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Caleulation No. 92-EQ-0002-01 Rev, 0(2) Page 2 of 49 |

1.0 PURPOSE/SCOPE
1.1  PURPOSE

|

!

E

I The purpose of this calculation is to determine the uncertainties, setpoints, alowable
% values, and time responses of the ANO-2 Low Pressurizer Wide Range Pressure

| ESFAS and RPS Trip instrumentation Joops. This calculativn supersedes the Low
' Pressurizer Pressute portions of all previous ABE/CE setpoint calculations.

I

|

I

|

!

R T T N - I S L e wpemm—

1.2 SCOPE ' |
l

This calculation is applicable to the follcwing instrument loops:

Unit Instrument Loop No. Servige

] 2PT-4624-1 Pressurizer Pressure

. 2PT-4A24-2 Pressurizer Pressure :
p) 2PT-4624-3 Pressurizer Pressure :
b 2PT-4624-4 Pressurizer Pressure

Instrument loop uncertainties are calculated for the Reference Condition, Abnormal
Condition and Accident Conditon.

Prepared by: KEA Date: T-3-92 Checked by:__s000\ __ Date: 9333~
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Caleulation No. 92-EQ-0002-01 Rev. 0(2) Page 3 of 49

2.0  INTRODUCTION

The statistical method of the Square Root of the Sum of Squares (SRSS) is uu& o
determine the random error on a component level and for the loop, Non-random
errors are combined algebraically with the random error term to establish total error.

This calculation is done in accordance with the guidelines set forth in the Instrument
Loop Error Analysis and Setpoint Methodology Nianual (Reference 6.2).

|
|
! All percentages are expressed in terms of span unless otherwise noted.

All terms are considered random error terms unless noted by a lowcrcase "b" suffix

f 10 indicate a bias error term, or "t* suffix to indicate the total of the bias and random
|

error terms.

Prepared by: REA  pate: &AL  Checked by: ~30™  Date:d- 292




Calculation No, 92-EQ-0002-01 Rev, 0(2) Page 4 of 49

30 ASSUMPTIONS AND GIVEN CONDITIONS

31 Calibration and Testing Enviranment

The uncertainties provided are based on calibrating and testing the equipment under
the following environmental conditions:

A. Control Room

The calibration temperature for PPS Equipment in the control room: is
assumed to be 75 deg F and the maximum operating temperature for PPS
Equipment in the control room is assumed to be 84 deg F. All other
conditions "normal” for a control room environment, per Reference 6.2,

B. Containment

The calibration temperature of the PPS Equipment inside containment is
assumed to be 60 deg F and the maximum operating tempeiuture of PPS
Equipment inside containment is assumed to be 120 deg F. All other
conditions “normal" for a containment environment, per Reference 6.2,

wh Qutside Containment

The calibration temperature i5 assumed to be 60°F. This is a conservatve
temperature to envelope the expected ambient at the time of calibration.
See Reference 6.2.

Prepared by:_ L%/Y __ Date: 4-39% Checked by:_Jeoy __ Date:4:3.92-
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Calculation No. 92-EQ-0002-01 Rev, 0(2) Page S of 49

33

34

calibrat { Testing Equin

The measurement and tes: equipment (M&TE) used to calibrate and test the PPS
Equipment will have an accuracy twice as good as the accuracy of the device or
loop being tested. For example: if a transmitter has a reference accuracy o +/-
1.0 % span, it's assumed M&TE uncertainty will be +/- 0.5 % of span. This
assumed M&TE accuracy applies 1o all PPS Equipment unless otherwise specified.
See Reference 6.2.

utibrasion ad Tassiog Taigtva

A The PPS Cabinet (Bistable) will be calibrated and tested on an interval that
does not exceed 39 days.

-

B. The process instrumentation will be calibrated on an interval that does not «
exceed 22.5 months.

ANO-2 Technical Specifications, Section 4.0.2, permits a 25% extension of the
monthly (31 days) and refueling (18 months) calibration intervals.

; Supply Variai
Unless specifically stated otherwise, the variation of the instrument power system

is 120 + 10 VAC and the maximum power supply variation is + 10% of the
nominal power supply. See Section 3.9.7 of Reference 6.2.

Fischer & Porter SOEK1000 Calibration

No calibration is required per Reference 6.21.

Prep"w by‘ fz{& Da]e: C(‘S“qz Chwkw b}v o (g: "‘v"‘l Date:.%»..l...." - C,.g_
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3.6

3.7

38

39

310

311

Spismic and Post-Scismic B

Seismic and post-seismic errors are not considered with any design basis events
because ANO-2 will, after each seismic event, determine that the post-seismic
error are negligible or will recalibrate all effected PPS equipinent, per Reference
6.28.

Sisial Clonse ser Tiif

Unless otherwise stated, the drift for the signal converters is assumed to be no
worse than its reference accuracy, per Reference 6.27 and 6.2,

o~

Unless otherwise stated, the background radiation effect for the transmutters is
assumed negligible because the effect of background radiation is calibrated out each
refueling, per Reference 6.2.

That combination of instrument uncertainties from various sources by the root-sum-
square method is realistic and conservative enough when these uncertainties are
random and independent of each other,

That combination of instrument uncertainties from various sources by algebraic
summation is the most conservative method whenever the errors are non-random.

The calibration uncertainties for process instrumentation assumes that there are
separate calibration devices on the input and output of the instrument being
calibrated, per Reference 6.2.

Error terms that are less than 0.05% of SPAN are considered negligible and are
not included in the calculation per Reference 6.2,

Prepared by:_ £EA__ Date: 98342 Checked by: s Date:d:3.9%-
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313

34

3,15

The temperature that the pressurizer pressure transmitlers are exposed o during
LOCA and SBLOCA events will be no greater than 200°F, and below 250°F for
SLB events at time of actuation per Reference 6.34.

Foxboro Converters Power Supply Effect

The supply voltage for the Foxboro N2AO-V21 and N2AI-I2V converters is from a
nest distribution module (Ref. 6.29.¢). The nest supply voltage is +15 and
-15 VDC (Ref. 6.31).

