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I PURPOSE

Determination of instrument loop accuracies of the EFIC - Main Steam Pressure transmitters MS-106 through
MS-113-PT for EFIC initiate and bypass permissive, “feed only good generator”, and atmospheric dump valve
control, for post-accident monitoring and for normal surveillance requirements.

Refer to Attachments 1 and 2 for the depiction of the main steam pressure loop string. Attachment 1 represents
EFIC Channels A and B. Attachment 2 represents EFIC Channels C and D.

Il DESIGN INPUTS (D)

1. Drawings that define the loop configuration and components; 205-039, sheets MS-01, MS-02, MS-03, MS-04
MS-05 and MS-06 (Reference 24 thru 29).

2 Pressure transmitters MS-106-PT through MS-113-PT are located in the Intermediate Building.

(1) Per drawing 308-129 (Reference 30), MS-110-PT and MS-112-PT are located on the south face of a
structural column on columnn line 310 and between rows 11/J2; and 53 inches above floor elevation
119'-0" in the Intermediate Building.

(2) Per drawing 308-129 (Reference 30), MS-111-PT and MS-113-PT are located on the southern structural
wall at column line 310 and row K1: and 53 inches above floor elevation 119'-0" in the Intermediate
Building

(3) Per drawing 308-130 (Reference 31), MS-106-PT and MS-108-PT are located on the northwest edge of
the structural platform adjacent to the stairs between column lines 309/310 and rows G/H1; and 53
inches above floor elevation 119'-0" in the Intermediate Building.

(4) Per drawing 308-130 (Reference 31), MS-107-PT and MS-109-PT are located on the southwest edge of
the structural platform between column lines 309/310 and rows H1/I1; and 53 inches above fioor
elevation 119'-0" in the Intermediate Building.

Per CMIS. MS-106-PT thru MS-113-PT are located in EQ Zone 16. Per the Environmental and Seismic
Qualification Program Manual (E/SQPM - Reference 8) EQ Zone 16 is "HARSH" and has the following

specffications:

Radiation - Normal: .0 x 10° rads TID for 40 year Juse
Radiation - Accident: 1.5 x 10* rads TID (40 year TID + 6 months)
Temperature - Normal: 80 to 135°F.

Temperature - LOCA The same as " Normal "

Temperature - HELB 149" 10 417°F.

Per drawing 308-129 (Reference 30) and 308-130 (Reference 31), the sensing lines are routed near the
proximity of the main steam lines and do not go outside the structural boundary of the Intermediate Building
area.

3. Enhanced Design Basis Document for Post Accident Instrumentation, Tab 5/11, (Reference 4), states that
the main steam pressure is a R G. 197 Type A, D, Cat 1 variable, as indicated and recorded in the control
room and on demand in the TSC and EOF (provided by RECALL) The CMIS shows these are required post-
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accident for six months. The post-accident LOCA (RB) and post-accident HELB (IB) environment are
different and both will be used to determine the error for post-accident monitoring (PAM) Instrumentation.

4. Enhanced Design Basis Document for Emergency Feed Water and Emergency Feedwater Initiation and
Control (EFIC), Tab 6/13, (Reference 5) states that the main steam pressure is used to initiate EFIC on low
pressure in either steam generator (SG), and "feed only good generator” (FOGG) as determined by SG
differential pressure. Main steam pressure is also used to compensate for SG fluid density and in
determination of level control in the steam generators.

5 Enhanced Design Basis Document for the Main Steam System, Tab 6/10, (Reference 6) Section 3 notes the
CR-3 Safety Analysis assumes the Atmospheric Dump Valves (ADV's) operate for Steam Generator Tube
Rupture (2101 ioss of electric power and Steam Line Break (SLB). The SLB is the only scenario which will
cause a harsh er.vironment for the transmitters in the IB. The Analysis Basis Document for Steam Line Break
(Reference 62) notes four cases (scenarios), where cases |, Il and IV assume the ADV's are available in the
analysis to function. The FSAR Section 14.2.2.1 4, (Reference 3) notes cases |, |! and IV are breaks within
the RB, and therefore would not cause a harsh environment for the transmitters in the 1B. Therefore a nion-
accident environment will be used for ADV actuation loop error.

6 Enhanced Design Basis Document for Remote Shutdown System, Tab 5/9, (Reference 58) gives the main
steam pressure range of 0 to 1200 psig. No accuracy requirements are given. Improved Technical
Specification Section 3.3.18 (Reference 2) gives the requirements for remote shutdown.

7. Instrument Data Sheets MS-106-PT thru MS-113-PT (References 23g, 230, 23t, 23x, 23ee, 23ll, 23gq and
23uu) show that the pressure transmitters are Rosemount Model 1154SHORA pressure transmitters with a
span of 0 to 1200 psig. The specifications for these transmitters are described in Instruction Manual #1896
(Reference 40) The transmitters have the following specifications (See Artachment 3):

Upper Range Limit (URL): 3,000 psig.
Reference Accuracy: + 0.25% of calibrated span.
Temperature Effect: +  (0.15% URL + 0.35% span)/50°F, between 40°F and 130 ‘F.

+  (0.75% URL + 0.5% span)/100°F, between 40°'F and 200 ‘F. (See
Attachment 17)

Drift (Stability): + 0.2% of upper range limit for 18 months. Atachment 16 documents
that the published drift specification is applicable for 30 months.

Overpressure Effect: + 0.5% of upper range limit after exposure to 4,500 psig.

Power Supply Effect: < 0.005% of output span per volt.

