

Using the equations for Instrument Accuracy and combining the results in accordance
with the method described above;

A=+ 0.74880 (pPCT)?

5.3.2. Loop Drift (D)

Drift may contain random and bias terms. The individual device drifts which are random
are combined according to device calibration dependency groups.

For example, consider a loop which contains devices 1, 2, and 3 which each have
random, bias positive, and bias negative terms. If device 1 is calibrated alone (e.g.
Calibration Group "A") and devices 2 and 3 are calibrated together (e.g. Calibration
Group "B") then:

Dy

(dip)® + (dr +dsp)’
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Dy = (dipp+dyppt dypp)
Dgy = (dipy+dypyt dipy)

Combining the results of Instrument Drift calculated in section 5.2.2 in accordance with
the method described above;

D, = % 2.644%e-03 (PCT)?
D, = 0 PCT
Dpy = 0 PCT
5.3.3. Loop Measurement & Test Equipment Allowance (M)

The M&TE Allowance contains a random term only. The individual device M&TE
Allowances are combined according to device calibration dependency groups.

For example, consider a loop which contains devices 1, 2, and 3. If device 1 is calibrated

alone (e.g. Calibration Group "A") and devices 2 and 3 are calibrated together (e.g.
Calibration Group "B") then:

M = (mx)z + (m, + m3)2

Combining the results of Instrument M&TE Allowance calculated in section 5.2.3 in
accordance with the method described above;

M = + 1.3102 (PCT)?

53.4. Loop Temperature Effect (T, T, and Tys)

The Temperature Effect (Normal, Accident and Loss of non-seismic HVAC during a
seismic event) contains a random term and bias terms. The individual device Temperature
Effects which are random are combined according to device temperature dependency
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groups. Process Considerations that are considered to be temperature-related are also
combined with the associated device Temperature Effect. .

For example, consider a loop which contains devices 1, 2, and 3 which each have a
random, bias positive, and bias negative terms. The devices also have the following
temperature-related process considerations (PC):

PCA,y = Device 1 Accident Random PC
PCN,, = Device 1 Normal Random PC
PCA,;; = Device 2 Accident Bias Positive PC
PCN;y = Device 3 Normal Bias Negative PC

If device 1 is located in one temperature environment (e.g. Temperature Group "A") and
devices 2 and 3 are located in another temperature environment (e.g. Temperature Group

"B") then:

Normal:
Twe = (tar+PCNR) + (tor + tysr)”
Tawee = (twise + taoee + taspp)
Tren = (hwen + taoen + thasy + PCNigy)

Accident:
Tax = (tur+tar FPCAR + (e + taor + tosr + tasp)”
Tage = (nise * tame T tzse + tazp + tussp + taspp + PCA,gp)
Taen = (twen + tasn + bosn + taosn + tueen + tassn)

Loss of non-seismic HVAC during a seismic event:

TNSR = (tN|R + tNSIR + ch\IR)2 + (tN2R + tNSZR + tN3R + tNSZ&R)2
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TNSBP = (tNlBP + tNSIBP + tNZBP + tNSZBF‘ + tNJBP + tNSIiBP’ + P CAZBP)
TNSBN = (tN 1BN + tNSIBN + tNZBN + tNSZBN + tNJBN + tNSZ!BN)

Combining the results of Instrument Temperature Effects calculated in Section 5.2.4

along with the appropriate temperature dependent process considerations in accordance
with the method described above;

Tyr = + 0 (PCT)?
Tee = 0 PCT
Tren = 0 PCT
Tar = + 0 (pPCT)?
T app = 0 PCT
T pnx = 0 PCT
Tusr = + 0 (pCT)?
Tssr = 0 PCT
Tysen = 0 PCT

5.3.5. Loop Humidity Effect (H,,, H, and Hy)

The Humidity Effect (Normal, Accident and Loss of non-seismic HVAC during a seismic
event) contains a random term and bias terms. The individual device Humidity Effects
which are random are combined according to device humidity dependency groups.