The line voltage effect is:
+10% line change: 0.2% of rated voltage (6.31)

The line voltage variation is:
120 +10 VAC or +8.3% (3.4)

Therefore the mower supply vanance is:

Pss(o.zt)«f-a-'“)
(10.0%)

=%0,166%

There will be no errors introduced by temperature effect and line voltage effect as
long as the instrument is operated within the ambient temperature range of 30-
130°F and the line voltage is 117 voits +10% per Reference 6.32.

idont Radiation Eff

The radiation effect for the LOCA and SBLOCA events is negligible, as the actual
increase in dose prior - rip is not significantly above background in radiation per
Reference 6.25. The ._.iation effect for the SLB is negligible.

Prepared by: _ LEA Date:_43-AZ _ Checked by: Joony _ Date: G-3-93~
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317

318

3.19

Variable Setpoint Card Error

Th.¢ temperatute error used is associated with the pre-trip in the minimum region

since it is the mast conservative, see Reference 6,18, The calibration error o/ the

variable setpoint card is assuried to be the same as the bistable card since the same
MT&E is used.

Assumption and Given Condition (A&GC) 3.2 states that Measurement and Test
Equipment (M&TE) will have an accuracy twice as good as the accuracy (RA) of
the device or loop being tested. The calibration tolerance band or device tolerance
(DTOL) for this device incorporates an additional setting tolerance (ST) such that
DTOL = RA + ST. Thus, DTOL shall in essence be treated the same as the
reference accuracy for this device and it shall conservatively be assumed that
M&TE 15 twice as good as DTOL.

Per A&GC 3.7, drift (DR) is assumed to be no worse than reference accuracy
(RA). The calibration tolerance band or device tolerance (DTOL) for this device
incorporates an additional setting tolerance (ST) such that DTOL = RA + ST.
Thus, DTOL shall in essence be treated the same as the reference accuracy for this
device and it shall conservatively be assumed that DR is no worse than DTOL.

Although this is not a calibrated device (see A&GC 3.5), a functional check is
performed per the periodic test procedure (Ref. 6.7). Considering the fact that this
device cannot ¢ calibrated and that the functional check is conducted across both
the device and the associated downstream resistor (see Figures 4.1-4.4), a larger
required accuracy of +0.5% is incorporated. Therefore, a setting tolerance (ST)
of +0.25% is applied to this device such that with a reference accruacy (RA) of
+0.25% the total device tclerance (DTOL) is £0.50%. This is indeed
conservative since the resistor accuracy is again applied ‘n the resizior section of
the calculation.

Prepared by: RLA Date; _9-352 Checked by: Jj”',‘ﬁ Date: 9.3 .92
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Desien Basis and Reaul

The purpose of the low pressurizer pressure function is to limit core damagé
during a postulated accident.

The reactor trip and safety injection functicns are credited in the SAR Chapter 6.0
Analysis with limiting the consequences of the Small Break LOCA event. The
Chaptar 6.0 Analysis determines the peak containzient pressures and temperatures
following a primaty or secondary pipe break. Therefore, the SIAS analysis
setpoint cannot be changed without determining the effect of this change on the
Chapter 6.0 Analysis.

The safety injection functon is credited in the SAR Chapter 15.0 LOCA analyses '

with limiting the consequences of the LOCA events.

The containment cooling function is credited with limiting the post-accident
containment pressure during and following LOCA and SLB events. The CCAS
analysis setpoint is determined by the SAR Chapter 6.0 Containment Analysis,
Ther=fore, the analysis setpoint cannot be changed without determining the effect
of this change on the Chapter 6.0 Analysis.

Prepared by: (84 Date: 9-1-92 _ Checked by: _»Jer0) __ Date:3-2-92
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4.1.3 Low Pressurizer Pressure Loop Error Calculation
4.1.3.1 Process Measurament

Two process measurement errors (PMEs) may Influence this measurement:

1) sensing line head

2) containment ambient pressure
The water in the sensing ling Is assumed 10 normaily be at containment ambient temperature. A change
in temperature will result in a change in density of the water, thus, changing the stalic pressure seen by
the transimitter at (e high piessure port.

A gauge pressure transmitter is used for absolute pressure measurement. As containment ambient pressuie
varies from 0 PSIG, an error will ba introduced. During an accident condition the transmitter's low pressure port,
which is open to containment atmosphere, could sense a pressure of up to 53.4 PSIG per reference 6.38.
Heference 6.34 takes credit for a High Containment Pressure trip at 8.0 PSIG to limit \he contamment enviroment
to 250 deg F prior to reactor trip of SIAS or CCAS, the error associated with this calculation may be limited to

a maximum of 6 6 PSL

The bypass setpoint associated with this calculation is the only setpoint which considers ABN errois.
Per reference 6.28, the PME enror for abnormal (ABN) temperature is negligible. Therefore, ABN PME
errors wilt have no affect upon the bypass setpoint and need not be considered further.

The Trip/Actuation setpoint associated with this calculation must consider ACC errors. The PME errors
associated with this calculation cause errors in the negative direction. Since the Trip/Actuatuion
setpoint s a "low” setpoint, only the positive errors are applicable. Therefore, ACC PME errors

will have no aftect upon the Trip/Actuation setpoint and need not be considered.