Steam Pressure/Temp: +  (20% URL + 0.5% span) during and after sequential exposure 1o

steam at the following temperature and pressure, concurrent with
chemical spray for the first 24 hours:

420°F, 85 psig for 3 minutes

350°F, 85 psig for 7 minutes

320°'F, 75 psig for 8 hours

265°F. 24 psig for 56 hours.

Seismic Effect + 0.5% URL after a disturbance defined by a required response spectrum
with a horizontal ZPA of 8.5 g's and a vertical ZPA of 5.2 ¢'s.
Radiation Effect + (0.2% URL + 0.2% span) during the first 30 minutes,

:  (05% URL + 1.0% span) after 55 x 10° rads TID;
+  (0.75% URL + 1.0% span) after 110 x 10° rads TID gamma radiation
exposure.
Mounting Position EHect No span effect. Effect is superseded by accuracy specifications
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(1) Per VQP INST-R369-04 (Reference 21), Tab F1, pages 9 & 10, the Rosemount product specffication for
radiation effects for the first 30 minutes was established based on radiation testing where the test units
were exposed 10 an accident dose rate of 2.07X10° R/Hr for the first 2 hours. The dose at end of the
first 30 minute exposure would be 1.035x10° R (a quarter of the 2 hour dose), and considerably more
than our expected radiation dose for Zone 16 (1.5X10* R for 40 years plus 6 months post-accident).
Therefore the Rosemount product specification radiation accuracy term for the first 30 minutes is
applicable for the error analysis under considerations

(2) Per the Enhanced Design Basis Document for the Main Steam System, Section 6/10 (Reference 6), the
main steam code safety vaives prevent the rise in the main steam pressures and the last bank of code
safeties open at a set pressure of 1100 psig. Therefore, the overpressure effect for the pressure
transmitters will be considered as + 0.0% since the pressure transmitters will not experience 4,500 psig.

(3) Per Letter LFM90-0006 (Reference 42); "It is not required to apply LOCA + MHE gimultaneously to
system functions.” Thus, a Seismic event (MHE) and a LOCA do not need to be considered to occur
simultaneously. Therefore, this calculation will only consider the LOCA /HELB effects (Radiation Effect
and Steam /Temperature Effect) since the Seismic Effect is less than the LOCA /HELB effects. Therefore,
the Seismic effect will be considered as + 0.0% for Normal and Accident conditions.

(4) Per Letter SNES94-0276 (Reference 43); ".. Rosernount has mnod thut any of theu mdhtlon lnduood
errors may be compensated by calibration yp 1o the teste 0l 1
or about 110 MRads. Thus, it is shown that compomtlonoftho mdhuon mducad onors by cdibmlon
is a viable method up to the qualification level of 110 MRads.

Per the Attachment to Letter SNESS4-0276; "The lower the dose rate, the lesser the effect on instrument
accuracy. For the lower dose rates (10* Rads/hour) it was shown that a TID of less than 1 x 10° Rads
resulted in a maximum output shift within the stated accuracy of the transmitter. These results are meant
1o be an aid in determining effects of radiation on accuracy of Rosemount transmitters.”

The highest dose rate expected for MS-106-PT thru MS-113-PT is 1.5 x 10 rads for 40 years plus 6
months per Design Input (DI) #2, therefore, the radiation effect for NORMAL. operating conditions will
be considered as + 0.00% since the transmitters receive less than 1 x 10° rads.

(5) The normal performance specification limits for temperature effects will be replaced by the steam
pressure;/ temperature effects whenever the ambient conditions exceed the specified Rosemount
temperature limits of 40°F to 200°F.

(6) Since the conditions required for the steam pressure/temperature effect during normal operating
condition is not applicable, therefore the normal steam pressure /temperature effect will be considered
as = 00 %

(7) The pressure transmitters installed are Rosemount Model 1154SH Range code 9 and according to the
manufacture's product literature (Attachment 3) these units have a sealed reference leg. This sealed
reference chamber was not evacuated nor was it sealed with a calibrated standard of atmospheric
pressure. The chamber was plugged with a pocket of air at whatever the atmospheric condition was at
the time of assembly. Because the chamber was not sealed with a known reference, there could be an
effect on the transmitters ability to correctly measure the process pressure. This effect will be evaluated
under process measurement errors in the Detailled Calculations section to establish the amount o
uncertainty this effect can contribute to the pressure reading.

D J
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8. Pressure Indicators MS-106-PI2 and MS-107-PI2 are located on Remote Shutdown Panel "A" and indicators

MS-110-PI12 and MS-111-PI2 are located on Remote Shutdown Panel “B* on the 108’ elevation of the Control
Complex.

Per the E/SQPM (Reference 8), the 108’ elevation of the Control Complex is designated as EQ Zone 43,
which is "MILD" and has the following specifications:

Radiation - Normal: 1.75 x 107 rads TID for 40 year dose.
Radiation - Accident: 1.75 x 10° rads TID (40 year TID + 6 months)
Temperature - Normal: 70" to 80'F.

Instrument Data Sheets MS-106-P12 and MS-110-Pi2 (Reference 23b and 232), which includes MS-107-P12
and MS-111-P12; shows that the pressure indicators are International Instruments Model 1251WV-B010DCV-
B010DCV with a 0 to 10 VDC input for a span of 0 to 1,200 psig. The specifications for this pressure
indicator is described in International Instruments Series 1151/1251 bulletin, which is located in Instruction
Manual 586 (Reference 35) The pressure indicator has the foliowing specifications (See Attachment 5)

Specifiad Accuracy: + 15% span for DC ranges.
Repeatability: + 2% span.
Minor Scale Division: 20 psig.