If device 1 is located in one humidity environment (e.g. Humidity Group "A") and
devices 2 and 3 are located in another humidity environment (e.g. Humidity Group "B")
then:

Normal:
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Hy = (th)z + (hyr + hNSR)2
Hyge = (b + hypp + hyapp)
Hwuge = (hysn by + hygy)
Accident:
Hyr = (hygrt hAlR)z + (byor + hygp + hygsp + hAJR)z
HABP = (thBP + hAlBP + hNZBP + hA2BP + hN3BP + hABBP)
Hupn =  (hypn +hagpn + hyopy + hagpy + hyspn + Baspy)

Loss of non-seismic HVAC during a seismic event:

— 2 2
HNSR - (hNIR + hNSlR) + (hNZR + hNS2R + hNSR + hNS]R)
HNSBP = (thBP + hNSIBP + hNZBP + hNSZBP + hNSBP + hNSSBP)
HNSBN = (thBN + hNSIBN + thBN + hNSZBN + hN3BN + hNSSBN)

Combining the results of Instrument Humidity Effects calculated in Section 5.2.5 in
accordance with the method described above;

Hy = * 0 (PCT)?
Hype = 0 PCT
Hagw = 0 PCT
Hy = £ 0 (pPCT)?
Hype = 0 PCT

T
&
z

t

(]

PCT
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Hye = £ 0 (PCT)?
Hygn = 0 PCT

5.3.6. Loop Over Pressure Effect (OPE)

The Over Pressure Effect contains a random term and bias terms.-Since the individual
device Over Pressure Effects are considered independent, the random terms may be
combined by the sum of the squares. The random and bias terms will be combined as

follows:
OPE, = (opeir)’ + (0pep)’ + ... + (ope,s)’
OPEg, = (Ope;pp + OpEypp + .... + OPEpp)

OPEgy, = (opepy t+ Opeypy F .... + OPEpy)

Combining the results of Instrument Over Pressure Effects calculated in Section 5.2.6 in
accordance with the method described above;

OPE, = + 0 (PCT)?
OPEy = 0 PCT
OPE,, = 0 PCT

5.3.7. Loop Static Preséure Effect Zero (SPEZ)

The Static Pressure Zero Effect contains a random term and bias terms. Since the
individual device Static Pressure Zero Effects are considered independent, the random
terms may be combined by the sum of the squares. The random and bias terms will be
combined as follows:
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SPEZ, = (spez;p)’+ (spezyp)’ +.... + (spezp)’
SPEZy, = (spezpp + SPeZypp + .... + SPEZ,pp)
SPEZgy = (Spezipy + SpeZypy + .... + SPeZpy)

Combining the results of Instrument Static Pressure Zero Effects calculated in Section
5.2.7 in accordance with the method described above;

SPEZ, = + 0 (PCT)?
SPEZ,, = 0 PCT
SPEZ,, = 0 PCT

5.3.8. Loop Static Pressure Effect Span (SPES)

The Static Pressure Span Effect contains a random term and bias terms. Since the
individual device Static Pressure Span Effects are considered independent, the random
terms may be combined by the sum of the squares. The random and bias terms will be
combined as follows:

SPES; = (spes;p)® + (spesy)’ + ... + (spes,p)’
SPESg, = (spes;gp + SpeSypp + ... + SpPeS,pp)
SPES;y = (spes;py+ spes,py + .... + spes gy)

Combining the results of Instrument Static Pressure Span Effects calculated in Section
5.2.8 in accordance with the method described above;

SPES, = + 0 (pCT)?
SPES,, = 0 PCT

SPES,, = 0 PCT
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5.3.9. Loop Power Supply Effect (P)

The Power Supply Effect contains a random term and bias terms. The individual device

Power Supply Effects which are random are combined according to device power
- dependency groups.

For example, consider a loop which contains devices 1, 2, and 3 which each have
random, bias positive, and bias negative terms. If device 1 is powered by one power

supply (e.g. Power Supply Group "A") and devices 2 and 3 are powered by another Power
Supply (e.g. Power Supply Group "B") then:

Py = (pm)z +(Pxr+ PsR)z
Py = (Pipr * Pse + Pape)

Ppy = (Pion+ P2sn T Pann)

- Combining the results of Instrument Power Supply Effects calculated in Section 5.2.9 in
. accordance with the method described above; .