Preparer:_ [LEA Date: -3 4L Cm&m:m pate: 4-3-92
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4.1.3.2 Low Pressurizer Pressure Transmitier

COMPONENT 1D

Tag Number. 2PT-4624-1,2PT-4624-2 2PT-4624-3,2PT-4624-4
Moael Roesemount 1154GPSRB
Range 1 imits: 0 to 3000 PSIG (URL = 3000 PSIG)
Calibrated Range: 0 o 3000 PSIA
Calibrated Span: 3000 PSI

Time Response:; 6.2 sec

PROCESS/IENVIRONMENTAL CONDITIONS

Amb Cal Temp (AMB): 60 degfF

Abn Amb Temp (ABN). 120 degF

Ace Amb Temp (ACC-LCCA): 200 degF (LOCA/SBLOCA)
Acc Amb Temp (ACC-SLB): 250 JegF {(SLB}

DT1 (ABN-AMB): 60 degF

DT2 (AC 3(LOCA)-AMBY: 140 degF

DT3 (ACC(SLB)-AMB): 190 degF

Power Supply Voltage: 24 VDC

Power Supply Variance. t 10.0%

(DV) + 24 VDC

Max Voltage : 26.4 VYDC

Calibration interval - 225 MONTHS (18 months + 28% margin)
Acc Hadiation : 3.3E+07 RAD

ERROR SUMMARY
a. ACCHRACY (RAY +( 0.25% SPAN)
b. CALIBRATION (CAL):
+(2 TIMES MORE ACCURATE THAN INSTRUMENT)
4| {(0.5RA)"2+(0.5RA)"2]"0.5 % SPAN

Preparer:_ LEX  Date: 4-342 Checker_JCYN _ paeA-3-92

RROR
% SPAN

+ 0250% ¢

¥ 0.177% ¢

ERROR
PSi

7.500

5.303

Page 16 of 49

Source
(6.22,6.37.6.6.37.q)
(6.22,6.37 1)

(6.20)

6.7)

(6.7

{6.20)

(3.1.0)
(3.1.b)
(3.13)
{3.13)

(6.7.6.36)

(3.4)

(3.3}

(6.37 a)

{6.20)

{(32.3.11)
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‘ Source
z ERROR ERROR
| % SPAN PS
[ c DRIFT (DR} + 0.20% URL FOR 30 KMONTHS) + 0D.200% % 6 000 (6.4)
[ d. FOWER SUPPLY EFFECT (PS): {Less than 0.005% SPAN/volt)
L 0.012% SPAN (NEG!IGIBLE) + 0.000 = 0.000 {6.20.3.12)
§ & ABNORMAL TEMPERATURE EFFECT (TE)
‘ #  0.75% URL + 0.50% SPAN)PER 106 degF + 0.750% § 22500 (6.20)
- t ACCIDENT TEMPERATURE EFFECT (ATE-LOCAY:
E +{ 0.75% URL + 0.50% SPANPER 100 degF + 1.750% % £2.500 {6.20)
o ACCIDENT TEMPERATURE EFFECT {ATE-SLB):
+{ 2.50% URL + 0.50% SPAN; + 3.000% ¢ 90.000 (6.20)
h. ACCIDENT RADIATION EFFECT (ARE) NEGLIGIBLE + 0.000% % 0.000 {3.16)
!

The transmitter error (eTRX) for Reference (REF), Abnormal (ABN) and Accident (ACC) conditions is given as follows:

REF eTRX = + (RA + CAL) + 0427% + 12.803
ABN eTRX = 4+ ((RA+CAL;"2+DR"2+PS 2+ TE'2)'05 + 0B8B6% + 26574
ACC (LOCA) eTRX = + ((RA + CAL)"2 4+ DR*2+ PS*2 + ATE-LOCA"2 + ARE"2)"0.5 + 1.812% 't 54.371
ACC (SLB) eTRX = 4+ ((RA+CAL)"2 + DR"2 + P8"2 + ATE-SLB"2 + ARE"2)70.5 + 3037% ¢ 91104

.

Preparet: REA  pate: 9341 Ched‘a:m,_ pate: 4-3-92
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Calculation No, 92-EQ-0002-C1, Rev. ((2)

The transmitter output error (TRX0) for Reterence (REF), Abnormal {(ABN) and Accident (ACC) conditions Is given as follows:

ERROR ERRCR
% SPAN PSi

HEF TRXo = + REF eTRX 3 0427% ¢ 12803
ABN TRXo = + ABNeTRX + 0886% &+ 26574
ACC (LOCA) TRX2 = + ACC {LOCA) eTRX ¢+ 1812 54.371
ACC (SLB} TRXe = + ACC (SLB)eTRX + 3037% + 91.104

4 1.3 3 insulation Resis'*nce

The wansmitter is located within the comainment building, and as such the effects of a harsh environment on the loop
signai cabling (i . cable, splices, pencuations, etc.) must be censidered. The accident environment effects are considered
for the cablirg from the transmitter through the containment electrical pene.rations.

The error attributed by the insulation resistance (IRb) for LOCA Accident (ACC) conditions (temp = 200°F)
is given as follows:

Channel A, C, D (200°T)

iRb: + 0.09% SPAN + 0.090% + 2.700
Channel B (200°F)
1Rb: - 0.09% SPAN + 0.080% + 2.700

The error attributed by the insulation resistance (IRb) for SLB Accident {ACC) conditions (temp = 250°F)
is given as follows:

Channel A, C. D °F,

1R + 0 15% SPAN + 0150% + 4500
Channel B
=198 + 0.15% SPAN + 0.150% + 4,500

oreparer. AYA  pate: 93 % Checker: ;i(m pate: 4-3-9=
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Calcutation Mo. 92-EQ-00062-01, Rev. 0{(2)

4.1.3 4 Pressurizer Pressure Signal Converter

COMPONENT 1D
Tag Number; 2PY-4624-2C (Channel B only)
Modet: Foxboro N-ZAI-12V
input Rangse: 4 10 20 mA
Output Range: 0 0 10 vdc
Time Response. 005 sec

PROCESSIENVIRONMENTAL CONDITIONS

Amb Cal Temp (AMB). 60 degF
Abn Amb Temp (ABN): 105 degF
Acc Amb Temp (ACC): 105 degF
OT (ABN-AMB): 45 degF
Power Supply Voltage: +15 wvdc and -15 vdc
Power Supply Variance: it 0.166%
ERROR SUMMARY
a. ACCURACY (RA): +( 0.25% SPAN)
SETTING TOLERANCE (ST): +{ 0.25% SPAN)
Zy
v DEVICE TOLERANCE (DTOL): #( (RA + ST)% SPAN)
+( 0.50% SPAN)

b. CALIBRATION (CAL):
+(2 TIMES MORE ACCURATE THAN INSTRUMENT)

: +{(0.5 DTOL)"2+(0.5 DTOL)"2]°0.5 % SPAN
B c. DRIFT (DR} + (OTOL)

Preparer:  £%A  pate 4392 Checker: Jtm pate: 1-3-F2.