Per Assumption (A) #6, the SRSS (Square Root of the Sum of the Squares) methodology for the Specified
Accuracy and Repeatability will be used to determine the Reference Accuracy

Compensation modules (MS-106-PY1 thru MS-113-PY1), pressure initiate bistables (MS-106-PS1 thru
MS-113-PS1), pressure deltaP bistable (MS-106-PS2 thru MS-113-PS2), pressure permissive bistable
(MS-106-PS3 thru MS-113-PS3), pressure control modules (MSV-025-PC and MSV-026-PC), analog isolation
input modules (EF-100-EB2, EF-200-EB2, EF-300-EB1 and EF-400-EB1) and analog isolation output modules
(EF-300-EB2, EF-300-EB4, EF-400-EB2 AND EF-400-EB4) are electronic printed circuit cards that are
contained within the EFIC Cabinets A, B, C and D. The Cabinets themselves are located on elevation 124'-0"
of the Control Complex. Also found in each of the cabinets is a zero (0) to 32 volt DC power supply that is
the source of power for the main steam transmitters

Per the E/SQPM (Reference 8), the 124'-0" elevation of the Control Complex is designated as EQ Zone 58,
which Is * Mid * and has the following specifications:

Radiation - Normal: 1.75 x 10° Rads TID for 40 year dose.
Radiation - Accident:  1.75 x 10° Rads TID (40 years TID + 6 months).
Temperature - Normal 70°F to 80°F

The functional elements of processing the main steam pressure signal are shown on the EFIC module
connection diagram drawing series (Reference 68a thru 68c and 68f). The module connection diagram
drawings are simpiified versions of the manutacturer's functional logic diagram drawings. The element errors
are as described in B&W document 51-1142173-00, attached to Quality Document Transmittal for MAR 80-
1)-66-09, dated 9/20/85 - SEEK Reel 3232 Frame 853 (See Attachment €). The individual element errors
involved in the processing of the various output signals are noted below:

The Compensation Moduie

Input Buffer /Scalar - specified accuracy: : 0.25% span
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Output Buffer /Scalar - specified accuracy: =+ 0.25% span
Summer - specified accuracy + 0.25% span

[Note that the scalar used in processing the SG pressure differentials has a subtractor (summer) whose
output (C) is the sum of the inputs. with one having change in sign, each with a constant (K), or, C = KA
+ K,B. From Reference 1, Section 4.3, the equation for the propagation of error thru the Summer is e =
[(K.a)? + (K,b)? +e?]*. Since the proportion of input is the same from each SG, K is 1, and the errors are
just SRSS in the loop equation)

The Bistable
Specified accuracy

The Control Module

Subtractor - specified accuracy 0.25 % span
Proportional Plus Integral - specified accuracy 0.25% span
Setpoint - specified accuracy + 0.10% span

Analog Isolation Modyles

Attachment 7 describes the Class 1E to Non-1E isolated analog circuit accuracy which also includes the
inaccuracy of the digital isolators. The signal process error for the combined analog isolator input module,
digital isolator and analog isolator output module is

Specified accuracy t 0.5% span

Instrument Data Sheets EF-100-JX6 (Reference 23eee), EF-200-JX6 (Reference 23ggg). EF-300-JX6
(Reference 23kkk), and EF-400-JX6 (Reference 22000) show that the EFIC sensor power supplies are
Lambda Electronics LCS-A-03 Series regulated power supply with a 0 to 32 VDC output. The specifications
for these power supplies are described in Lambda LCS-A Series Instruction Manual which is located in FPC
Instruction Manual 1172, Volume 1 (Reference 36). The power supplies have the following specifications (See
Attachment 15)

Output 0-32VDC

Output Setting 32 VDC

Regulation - Line 0.01% plus 1.0 millivolt for input variations from 105 - 132 or 132 - 105 volts
AC

Regulation - Load 0.01% plus 1.0 millivolt for load variations from no load to full load or full
load to no load

Temperature Coefficient (0.015% + 0.3 millivolt) /°C

(1) Power supply EF-100-JX6 provides power to MS-106-PT and MS-110-PT. Per drawing 210-769
(Reference 64) ehow that the EFIC " A " cabinet power supply source is fed from 120 VAC Vital Bus
3A, VBDP -8, Fuse #8. The electrical one line diagram drawing 206-041 (Reference 63), shows that
VBDP-8 can be fed from either the dual input inverter 3A (VBTR-1A) or the 480 V ES MCC 3A2 thru
the 30 KVA voltage regulating transformer VBTR-4A According to the enhanced design basis
document (EDBD) for the Class 1E - Alternating Current (AC) system (Reference 59) lists the design
regulation parameters associated with VBIT-1A and VBTR-4A to VBDF-8 as being + 1% 10 ensure
that the line voltage is maintained within the design requirements of the EFIC Cabinet
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(2) Power supply EF-200-JX6 provides power to M7-107-PT and MS-111-PT. Per drawing 210-771
(Reference 65) show that the EFIC " B * cabinet power supply source is fed from 120 VAC Vital Bus
3B, VBDP-10, Fuse #6. The electrical one line diagram drawing 206-041 (Reference 63), shows that
VBDP-10 can be fed from either the dual input inverter 3B (VBTR-1B) or the 480 V ES MCC 3B1 thru
the 30 KVA voltage regulating transformer VBTR-4B. According to the enhanced design basis
document (EDBD) for the Class 1E - Alternating Current (AC) system (Reference 59) lists the design
regulation parameters associated with VBIT-18 and VBTR-4B to VBDP-10 as being + 1% 10 ensure
that the line voltage is maintained within the design requirements of the EFIC Cabinet.