P = + 0 (PCT)?
Ppp = 0 PCT
Ppy = 0 PCT

5.3.10. Loop Seismic Effect (S)

The Seismic Effect contains a random term and bias terms. The individual device
Seismic Effects which are random are combined according to device seismic dependency
groups.

For example, consider a loop which contains devices 1, 2, and 3 which each have
random, bias positive, and bias negative terms. If device 1 is located in one seismic
environment (e.g. Seismic Group "A") and devices 2 and 3 are located in another seismic
environment (e.g. Seismic Group "B") then:
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SR = (Sm)z + (S SJR)Z
Sgp = (Sipt+ Sp T Sipp)
Spxn = (Sign+ Syt Sipn)

Combining the results of Instrument Seismic Effects calculated in Section 5.2.10 in
accordance with the method described above;

Sk = + 0 (PCT)?
Sgpp = 0 PCT
Sen = 0 PCT

5.3.11.  Loop Radiation Effect (R & R )

The Radiation Effect contains a random term and bias terms. The individual device
Radiation Effects which are random are combined according to device radiation
dependency groups.

For example, consider a loop which contains devices 1, 2, and 3 which each have
random, bias positive, and bias negative terms. If device 1 is located in one radiation
environment (e.g. Radiation Group "A") and devices 2 and 3 are located in another
radiation environment (e.g. Radiation Group "B") then:

Normal:
Rx = (@un)*+ (tor + Ts)”
Ryse = (fnipe + Tape t Inape)
Ry = (fnion * Troen + Tspy)

Accident:



Calc. No: SPCREO005 Originated By: Brian K. Rogers Date: 02/14/2003

Calc. Rev: 0 Reviewed By: Bob Woodling Page 45 of . 51
Roar = (rANlR)2 + (Tanzr rmqm)2
Raee = (Cansse + Tanzsp + Tansep)
Ruaven = (Canisn ¥ Tanoen + Fanasn)

Combining the results of Instrument Radiation Effects calculated in Section 5.2.11 in
accordance with the method described above;

Rre = % 0 (pPCT)?
Rypp = 0 PCT
Ry = 0 PCT
Royrw = £ 0 (PCT)?
Raygr = 0 PCT
Ruen = 0 PCT

- 5.3.12. Loop Steam Pressuré/T emperature Effect (SPT)

The Steam Pressure/Temperature Effect contains a random term and bias terms. Since the
individual device Steam Pressure/Temperature Effects are considered independent, the
random terms may be combined by the sum of the squares. The random and bias terms
will be combined as follows:

SPTy = (sptip)’ +(spt)’ + ... + (spt,e)’
SPTg, = (sptigp + Sptygp + ... + Sptygp)

SPTpy = (SPtipn +Spty + veer Tk SPptuen)

Combining the results of Instrument Steam Pressure/Temperature Effects calculated in
Section 5.2.12 in accordance with the method described above;
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SPT, = + 0(PCT)
SPTye = 0 PCT
SPTgy = 0 PCT

5.3.13.  Loop Post-DBE Effect (PDBE)

The Post-DBE Effect contains a random term and bias terms. Since the individual device
Post-DBE Effects are considered independent, the random terms may be combined by the
sum of the squares. The random and bias terms will be combined as follows:

PDBE,

]

(pdbe,r)* + (pdbe)® +....+ (pdbe)®

(pdbe,gp + pdbe,gp + ... + pdbe gp)

PDBE,,

PDBE;y = (pdbe,gy+pdbe,gy+ .... + pdbegy)

Combining the results of Instrument Post-DBE Effects calculated in Section 5.2.13 in
accordance with the method described above;

PDBE; = + o0 (pCT)
PDBE,, = 0 PCT
PDBE,, = 0 PCT

5.3.14. Loop Readability Effect (READ)

The Readability Effect contains a random term only and is the square of the Readability
term given on the MCDS table for the loop's indicator, if applicable. The Readability
effect is is determined as follows:

READ, = (read)*
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READ, = 0 (PCT)

5.4. Calculation of Total Loop Error (TLE)

Total Loop Error (TLE) = The Square Root of the Sum of the Squares (SRSS) of the
Random terms = the Bias terms

or

TLE, = SRSS -+ Bias positive terms
and

TLE,., = - SRSS - Bias negative terms

For normal conditions:

SRSSN = (A +Dy+ M + OPE, + SPEZ; + SPES; + Py + Ty + Ryr + Hy + READ
+PEAg 2+ PMA3 2+ PCyp )"

Bias,, = Dg, + OPEy, + SPEZy, + SPESy, + Py, + Tyg, + Ryp, + Hyg, + PEA,, +
PMA,, + PCyg, + IRy,

Bias,,, = Dy, + OPEg, + SPEZ,, + SPESy, + Py, + Typ, + Rupa + Hyp, + PEAg, +
PMAg, + PCyp, + IRy,

SRSSN = + 1.4359 (PCT)

Bias,,, = 0 PCT

Bias,, = 0 PCT

TLEN,, = SRSSN + Bias,,

TLEN,,, = -SRSSN -Bias,,

TLEN,, = 1.4359 PCT = 1.1965 % of Process Span
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TLEN,, = -1.4359 PCT = -1.1965 % of Process Span
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6.0 CONCLUSIONS

The results of this calculation show that the NIS Power Range indication uncertainty (rack
indicator) is +1.436% RTP.
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PINGP Calorimetric RCS Flow Uncertainty

Calculation SPCREOO06
Rev. 0

1.0 Purpose

The purpose of this calculation is to determine the uncertainty associated with calculation of
Calorimetric RCS Flow at PINGP.

Per PINGP Technical Specification SR 3.4.1.3, within 72 hours of reaching/exceeding 90% RTP,
the plant is required to "Verify RCS total flow rate is within the limit specified in the COLR". This
requirement is satisfied through performance of a secondary side power-based calorimetric flow
verfication in SP 1169 and SP 2169, "Reactor Coolant System Flow Verfication". SP 1169 (or SP
2169) is perfomed at the beginning of each fuel cycle near full power operation.

Per SP 1169 Rev. 11, Calorimetric RCS flow is calculated as follows:

Calorimetric_Power '
Cp-AT,,,,g

RCSFlow =

Where Cp is the specific heat of water at 2250 psia and 560°F (nominal RCS 100% RTP
conditions), and AT,,, is the core average expected AT at 100% RTP.

This calculation will use previously calculated uncertainties for calorimetric power indication and
AT,y in conjunction with other uncertainties, to determine the total uncertainty associated with

calculation of Calorimetric RCS Flow.

2.0 Methodology

This calculation is performed in accordance with the guidance provided in Reference 6.1, which
is based on ISA Standard S67.04-1987, “Setpoints for Nuclear Safety-Related Instrumentation
Used in Nuclear Power Plants".

As stated above, previously calculated values for Calorimetric Power uncertainty and AT
uncertainty, in conjunction with other uncertainties, will be combined in accordance with the
methods described in Reference 6.1 and the assumptions in section 3 of this calculation, to
calculate Calorimetric RCS Flow uncertainty.

Page 2 of 6



Originated by: Brian Rogers Bllﬂ Calculation SPCRE006 Rev. 0
Date: 2/13/2003 /

Reviewed by: Kevin Holmstrom
Date: 2/14/2003

3.0 Assumptions/Design Inputs |

3.1 PINGP calculation SPCNI017 Rev. 0 determined Unit 1 Calorimetric Power indication
uncertainty to be +1.6% RTP. PINGP calculation SPCNI018 Rev. 0 determined Unit 2
Calorimetric Power indication uncertainty to be £1.62% RTP. This calculation will use
the more conservative Unit 2 Calorimetric Power indication uncertainty value in
calculating Calorimeteric RCS Flow uncertainty.

3.2 For the purposes of this calculation, Calorimetric Power indication uncertainty is
assumed to be random, independent and normally distributed.