-

[

Page 190149

Source
(6.22,6.37.,6.37.9)
{6.22.f. 37.9)

6.7)

6.7)

{6.30)

{3.1.¢)
{6.23;
{6.24)

(6.3v)
(3.14)

ERROR ERROR

% SPAN PSi

0.250% ¢ 7.500 (6.36)
0250% ¢+ 7500 (6.7)

0.500% ¢ 15.000

0.354% ¢+ 10.607 (3.11,3.18)

C.500% ¢ 15000 _ {3.19)

' B W s | EERCEY B v .




Calculation MNo. 92-EQ-0002-01, Rev. 0(2)

4.1.2 4 Pressurizer Pressure Signal Convener

COMPONENT 1D
Tag Number: 2PY -4624-2C {Channel B only)
Model. Foxboro N-2A1-12V
Input Range: 4 to 20 mA
Output Rangs: (] to 10 vdc
Time Hasponse: 0.05 sec
PHOCESS/ENVIRONMENTAL CONDITIONS
Amib Cal Temp [AMB): 60 degF
Abn Amb Temp (ABN): 105 degF
Acc Amb Temp (ACC): 105 degF
DT (ABN-AMB). 45 degF
Power Supply Voltage: +15 vdc and -15 vde
Power Supply Variance: + 0.166%
ERROR SUMMARY
a. ACCURACY (RA). +{ 0.25% SPAN)
SETTING TOLERANCE (ST): 1 0.25% SPAN)
DEVICE TOLERANCE (DTOL): 4( {RA + ST)% SPAN)

# 0.50% SPAN)

b. CALIBRATION (CALY:
+(2 TIMES MORE ACCURATE THAN INSTRUMENT)

c. DRIFT (DRY):

Preparer.

EeA

+1(0.5 DTOLY*24(0.5 DTOLY 2]°0.5

+ (DTOL)

% SPAN

Date: 9392 Checker: _;tm pate: 1-352

ERROR
% SPAN

0.250% +

3.250% +

0.500% +

0.354% +

0.500% +

ERROR
PSI

7.500

7.500

15.000

10.607

15.000

(3.19)

Page 19 of 49

Source

(6.22.6.37 b.6.37.0)
(6.22,6.37.9)

&7)

6.7}

{6.30)

(3.1.0)
(6.24)
(6.24)

(6.36)
(3.14)

(6.36)
(6.7)

{3.11,3.18)




Calcuiation No. 92-EQ-0002-01, Rev. i{2)

4 1.3 4 Pressurizer Pressure Signal Convernter

Tag Number
Model

tnput Range:
Output Range:
Time Rasponssa:

Amb Cal Temp (AMB)
Abn Amb Temp (ABN)
Acc Amb Temp (ACC).
DT (ABN-AMB).

Powei Supply Voltage:
Puwer Supply Varance:

a. ACCURACY (RA):

SETTING TOLERANCE {ST). +(

DEVICE TOLERANCE (DTOL):

b CALIBRATION (CAL):

COMPONENT 1D
2PY-4€824-2C {Channel B only)
Foxboro N-2A1-12V

4 to 20 mA
0 1o 10 vdc
0.05 sec

PROCESS/ERVIRONMENTAL CONDITIONS
60 degF
105 degF
105 degF
45 degfF
+15 vdc and ~15 vic
+ 0.166%

ERROR SUMMARY

+ 0.25% SPAN)
0.25% SFAN)

+{ {AA +57T)% SPAN)
4+ 0.50% SPAN)

+(2 TIMES MORE ACCURATE THAN INSTRUMENT)

¢. DRIFT (DR):

Preparer:wﬂ ¢ A Date: 9392 Checker: JUT\

+](0.5 DTOL)*2+(0.5 DTOL)"2)0.5 % SPAN

+ (DTOL)
23

pate: A-3-92.

ERROR
9% SPAN

0.250% %

0.250% ¢

0.500% £

2.354% +

0.500% %

ERROR
PSi

7.500
7.570

15.000

10.607

15.000

Page 13 of 49

Source
{6.22,6.37.0.6.37.9)
{6.22,6.37 1)

6.7)

8.7)

{6.30}

{3.1.¢)
(6.24)
{5.24)

{6 36)
(3.14)

(6.38)
(6.7}

(3.11,3.18)

(3.9

] By T
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Cateulation No. 92-EQ-2002-01, Rev. 042)

4.1.3.5 Piessurizer Pressure Signal Conventer

COMPONENT 1D
Tag Number: 2FY-4624-21 (Channel B only)
Model. Foxboro N-2A0-V2i
input Ranga: 0 to 10 vdc
Output Range: 4 10 20 mA
Thne Response: 0.16 sec

PROCESS/ENVIRONMENTAL CONDITIONS

Amb Cal Temp (AMB): €0 degF

Abn Amb Temp (ABN): 105 degF

Ace Amb Temp (ACCH: 105 degF

DT (ABN-AMB): 45 degF

Power Supply Voltage: +15 vdc and -15 vdc

Power Supply Variance: 4 0.166%
ERROR SUMMARY

a ACCURACY (RA): +{ 0.50% SPAN)

b. CALIBRATION {CAL):
+{2 TIMES MORE ACCURATE THAN INSTRUMENT)
+](0.5 RA)"24(0.5 RA) 2]"0.5

c. DRIFT (DR): + (ACCURACY)
d. POWER SUPLLY EFFECT (PS): +(
+(
e. ABNORMAL TEMP. EFFECT (TE)
Less than #

% SPAN

0.50% SPAN;) per

5.00%

0.017% SPAN) (NEGLIGIBLE)

0.50% SPAN)per

preparer. 54 pate: 4352 Checker:_ % ___pate:2-3-92

50 degF

ERROR
% SPAN

0.5009% &

0.354% +

0.500% ¢

0.000% +

0.450% ¢

ERROR
PSI

15.000

10t ..