(3) Power supply EF-300-JX6 provides power to MS-108-PT and MS-112-PT. Per drawing 210-772
(Reference 66) show that the EFIC * C * cabinet power supply source is fed from 120 VAC Vital Bus
3C, VBDP-g, Fuse #6. The electrical one line diagram drawing 206-041 (Referance 63), shows that
VBDP-9 can be fed from either the dual input inverter 3C (VBTR-1C) or the 480 V ES MCC 3A2 thru
the 30 KVA voltage regulating transformer VBTR-4C. According to the enhanced design basis
document (EDBD) for the Class 1E - Alternating Current (AC) system (Reference 59) lists the design
regulation parameters associated with VBIT-1C and VBTR-4C to V3DP-9 as being + 1% to ensure
that the line voltage is maintained within the design requirements of the EFIC Cabinet.

(4) Power supply EF-400-JX6 provides power to MS-109-PT and MS-113-PT. Per drawing 210-773
(Reference 67) show that the EFIC * D * cabinet power supply source is fed from 120 VAC Vital Bus
3D, VBDP-11, Fuse #6. The electrical one line diagram drawing 206-041 (Reference 63), shows that
VBDP-11 can be fed from either the dual input inverter 3C (VBTR-1D) or the 480 V ES MCC 3B1 thru
the 30 KVA voltage regulating transformer VBTR-4D. According to the enhanced design basis
document (EDBD) for the Class 1E - Alternating Current (AC) systsm (Reference 59) lists the design
regulation parameters associated with VBIT-1D and VBTR-4D to VBDP-11 as being + 1% to ensure
that the line voltage is maintained within the design requirements of the EFIC Cabinet.

For conservatism, the total effect associated with the power supplies will be considered as follows for
the transmitters with the highest allowable voltage setting on the Lambda power supply being 32 VDC:
Line Regulation + {0.01% of setting voltage + 1.0 mV)

+ [(0.01%) x (32 VDCj] / 100% + 1.0 mV

+ (0032 VDC ) + (0.001 VDC)

+ 0.0042 VDC

+ [(0.0042 VDC/32 VDC)] x 100%
+ 0.0131%

Load Regulation + (0.01% of setpoint + 1.0 mV)

+ [(0.01%) x (32 VDC)] / 100% + 1.0 mV
+ (.0032 VDC ) + (0.001 VDC)

+ 0.0042 VDC

+ [(0.0042 VDC/32 VDC)] x 100%

+ 0.0131%

U DO B B B

Total Regulation Line Regulation + Load Regulation
+ [0.0131% + 0.0131% ]

+ 0.0262%

L

L}

Temperature Effects + (0.015% + 0.3 millivoit)/°C
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Per design input (D) #10, the temperature range for the power supply is 80'F - 70°F = 10°F. Therefore
the temperature change is equal to [ 10°F x (5°C/9°F)] = 556 'C.

+ [(0.015% x 32 VDC)]/100% + {0.3 mV(5.56°C)}/ C
+ [(0.0048 VDC) + (0.00167 VDC))

+ (0.00647 /D"/32 VDC) x 100%

« 0.0202%

% N 0

Therefore, the Total Power Supply Effect will be determined from the SRSS of the total regulation and the

temperature effect:
Total Power Eff + {| Total Regulation)® + [ Temperature Effect]®} '

+ {[0.0262%]° + [0.0202%)°}'"*

+ {(0.00069) + (0.00041)}'?

+ [0.0011)"#

+ 0.0332%

+ (0.0332% x 32 VDC) = : 0.0106 VDC

13. Pressure indicators MS-106-P11, MS-107-PI1, MS-110-PI1 and MS-111-Pl1 and pressure indicating recorders
MS-106-PIR MS-107-PIR, MS-110-PIR and MS-111-PIR are located in the Main Control Room on the 145’
elevation of the Control Complex

Per the E/SQPM (Reference 8), the 145’ elevation of the Control Complex is designated as EQ Zone 13,
which is "MILD" and has the following specifications.

Radiation - Normal: 1.75 x 10° rads TID for 40 year dose.
Radiation - Accident: 1.75 x 10° rads TID (40 year TID + 6 months).
Temperature - Normal: 70" to 80°F.

14 Instrument Data Sheets MS-106-PI1 including MS-110-PI1 and MS-107-PI1 including MS-111-Pi1 (Reference
23a and 23i) stiow that these pressure indicators are International Instruments Model 1251WV-B010DCV-
BO10DCV with a 0 to 10 VDC input for a span of 0 to 1,200 psig. The specifications for this pressure
indicator is described in International Instruments Series 1151/1251 bulietin, which is located in instruction
Manual #1300 (Reference 38). The pressure indicator has the following specifications (See Attachment 5).

Specified Accuracy + 15% span for DC ranges.
Repeatabiiity: + 2% span.
Minor Scale Division: 20 psig.

Per Assumption (A) #6, the SRSS (Square Root of the Sum of the Squares) methodology for the Specified
Accuracy and Linearity will be used to determine the Reference Accuracy.