3.3 PINGP calculation SPCRP064 Rev. 0 determined that the uncertainty associated with
the AT input to the OTAT trip setpoint function is £1.28°F. (PINGP calculation
SPCRP068 Rev. 0 produced a similar result for the AT input to the OPAT setpoint
function.) The following AT loop instruments (typical for each channel) were included in
computing this result:

1TE-405A Hotleg RTD

1TE-401B Cold Leg RTD
1TT-401A Hot leg R/E module
1TT-401B Cold leg R/E module

1TM-405R Delta-T Lead/Lag unit
1TC-405C/D  Rod Stop/OTAT trip bistable

Per SP 1169 (SP 2169) and SP 1722, "Unit 1 Loop Delta T Check" (SP 2722), the
Delta-T Lead/Lag Unit output values for each RCS AT channel (two per RCS loop) are
used to calculate a core average 100% AT value, and this core average 100% AT value
is used in calculation of the Calorimetric RCS Flow. For this calculation, we will
conservatively utilize the AT uncertainty calculated in SPCRP064 and SPCRP0G8,
despite the fact that those calculations include uncertainty for a component (Rod

Stop/OTAT trip bistable) that is not part of the loop signal used in calculating Calorimetric
RCS Flow.

Per the guidance in Ref. 1, because four RCS AT loops are used to calculate a single
core average AT for use in calculating Calorimetric RCS Flow, we are permitted to
reduce the uncertainty by dividing by the number of loops used to compute the average.
However, for conservatism, in this calculation we will divide the single-loop AT
uncertainty by two rather than four. Thus, the RCS AT uncertainty value for this
calculation is £1.28/2 = +0.64°F.

3.4 For the purposes of this calculation, RCS AT uncertainty is assumed to be random,
independent and normally distributed.

35 A 0.5 % RCS flow allowance for uncertainties in the computation of enthalpy and specific
volume parameters in the calorimetric RCS flow equation is included as Ucomp rur-

This uncertainty is assumed to be random, independent and normally distributed.

Page 3 of 6
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3.6 A 0.5 % RCS flow allowance to account for uncertainties associated with RCS pressure
variance during calorimetric RCS flow surveillance performance (i.e. during time alloted for SP 1172
and SP 1169) has been included as Upcgp poyp- This uncertainty is assumed to be random,

independent and normally distributed.

3.7 A 0.5 % RCS flow allowance to account for uncertainties associated with RCS temperature
variance during calorimetric RCS flow surveillance performance (i.e. during time alloted for SP 1172

and SP 11689) has been included as Upcgr poyp- This uncertainty is assumed to be random,
independent and normally distributed.

4.0 Analysis

Per Assumption 3.1, Calorimetric Power indication uncertainty is £1.62% RTP:

Ucarm_RrerTe = 1.62 %RTP

A study of the calorimetric RCS flow equation in SP 1169 (ignoring the 0.9845 "calorimetric
correction” term, which is used to compensate for calorimetric power uncertainty) reveals that the
RCS flow sensitivity to changes in calorimetric power is 1.12 %flow/%RTP. Thus, the calorimetric
power uncertainty in terms of RCS flow is:

Ucatm_rwr = 1.12-Uca1 M_ru%rTP

UCALM_R%F =1.814 % RCS flow

Per Assumption 3.3, core average AT uncertainty is £0.64°F

UAT_R°F = 0.64 °F

A study of the calorimetric RCS flow equation in SP 1169 (again ignoring the 0.9845
"calorimetric correction” term) reveals that the maximum RCS flow sensitivity to changes in
core average AT in the AT range of is 55-65°F is approximately 2.2%flow/°F. Thus, the
core average AT uncertainty in terms of RCS flow is:

Uat R = 2.2Upt ReF

UAT_R%F = 1408 % RCS flow
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Per Assumption 3.5, computational uncertainty is 0.5 %RCS flow:

UCOMP_R%F =05 % RCS flow

Per Assumption 3.6, the uncertainty due to RCS pressure test period variance is 0.5 % RCS flow:
URCSP R%F = 0.5 % RCS flow

Per Assumption 3.7, the uncertainty due to RCS temperature test period variance is 0.5 % RCS
flow:

URCST_R"/.F = 0.5 % RCS flow

Since these uncertainties are all random, independent and normally distributed, we can use SRSS
to combine them (per Ref. 1):

2 2 2 3 2
Ucrr r% = \] Ucaim r%rF + Uat ruF + Ucomp ruF + Urcsp_rur + Urcst RuF

UCRF_R".; =2.454 % RCS flow

5.0 Cbnclusions

This calculation shows that the uncertainty associated with calculation of the Calorimetric
RCS Flow (as performed in SP 1169/SP 2169) is £2.454 % nominal RCS flow.
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