15.000

0.000

13.500

Page 21 of 49

Source
(6.22,6.37.b,6 37.9)
(5.22,6.37.%)

5.7

(6.7}

(6.30)

(31.0)
(6.24)
(6.24)

{6.35)
(3.14)

(6.35)

{3.11,3.2)

37N

{6.35,3.12)

(6.35)
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Calcutation No. 92-EG-0002-01, Rev. ({2)

The converter errgr {(8SC2) is as foliows:

RcF eSC2 =

ABN eSC2 =

ACC eSC2 =

4+ (RA + CAL)

+ (RA+CALYI"2+DP 24PS 2+ TE2)0.5

+ ((RA+CAL)2+DR"2+PS"2+TE2)'05

The output error term for the signal conventer (SC2) is given as tollows:

REF SC20 =

ABN SC20 =

ACC {LOCA) SC26 =
ACC (LOCA) SC20b =

ACC {LOCA) SC20t =

ACC (SLB) SC20 =
ACC {. .B) SC20b =

ACC (SLB) $C20. =

+ (8C10"2 + €8C2°2)°0.5

. 5

*

{SC10°2 + €SC2°2)"0.5
{SC10(LOCA)*2 + eSC2°2)0.5
SC1ob

SC20 + SC20b
8C2o0

{(SC1o{SLB)" 2 + eSC2°2)"0.5
SC1iob

SC20 + SC20b
SC20

Preparer L f Date: 9392 Checker: Jom  pate:3-3-92-

ERROR ERROR

% SPAN PSI
0.854% 4 25607
1.087% ¢ 32603

1.087% ¢ 32603

1.280% ¢+ 38.410
1.774% + 53.217
2376% ¢ 71.289
0.0350% » 2.700

2466% + 73989
2376% - 71.289

2.404% & 102,107
0.150% +  4.500

3.554% + 106.607
3.404% - 102.107

Source

Fage 22 of 49
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Calculation No. 42-EQ-0002-01, Rev. {(2)

4.1.3 6 Pressurizer Pressure Signal Converter

Tag Number:

Model:

Input Range: 4
Qutput Range: 4
Time Response:

Amb Cal Temp (AMB).
Abn Amb Temp (ABN):
Acc Amb Temp (ACCY:
DT (ABN-AMB):

Line Voltage:

Line Voit. Varance:
(DY)

a. ACCURACY (RA):
SETTING TOLERANCE (ST):

DEVICE TOLERANCE (DTOL):

b. CALIBRATION (CAL).

lq,_ﬁ ¢. DRIFT (DAY
- a

d. TEMPERATURE EFFECT (TE):

e. LINE VOLTAGE EFFECT (LV}):

Preparer. L&A Date: 3-3-% Checker: Jomn

COMPONENT 1D

2PY-4624-1A 2PY-4624-2A 2PY-4624-3A 2PY-4624-4A
Fischier & Porter SOEK1000

10 20 mA
10 20 mA
0.523 sec

PROCESS/ENVIRONMENTAL CONDITIONS

60 degF
105 degF
105 degF
45 degF
126 VAC
+ 10 VAC
%+ 8.3%
ERROR SUMMARY
1 0.25% ! 'ANj
+{ 0.25% SPAN)
+{ (RA + ST)% SFAN)
+{ 0.50% SPAN)
(NONE)
+ (DTCL)
{NONE}
QCO“E)

om:Q—B-‘ia.

S m ol adi N r— R

ERROR
% SPAN

0.250% x
0.250% ¢
0.500% ¢
0.000% +
0.500% %
0.000% +

0.000% ¢

ERROR
PSi

7.500

7.500

15.000

0.000

15.000

0.600

0.000

Page 23 of 43

Source

{5.22,6.37 6,6.37.9)
{6.226.37.1)
6.216.7)
(6.21,6.7)

(6.33)

{(3.1.0)
(6.24)
(6.24)

{6.37.0)
(3.9)

(6.36)
(3.20)

{3.5)

(3.19)

- {3.15)

(3.15)

P v T I B N RSN




Catculation No. 32-EQ-0002-01, Rev. 0(2)

The convener enor (8SC) is as follows:
ERROR ERROR

% SPAN PSi
I REF &SC = 4+ (DTOL « CAL) + 0500% ¢ 15000
B~ ABN eSC = 4 ((DTOL + CAL)"2 + DA"2 + TE*2 +LV"2)"0.5 4+ 0707% & 21.213
ACC eSC = + ((DTOL + CALY"2+DR"2+ TE"2 + LV"2)°0.5 + 0707% 3 21.213
The outpul error term for the signal converter (SC) is given as follows for channels A.C and D-
HEF SCo = + {(TRXo"2 + eSC"2)°0.8 3+ 0857% 4+ 19721
ABN SCo = + {(TRXe"2 + &SC2;°0.5 4+ 1.133% 3 34.003
ACC (LOCA)SCo = + {TRXo/LOCA)" 2 + eSC"2)"0.5 + 19845% 3 58362
ACC (LOCA) SCob = + Rb + 0080%+ 2700
ACC (LOCA) SCat = + SCo + SCob + 203%%+ 61L.082
@ - BCo -~  1.945% - 58362
. ACC (SLB) SCo = + (TRXo(SLB)"2 +eSC-2)"0.5 + 3118% & 93541
i ACC (SLB) SCob = + IRb +  0.150%+ 4.500
ACC {SLB) SCot = + 8Co+ SCob + 3.268% + 93.041
-~ SCo - 3.118% - 93.541

-

Freparer: REA  pae: -3-T cm_gtm pated-3-92




=

Calcutation No. 92-EQ-0002-01, Rev. 0(2)

The output error term for the signal converter (SC3) is given as follows for channel B:

REF 8C30 = x
ABN SC30 = L -
ACC (LOCA) 8C30 = +
ACC (LOCA) SC30b = 5 5
ACC (LOCA) SC3ot = +
AGC (SLB) SC30 = +
ACC (SLB) SC3ob = e
ACC (SLB) SC3o0t = +

(SC20°2 + €SC"2)"0.5
{8C20°2 + eSC*2)"0.5
{SC20{LOCA)"2 + €SC"2)°0.5
SC2ob

SC30 + SC3o0b
§C30

(SC20(SLB8)"2 + eSC-2)°0.5
SC20b

SC30 + SC3ab
SC3o0

Preparer. FSA _ Date: 934 Checker: Jien  paeqd-3-92

ERROR
% SPAN
1.374% %

1.910% #
2.479% +
0.090% +

2.569% +
2A479% -

3.476% %
0.150% +

3.626% +
3.476% -~

ERROR
PSi
41.235
§7.289
74.378
2.700

77.078
74.378

104.277

4.500

108. 17
104.287
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Calculation No, 32-EQ-0002-01, Pev. 0(2) Pags 26 of 49

4.1.3.7 Pressurizer Prassure Resistors

Source
COMPONENT 1D
Type: 250 ohm Resistors i (5.22,6.37.b)
Inpe * Range: B 1o 20 mA 8.7}
Quput Range: 1 to 5 wvic 8.7}
PROCESS/IENVIRONMENTAL CONDITIONS
Amb Cal Temp (AMB}: 60 degF = 15.6 degC {3.1.c;
Abn Amb Temp (ABN): 105 degfF = 40,6 degC {6 24;
Acc Amb Temp (ACC): 105 degF = 40.6 degC {8.24)
OT (ABN-AMB): 45 degF = 25 degC
+RRCR ERROR
ERROR SUMMARY % SPAN PSi
a. Accurancy (RA): + 0.10% SPAN + 0125% % 3.750 {6.13)
b Temp. Coeft, (TE) + 3 ppmidegC
0.009% SPAN (NEGLIGIBLE) + 0.000% 0.000 (6.23,3.12)
c. Stability (DR} + 35 ppmiyear
{22.5 months) 0.008% SPaN (NEGLIGIBLE) 4+ 0000% ¢+ 0.000 (6.23,3.12)
The resistor error {R) is as follows:
REF eR = + (RA) + 0.125% % 3.750
ABN &R = 1+ ‘RA) + 0.125% ¢+ 3.750
ACC &R = + (RA) + 0.125% % 3.750

P:epafer:___ﬁf_fi__ Date: 939 Checker_ 3L\ pate 4-3-92.
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Caloulztion No 92-FQ-0002-01, Rev. 0(2)

The ocutput error term for the resistor {R2) after the signal converner
is given as folows for channels A, C and D:

REF RZo = -
ABNR2) = +
ACC {LOCAj R20 = - -
ACC (LOCA) R20b = +
ACC (LOCA) R2ot = +

(SCo"2 + eR*2)"0.5
(SCo"2+eR"2)705
(SCo(LOCA)Y'2 + eR"2)°0.5
SCob

R20 + R20b
R2o

ACC (SLB) R2o = + (SCo(SLB)'2 + eR"2)"0.5
ACC (SLB) R2ob = + SCob
ACC (SLB) R2ot = + R20 + R2o00

- R2o

vP.'epare::_Ei:A_ Date: 9-3 %% Checker: JQ_IS N\ D&te:Q'B'ﬁl

S S w——r—

ERROR ERROR

% SPAN
+ 0.86689% ¢+
4+  140% #
+ 1.949% &
+ 0.080% +
+  2.039% +
-~  1.948% -
+ 3.121% ¢
+ 0.150% +
+ 3271% »+
- 3.121% -

e e e )

PSI
20.075

34 209
£8.483
2.760

61.183
58.483

83616
4.500

88.118
93.616
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Calcutation No. 92-EQ-0002-01, Rev. 0{2)

The autput error term for the resistor {R1) after the signal converter

is given as follows for channel B
REF Rio = + (SC30°2 +eR"2)"0.56
ABN Rio = + (SC30"2+eR"2}°056
ACC (LOCA)Rlo = + (S5C3c¢(LOCA)"2+eR"2)"0.5
ACC (LOCA) R1ob = + SC3ob
1 ACC (LOCA) Riot = + R1o+ Alob
- Rito
ACC (SLB)R1o = + (SC30(SLBY"2 + eR"2)"0.5
ACC (3LB) Riob = + SC3cb
| ACC (SLB) R1ot = + R10+Riob
- Rio

Ptepwer:_&___ Date: 9372 Checker: ;.xm Date: 3' 3.9

_____ i e i Pt e e B e D e e o e e e o e e e el

BT W R Ay PR —

ERROR ERROR

% SPAN
1.380% %

1.914% ¢
2.4R2% %
0.090% =+

2.572% +
2.482% -

PSi
41.405

57.412
74472
2.700

77472
74472

3.478%  104.355

0150% +

4.500

3.628% + 108.855
3.478% - 104355
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| Celoulation No. 92-EQ-0C22-01, Rev. 0{2)
The output error term for the resistor (R2) after the signal convester ERROR ERROR
] is given as foliows for channel B: 9% SPAN PSi
REF R2o = + (SC30*2+eR"2)"0.5 + 1.380% ¢ 41.105
ABN H20 = + (8C30"2 + eR"2)"0.5 + 1914% ¢+ S7.412
ACC (LOCA)R20 = + {SC30(LOCA)"2 + ¢R*2)°0.5 + 2482% ¢+ 74472
ACC (LOCA) R2ch = + SC30b + 00%% + 2700
)
ACC (LOCA) R2ot = + R20 . h20b + 2572% + 77172
- R2o - 2.48B2% - 74472
ACC (SLB)R20 = + (SC30(SLB)"2 + eR*2)°0.5 + 3.478% ¢+ 104355
ACC (SLB) R2ob = + SC3ob + 0.150% + 4500
ACC (SLB) R2o0t = + R20 + R20b + 3628% + 108855
- R2o - 3473% - 104355
\
: 3
-
! Preparer_ R4 Date: 9-3-9Z Checker: Jeny, pate:4-3-92.
| Qi et e
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Calculation No. 92-EQ-G002-01, Rev. 0(2)