15. Instrument Data Sheets MS-106-PIR including MS-110-PIR and MS-107-PIR including MS-111-PIR (Reference
23c and 23k), shows that the pressure indicating recorders are a Foxboro Model N227P-2R6-CS-N/SRC with
an 0 to 10 VDC input for a span of 0 to 1,200 psig. The specifications for this pressure indicating recorder
are described in Foxboro Product Specifications PSS 9-7C1-A which is located in Instruction Manual #1524
(Reference 57) The pressure indicating recorders have the following specifications (See Attachment 10):

Indicating Accuracy + 0.5% of span
Recording Accuracy: +  0.75% of span
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Temperature Effect: + 0.5% of span/50°F change.
Humidity Influence:

Indicating: + 0.3% of span for a change of 50 to 95% relative humidity.

Recording: + 0.75% to - 1.5% of span for a change of 50 to 95% relative humidity.
Power Supply Effect: < 0.1% of span for +5% change from nominal.
Minor Scale Division: 50 psig (Indicating)

20 psig (Chart)

16. Instrument data sheets ZZ-001-JY (Reference 23ppp) and ZZ-002-JY (Reference 23qqq) list that Foxboro
Model N2AX-PS9A nest power supplies are used to supply power for the above mentioned Foxboro pressure
indicating recorder. The Specifications for these power supplies are described in Foxboro Tl 2AX-151, which
is located in Instruction Manual #1524 (Reference 57). The power supplies have the following specifications
(See Attachment 11):

Output: +15 VDC at 1.5 amps and -15 VDC at 1.5 amps.
Regulation - Line: 0.2% output voltage change for + 10% change from nominal line voltage.
Regulaticn - Load: 1.5% output voltage change for load change from 50 to 100%.

Power supply ZZ-001-JY provides power to MS-106-PIR. Per drawing 210-814 (Reference 71) show
that the ZZ-001-JY power supply source Is fed from 120 VAC Vital Bus 3A, VBDP-3, Breaker #2. The
electrical one line diagram drawing 206-041 (Reference 63), shows that VBDP-8 can be fed from
either the dual input inverter 3A (VBTR-1A) or the 480 V ES MCC 3A2 thru the 30 KVA voltage
regulating transformer VBTR4A. According to the enhanced design basis document (EDBD) for the
Class 1E - Alternating Current (AC) system (Reference 59) lists the design regulation parameters
associated with VBIT-1A and VBTR-4A to VBDP-3 as being + 1% to ensure that the line voitage is
maintained within the design requirements of the EFIC Cabinet.

Power supply ZZ-002-JY provides power to MS-107-PIR. Per drawing 210-814 (Reference 71) show
that ZZ-002-JY power supply source is fed from 120 VAC Vital Bus 3A, VBDP-4, Break #11. The
electrical one line diagram drawing 206-041 (Reference 63), shows that VBDP-8 can be fed from
either the dual input inverter 3B (VBTR-1B) or the 480 V ES MCC 3B12 thru the 30 KVA voltage
regulating transformer VBTR-4B. According to the enhanced design basis document (EDBD) for the
Class 1E - Alternating Current (AC) system (Reference 59) lists the design regulation parameters
associated with VBIT-1A and VETR-4B to VBDP-4 as being + 1% to ensure that the line voitage is
maintained within the design requirements of the EFIC Cabinet

For conservatism, the total regulation associated with the power supplies will be considered as = 1.7%
(0.2% + 1.5%) for the transmitters and recorder

17 Foxboro distribution module (terminal block) MS-106-PY3 including MS-110-PY3 and MS-107-PY3 including
MS-111-PY3 (References 23h and 23p), will not be considered in this calculation, because the above
mentioned modules are only used for distribution or for testing. The modules do not contribute to the loop

18 The I&C Design Criteria (Reference 1) and Calculation 1-89-0004 (Reference 14) provide the bases for the
development of calculations which require the incorporation of Insulation Resistance (IR) effects.

19. Per Calculation 1-88-0015 (Reference 16), the following is a list of the circuit data for the loop components
which are located in a "HARSH" environment:
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(a) Rosemount Model 1154 Series H transmitter

(b) Rosemount conduit seal.
(c) Circuit number MSS43 (EK-36A, Reel 002).

(d) Circuit Length - 282 feet.
(e) 1 splice in circuit

(3) Sensor: MS-108-PT
(a) Rosemount Model 1154 Series H transmitter

(b) Rosemount conduit seal.
(c) Circuit number MSS47 (EK-35A, Reel 336)

(d) Circuit Length - 351 feet
(e) 1 splice in circuit

(5) Sensor: MS-110-PT
(a) Rosemount Model 1154 Series H transmitter

(b) Rosemount conduit seal.
(c) Circult number MSS42 (EK-36A, Reel 004).

(d) Circuit Length - 435 feet.
(e) 1 splice in circuit
(7) Sensor: MS-112-PT
(a) Rosemount Model 1154 Series H transmitter

(b) Rosemount condult seal
(c) Clrcult number MSS46 (EK-35A, Reel 336).

(d) Circult Length - 386 feet.
(e) 1 splice in circuit
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(1) Sensor: MS-106-PT (2) Sensor: MS-107-PT

(a) Rosemount Modei 1154 Series H
transmitier.

(b) Rosemount conduit seal.

(c) Circuit number MSS45 (EK-37A, Reel
002).

(d) Circuit Length - 317 feet.

(e) 1 splice in circuit

(4) Sensor: MS-109-PT

{a) Rosemount Model 1154 Series H
transmitter.

(b) Rosemount conduit seal.

(¢) Circuit number MSS49 (EK-35A, Reel
327).

(d) Circuit Length - 324 feet.

(e) 1 splice in circuit

(6) Sensor: MS-111-PT

(a) Rosemount Model 1154 Series H
transmitter.

(b) Rosemount conduit seal.

(c) Circuit number MSS44 (EK-37A, Reel
002).

(d) Circuit Length - 393 feet.

(e) 1 splice in circuit

(8) Sensor: MS-113-PT

(a) Rosemount Model 1154 Series H
transmitter.

(b) Rosemount conduit sea

(c) Circuit number MSS48 (EK-35A, Reel
327).

(d) Circuit Length - 394 feet.

(e) 1 splice in circuit

20. Calculation 1-88-0009 (Reference 15) depicts a generic 4 - 20 mADC instrument sensor circuit and covers
the design input aspects given to the derivation of the insulation resistance error equation. The circuit
presented in the calculation is a representation of ungrounded voltage power supply loop. Also, the
calculation itself is only concerned with the current leakage path resuiting from a degradation of dielectric
material to cause a conductor to conductor IR affect. For a conductor to conductor current ieakage path
configuration this results in an insulation resistance loop error of magnitude in the positive direction.

Closer examination of the internal cabinet wiring drawings (Reference 33, 34, 68g and 68h) for the circuit
mentioned in the calculation, has identified that the common (or negative) side of the circult is not

O
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ungrounded. Tracing the common (or negative) side wire leads has shown that these are all grounded to
an isolated instrument ground bus within the cabinet which is tied to the plant’s instrument ground grid. This
loop configuration differs from the generic application covered in calculation 1-88-0009 (Reference 15), where
two additional current leakage paths are now introduced for a grounded voltage source.

Consideration is now given to looking at a grounded transmitter loop configuration in a harsh environment
where a conductor to ground current leakage path is created on the positive side of the loop. A leakage
path on the positive side of the circuit causes an increase in the current output from the voltage source .
The consideration of this resistive ground path can be ignored since the voltage source will maintain the
increase in current load and not affect the current path through the transmitter and the instrument load
resistance. The second consideration that needs to be taken into account is a conductor to ground current
leakage path on the common (or negative) side of the circuit which results in the leakage path bypassing
a portion of the transmitter current around the load impedance (R,) to the common side of the voltage
source through the ground path. The leakage current in this case is a negative bias opposed to the positive
bias noted in the first consideration. The magnitude of this current is a function of the leakage path to
ground resistance and voltage drop across the loop resistance. Therefore, this ground leakage is greatest
on the full signal output for the loop when the transmitter current is 20 mADC, as opposed to the conductor
to conductor leakage being the greatest at minimum signal (i.e. 4 mADC).

Utilizing the approach given in calculation |-88-0009 (Reference 15) for determination of the IR error, except
considering the transmitter current at 4 mADC, the following equation will be used in caiculating the positive
bias IR error for a conductor to ground transmitter circuit loop:

Aw - + [(v,- Ry / (I, x {R, + R.})] x 100

where: V power supply voltage = 32 volts

L]

R, = equivalent resistance of the loop in a mild environment = 625 ohms

L = loop current span = 16 mA

I = loop current across the transmitter = 4 mA.

R, = equivalent parallel resistance of the cables, splices and connectors in a

harsh environment.

Substituting the constants into the equation, we have;
Ay + [(32 - (625 x 0.004) ) / (0.016 x {625 + R,})] x 100

+ [(32 - 25) / (10 + 0.016R,)] x 100

+ [295 / (10 + 0.016R,)] x 100

 n 8

Again utllizing the approach given in calculation 1-88-0009 (Reference 15), the following equation will be used
i, ~alculating the negative bias IR error due to a conductor to ground current ieakage path on the common
(or negative) side of the transmitter loop circuit:

As = - [(R)y) / (i, x {R, + R,})] x 100

equivalent resistance of the loop in a mild environment = 625 ohms
loop current span = 16 MA

loop current across the transmitter = 20 mA

equivalent parallel resistance of the cables, splices and connectors in a
harsh environment.

-
" n "N

Substituting the constants into the equation, we have;
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An = - [(625 x 0.020) ) / (0.016 x {625 + R,})] x 100
. - [(12.5) / (10 + 0.016R,)] x 100

Per Section 6.2 B of the Instrument String Error/Setpoint Determination Methodology (Reference 1) “IR error
due to accident environments are considered systematic.” The error term is therefore, additive

21. The cables used in the instrument loops are CR-3 Bill Of Material (B O.M ) type EK-35A, EK-36A and EK-37A
which are all 2 conductor #16 AWG cable. Vendor Qualification Report CABL-B365-01 (Reference 18) is
used to determine the IR value associated with these cable types. Per Tab i1 of the VQP, all of the cable
has similar construction as the BIW (Boston Insulated Wire) Bostrad 7E, whose test results are documented
under the VQP.

The peak temperature in the Intermediate Building (IB) is 417°F per Design Input (DI) #2. This temperature
peak in the IB lasts approximately 31seconds before returning to 300°F within 3 minutes.