4.1.3 B a Pressurizer Pressure Trip Bistabile

COMPONENT 1D
Tag Numbers: 2C23 A-BC-AS, 2C23 B-BC-BS6, 2C23 C-BC-C86, 2C23 D-BC-D6
2C23 A-BC-A25, 2C23 8-BC-B25, 2C23 C-BC-C25, 2C23 D-8C-D25
Model: CE Bistabls Comparator Card 26440
Instrument Range: 4] to 3000 PSiA
instrument Span: 3000 P3I
Cperating Range: 1 to 5 VDC
Fult Range: (4] to 10 VvDC
Conversion Factor: 750 psifvolt
Time Response: 150 msec
ERROR SUMMARY
a. ACCURACY {(RA) + 25 mV
(includes repeatabiiity and resoluticn)
. CALIBRATION (CAL) + 1250 mv
¢. DRIFT (DR): - 9.0 mV

(39 days)

d. WORST CASE MORMAL TEMPERATURE EFFECT (¢ TE « TED):
(For a temperature shift of 2¢ degC)

TE: + 5.07 mV

TEL : B 1.52 mV

Preparer; FEA  Date 9-3-9 cm«:__sjw pate: Q- 3-T2-

FRROR

% SPAN
0.625% ¢
0.313% ¢

0.225% %

0.127% +
0.036% +

ERROR
PSI

18.750

9.375

6.750

3.803
1.140

Source
6.22837.10)

6.226.37.5
&7

&7
{6.18)

6.18\

{6.18)
3.2)

{6.18)

(6.18}
(6.18)




REF eSU =

ABN eSU =

ABN eSUb =

ACC eSU =

ACC &SUb =

St B

. -

k4

bk

Calculation No. 92-EQ-0002-01, Rev. 0(2)

The Bistable Comparator Card error {(€5U) is as tollows:

{HA + CAL)

({RA+ CALY'24+DRE"2+ TE"2)°0.5
(TEb)

(RA + CAL}"2 + DR*" + TE*2)"0.5

(TED)

Preparer:__ReA Dats: 7392 Checker: _\_jt.rfl Date: 3-3-92_.

D P P S T

ERROR

% SPAN
0.938% +
0.972%
C.038% +
0.972%

0.038% +

ERROR
PSI
28.125
29.173
1.140
29.173

1.140
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Calculation Ne 92-EQ--0002-01, Rev. 1(2)

4.1.2 8 b Pressurizer Pressure Varable Setpoint Card

COMPONENT ID
Tag Numbers: 2C23 A-VS-A33, 2C23 B-VS-B33, 2C23 C-VS8-C33, 2C23 D-VS-D33
Model: CE Variable Setpoint Card 286480, 31480 {channel C)
Instrument Range: ¢} to 3000 PSIA
Instrument Span: 3000 PS8l
Operating Range: 1 10 5 VbC
Full Hange. (¢ o 10 vDC
Convarsion Factor: 750 psilvolt
ERROR SUMMARY
a. ACCURACY (RA) + 25 mV
{includes repeatability and resolutien)
b CALIBRATION (CAL) 4 12580 mv
c. DRIFT (DR} + 90 mVv
(39 days)

d. WORST CASE NORMAL TEMPERATURE EFFECT (¢ TE + TEb):
(For a temperature shift of 20 degC)
e’ +
TED : +

582 mV
3.38 mV

The Variable Setpoint Card efror {eSUTA) is as follows:

REF eSU1A = + (RA + CAL)

ABN eSU1A = + ((RA + CAL}"2 + DR"2 + TE“2)°0.5
ABN eSU1AD = (TED)

ACC eSU1A = + ((RA + CAL)*2 + DR*2 + TE*2)"0.5
ACC eSU1Ab = {TEb)

Pfeparet:___'e“ _ Date: 9-3-92 Checker: _Jmn pate: 9-3 92

-

ERROR ERROR

% SPAN PSI
0.625% ¢ 18.750
0.313% 4+ 9.375
0.225% ¢  6.750
0.146% +  4.365
0.085% + 2.535
0.936%+ 28.125
0.975%+ 29.251
0.085% + 2535
0.975% + 29.251
0.085% + 2535

Source

(6.22,6.37.0)
(6.22.6.57.4

(6.7}

(6.7)
(6.18)

(6.18)
(3.2}

(6.18)

(6.18,3.77)
(6.18,3.17)

e e L B L
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Calculation No, 92-EQ-0002-01, Rev. 0(2)

The oulput error term for the bistable card (SU2) for Channel B

is given as follows:
REF SU20 =

ABN SU20 =

ABHN SU20b =

ABN SU2o0t =

ACC (LOCA) SU20 =
ACC (LOCA) SUZ6b =

ACC {LOCA) SU20t =

ACC (SLB) SU20 =
ACC {SLB) SU2ab

ACC (SLB) SU20t =

Praparar: PEA Date: 9-5-92 Checker: JL'D pate: A-3- 9=

(R20°2 + eSU*2)"0.5
{R20°2 + €SU2}°0 5
{(eSUb)

SU2o + SUZab
SU2o0

(R20(LOCA)*2 + eSU“2)"0.5
{R20b + eSUD)

SU20 + SU20b

- SU20

(R20(SLB)"2 + €SU"2)"0.5
{(R20b + eSUb)

SU2o0 + SU20b
SuU2o0

%

ERROR ERROR

4% SPAN PSi
1.668% £ 50.054
2.147% ¢+ 64339
0.038% + 1.140

2.185% + 65.539
2.147% < 64.399

2666% ¢ 79.982
0.128% + 3.840

2.794% + B83eg22
2.666% - 79.982

36i2% ¢ 108.356
0.188% + 5.640

3.800% + 113.996
3.612% - 108.356

Page 360149




Calculation No. 92-EQ-0002-01, Rev. 0(2)