BIW Bostrad 7E cable was tested under Sandia National Laboratories Report SAND89-1755C, which is
included as Attachment B2 to Calculation 1-88-0004 (Reference 14). Per Conclusion 4 e of the Sandia report;
“Total thermal lag time was typically 3 minutes for multi-conductor cables and 30 seconds for single
conductors.” Under Tab I8, page 2 of the VCP report a thermal finite element analysis found that the BIW
when installed in conduit is exposed to a maximum temperature excursion of 338°F before falling off to
below 300°F. Therefore the minimum cable IR of 2.9 x 10° ohms for the 20 foot specimen length, which is
listed in Figure 7 of VOP CABL-B365-01 (Reference 18) will be used in this calculation. Therefore, the
following information is applicable:

Specimen Length (Lg, ) 20 feet.
Minimum IR value (R.): 2.9 x 10° ohms at 300°F

The cable IR (R, is derived from the cable qualification test specimen IR (R_}, the specimen length (Lg,)
and the total length of cable in the HARSH environment (L.,,), in feet. Therefore, the following formula is
used:

Ree = (Re X Lgo) /lexr

22. Based on the Walkdown Packages for transmitters MS-106-PT thru MS-113-PT (Reference 22), the splices
in the circults associated with MS-106-PT thru MS-113-PT consists of butt splices with Raychem heat shrink
tubing. No non-standard splice configurations were identified. The splices at the transmitters were identified
as having Raychem WCSF-N tubing sleeves, therefore, VQP TERM-R098-04 (Reference 20) which documents
the test data associated with Raychem WCSF-N splice sleeves will be used for this calculation.

Per Tab F5 of the VQP (Wyle Test Report 58442-1), each test circuit consists of three (3) test splices each
consisting of a single layer of WCSF-N sieeving. Per Table 1 of the test report, the minimum IR during the
simulated LOCA /MSLB :est was.

Cable Splice (Ry) 1.8 x 10" ohms at 314°F (excluding the test specimens that had cable
insulation failures)

Figure 1 of Tab D1. in the above mentioned VQP, describes the thermal lag associated with the Raychem
sleeving The RB temperature profile and the thermal lag associated with the Raychem sleeving cross at
approximately 310°F Therefore, the use of the 1.8 x 10’ ohms at 314°F is acceptable
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23 VQP INST-R369-04 (Reference 21) covers the nuclear qualification testing of the Rosemount Model 1154

Series H transmitters. Tab F3, page 4 and 38, specify that a Swagelok fitting and a length of copper tubing
be used to seal the electrical condult entries in preparation for testing the units in a steam/temperature
environment within a steam chamber. No conduit seal assembly was used for the test duration. Tab B -
Summary of Qualification; Paragraph 3.1 within the VQP instructs the use of a Rosemount 353C conduit seal
to avoid moisture intrusion into electronics housing portion of the transmitter assembly. The walkdown
packages covering the transmitter installations identified that a conduit seal connector was fitted onto each
transmitter's electronic housing.

VQP PEN-R369-01 (Reference 19) documents the testing of the Rosemount Model 353C conduit seal.
Calculation 1-88-0003 (Reference 13) calculated an IR based upon the acceptance criteria given in the test
repon, in which the voltage measured across the 500 ohm resistor in the test loop could not skt by more
than 40 mV. According to the calculetion, the test set-up used in the qualific” “on test measured total leakage
(lead-to-lead and leads-to-case). It further added that since it is not possible to determine how the leakage
is divided, all measured leakage current was assumed to be lead-to-lead leakage. The calculation then used
the 40 volts between the seal leads to arrive at an IR value of 5 x 10° ohms. This value is conservative since
it represents the maximum allowed deviation for the conduit seal and is used in ths instrument string error
calculation for the post accident monitoring conditions.

Condult Seal (Rg,,): 5 x 10° ohms for temperatures up to 420°F, based on the above
mentioned VQP.

In determination of an IR value for the low pressure initiate condition, a more realistic approach needs to
be taken in order demonstrate that the conduit seal IR affect when combined with the other component IR's
has a negligible affect on the string error. To arrive at this conclusion the actual test data from the VQP is
used to determine the appropriate IR value. Rosemount tested two different design seal configurations and
according to Tab 14, page 2, the conduit seals furnished to CR-3 are of the Design 2 configuration. Per Tab
F. Appendix A, page 18, the initial LOCA test was interrupted due to steam escaping from the chamber and
an inspection was performed of the test units which revealed that the heat shrink tubing on the lead wires
of the units had been perforated during the test setup. A modification of the configuration was made, and
the units were re-tested. The results of the test showed that a maximum shift of 21 mV was observed on unit
ADO3 during the first test and 4 mV during the re-test. The other unit (AD01) had suffered degradation;
therefore, test data will be based on unit A003.

According to Tab 2, Sections 17.3.1 and 17.3.2 of the VQP PEN-R369-01 (Reference 19), the acceptance
criteria during the LOCA test for voltage shifts across the 500 ohm resistor and the IR measurement was 40
mV and 6 x 10° ohms. This IR measurement was 1o be taken from lead-10-case, as prescribed in Sections
17.2.4 and 10.1.2 4 2. Aithough the test procedure gave instructions for taking IR measurements while at
slevated temperatures during the test, this apparently was not done until after the chamber had cooled. (Tab
F1, Table 7). Therefore the only way to establish an IR value for the LOCA temperature is 10 evaluate the
voltage shift measured during the LOCA test.

One approach is 1o reason that the 40 mV and 6 x 10° ohms acceptance criteria correlaied a 4 mV shift
(representing 1/10 th of the acceptance criteria) which shouid translate into a lead-to- case IR value
approximately ten times that of the IR acceptance criteria, or 6 x 10* ohms.