SU1A Qutput Errors

PERIODIC TEST ERROR =
+ (SU[RA)*2 + SU(DR)"2 + SU[CAL)*2 s SUTA(RA)*2 + SUTADR) 2 + SUTA(CAL)*2)"0.5

The output error term for the bistable cardivariable setpoint card (SU1/1A) for Channels A,
C and D is given as follows:

REF SU1/1A0 = + (R10°2 + eSU"2 + eSUTA“2)"0D.5
ABN SU1MMA0 = + {R10°2 + 8SU"2 + eSUTA"2)"0.5
ABN SUt/1Ach = {(eSUb + eSU1AD)
ABN St Aot = + SU1/1Ao + SUY/1Ach

- SUtf1Ao
ACC (LOCA) SU1/1A0 = + (R10(LOCA)"2 + eSU"2 + eSUTA"2j°0.5
ACC (LOCA) SU1/1A0b = (Rtob + eSUb + eSU1AD)
ACC (LOCA) St"1/1A0t = + SU1NM A0 + SUT/1A0D

- Sihl1Ao
ACC (SLB) SU11AD = + (R10{SLB)"2 + eSU"2 +eSUIA"2)"0.5
ACC (SLB) SU1/1A0h = (R1ob + eSUb + eSU1AD)
ACC (SLB) SU1M Aot = + SUt/1A0 + SU1/1Ach

- SutitAo

Proparer: £EA  Date:9-3-F2 Checker: a3r)  Date: -3 -T2

1.038% +

ERROR
% SPAN

1.485% 4
1.788% 3+
0.123% »

1.910% +
1.788% -

2.387% 3
0.213% +

2.599% +
2.387% -

3411% ¢
0.273% +

3.68B3% +

31.145

ERROR
PSI

44 554

53.637

3.675

57.312
53.637

71.602

6.375

77.8977
71.602

102.326

8.175

110.501

3.411% - 102.326

b
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Caiculation No. 92-EQ-0002-01, Rev. 0(Z)

4.1 5 Vohage Equivalents for Trip Setpoints and Allowabis Values

The PPS Cabinet input ranges from 1 to
This is equivalent 10 a process range of 0 to
Based on these endpants the following equation be derived.

g .
¢

V(PSIA) = {PSIA 7 75000 ) + 1.00
ViPs) = ( PSI | 75000 )
Value voltags
Trip Setpoints
sut 1717.4 PSIA 3.290 wvolts
Allowable Values
St 1686.3 PSIA 3.249 volts
Pretrip Setpoints
Su1 1803.75 PS!A 3.405 woits
Bypass Setpoinis
su2 500 PSIA 1.666 wvolts
Setpoint Step Increment 200 PSI 0.766 volts
Vanabile Setpoint Minimum 100 PSIA 1.134 wvolts
Low Setpoint Alarm 568.75 PSI 0785 volts
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Calculation No. 92-EQ-0002-01, Rev. 0(2)

& 0 Conclusion - Low Pressurizer Pressure:

The most conservative channel (B) loop errors for instrument 100p numbers 2PT-4624-1,
2PT.4624-2 2PT-4642-3 and 2PT-4624-4 are given below. The negative ABN and ACC
errars do not account for the Process measurement 6rrors (see Section 4.1.3.1) since

they do not attect the setpuints associated with this caleulation.

% SPAN PEI
REF SU1/1A0t = . 1.914% B §7.414
ABN SUMA0L = ‘. 2 480% . 74.405
B 2.358% - 70.730
ACC (LOCA) SUV1ADt = . 3.061% 4 81.538
- 2 83%% - 85.163
, ACC (S8LB) SU11A0L = + 4.014% * 120.409
o) - 3.741% - 112.204
REF 8U20 = . 1.668% + 50.084 |
ABN SU201 = * 2.186% . 65.639 . |
| - 2.147% - 64.399
r
| ACC (LOCA) SU20t = . 2.794% . 83.822 l
f - 2.666% - 79.982
| ACC (SLB) SU20t = . 3.800% . 113,996
L - 3.612% - 108.356
r,
‘( The setpoint for these instrument locps (8.
| s 17174 PSIA 3.290 VOLTS
| The allowable value for these instrument l0ops 1s. }
| sU1 1686.3 PSIA 3.249 VOLTS
The pretrip setpoint for these instrument loope is:
| sun 1803.7% PSIA 3.405 VOLTS
| The bypass setpoint for these instrument loops is: I
| suz §00.0 PSIA 1.666 VOLTS |
‘ The variable setpoint step increment for these instrument loops Is:
| su2 200.0 PSI 0.266 VOLTS
if The variable setpoint minimum for these instrument loops is:
3 sue 100.0 PSIA 1.134 VOLTS
The low setpoint alarm for these instrument loops 18
su2 588 8 PSI 0.785 VOLTG
The response time for these instrument Ioops (s
s 1.183 sec. (RPS)
SuUt 1.103 sec. (ESFAS)

preparer_ £%A4 ___ Date: 9:3-9% Checker: St pate: 392 |




BT e "

Caleulation No. 92-EQ-0002-01 Rev. 0(2) Page 45 of 49
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£600-2-M2001-M1-58, Rev.
6600-2-M2001-M1-59, Rev.

d) External Connection;: E-2951 Sh. 1, Rev, !4

E-2951 Sh, 2, Rev. 8

E-2951 Sh. 3, Rev. 8

. E-295! Sh. 4
} E-2951 Sh. §
| E-2951 Sh. 6, Rev.
E-2951 Sh. 7
E-2951 Sh. 8
E-2951 Sh. 9, Rev.
E-2951 Sh. 10, Rev. 8
E-2951 Sh. 11, Rev. 7

e) Fig. 8-1 (CE PPS Vol. Il TM C490.0850 Vol, 2 of 3)

f; sIMS Component List
g) P&ID: M-2230 Sh. 2, Rev, 13

6.38 ANO-2 Calculation No. 85-EQ-0004-10, Rev. 04.
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