Using the mathematical approach given in Calculation 1-88-0003 (Reference 13) and the 4 mV shift value
from the test, a leakage current of 0.004 V/500 ohms = 8 x 10 * amperes Tab F, Appendix A, page 2
indicates the voltage potential between leads was 40 volts Insulation resistance is then 40 V/8 x 10 *
amperes = 5 x 10° ohms, which agrees closely with that determined above
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26

27

28

29

Since the data does not indicate when the maximum 4 mV shift occurred, it is reasonable to assume that
it occurred at the maximum seal temperature (due to the nature of IR). According to page 19 of Appendix
A (Tab F) of the VQP (Reference 19), the specimen test chamber temperature was held at 320 °F for 8
hours whereby the conduit seal device would have experienced the same ambient condition. Therefore, a
reasonable estimate for an IR va'ue at 320°F for the seal is 5 x 10° ohms. This value along with the other
component IR values will determine the magnitude of the total circuit IR error such that it can be neglected
from consideration in the loop error calculation for the low pressure initiate condition

The Remote Shutdown equipment is not postulated to be required concurrent with a Design Basis Accident
(DBA), per FSAR Section 7.4.6.5 (Reference 3)

The “As-Left" tolerances are to be determined from the SRSS of the Reference Accuracy for all of the
components in the string. Since "As-Left" tolerances are only used to determine drift between calibrations,
only Normal operating condition parameters affect the determination of the tolerances.

The "Calibrated” Loop Error will be determined from the summation of the Calculated Loop Error and the
“As-Found" tolerances for the components in the loop plus anv Margin, if applicable. The "Calibrated” Loop
Error is the maximum error that operations could expect after the calibration of the loop.

The "As-Found" iolerances are to be determined from the summation of the "As-Left" tolerances plus the
SRSS of the Drift of any components and the M&TE error associated with the string.

"Partial Loop" tolerances are to be determined from the difference of the total loop tolerance ("As-Left" and
"As-Found") and the actuation device tolerances ("As-Left" and "As-Found®). "Partial Loop" tolerances are
determined to aid in the calibration of loops which include actuation devices (i e . pressure switches).

Future surveillance procedure revisions wili use the test equipment listed below for the main steam pressure

loop strings. Therefore, M&TE crror uncertainty as stated in calculation 1-95-0005 (Reference 41) will be as
follows:

a) The Druck DPI-510 Pressure Controller/Calibrator, has the capability for measurement 0 - 3000 psig.
Since our process measurement span is 0 - 1200 psig, the M&TE error uncertainty from Reference 41
has to be adjusted for the 1200psig span as follows:

For the pressure calibrator portion in Zone 5 (Intermediate Bldg. Elev 119'-0") as:
0 - 3000 PSI Range

DPI-510g,, =

o+

0 129% full scale

0.129% (3000 psig/1200 psig)
0.323 % span

"
122

1
i+

For the current measurement portion in Zone 5 (Intermediate Bidg. Elev 119'-0") as:

20mA Range

DP1-510;,, = + 0.372% span
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c

equipment has a M&TE error uncertainty of:

For current measurement in Zone 2 (Control Complex):

20mA Range
1974, =

+ 0.190% span

b) In accordance with Reference 41, the referenced document has determined that the Keithiey 197A test

In accordance with Reference 41, the referenced document has determined that the Fluke 8522A test
equipment has a M&TE error uncertainty of:

For current measurement in Zone 2 (Control Compiex):

1.-5 VDC Range

8522A,, = + 0.041% span
Q- 10 VOC Range

8522A,,,, + 0.023% span

30. Surveillance Procedures SP-146A (Reference 44) and SP-193A (Reference 45) have the following "As-Left"
and "As-Found” tolerances:

Loop End Device AS-LEFT AS-FOUND
MS-106-PY1 + 0.013 VDC + 0.042 VDC
MS-106-Pl1 + 15 PSIG + 20 PSIG
MS-106-P12 + 15 PSIG + 20 PSIG

MS-106-PIR (Chart) : 15 PSIG . 20 PSIG

MS-108-PIR (Indicating) : 25 PSIG . 25 PSIG
MS-106-PS1 + 0.008 VDC + 0.008 VOC
MS-106-PS2 - u.008 VDC + 0.008 VDC
MS-106-PS3 + 0.008 VDC + 0.008 VDC

MS-106-PT (Recall Pt. RCL252) + 24 PSIG + 36 PSIG
MS-107-PY1 + 0013 VDC + 0.042 VDC
MS-107-Pit + 15 PSIG + 20 PSIG
MS-107-PI2 + 15 PSIG + 20 PSIG

MS-107-PIR (Chart) + 15 PSIG + 20 PSIG

MS-107-PIR (Indicating) + 25 PSIG : 25 PSIG
MS-107-PS1 + 0.008 VDC + 0.008 VDC
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REMAR SF NUMBER FiLE

Loop End Device

AS-LEFT

AS-FOUND

MS-107-PS2

+ 0008 VDC

: 0.008 VDC

107-PS3

0.008 VCC

+ 0.008 VDC

108-PY1

+ 0.013 VDC

+ 0.042 VDC

108-PS1

+ 0.008 VDC

: 0.008 VDC

5-108-PS2

+ 0.008 VDC

+ 0.008 VDC

108-PS3

+ 0.008 VDC

. 0.008 VDC

S-109-PY1

i
|

S-108-PS1

+ 0.013 VDC

+ 0.042 VDC

+ 0.008 VDC

¢ 0.008 VDC

109-PS2

__1}7 1

+ 0.008 VDC

+ 0.008 VDC

-109-PS3

:+ 0.008 VDC

. 0.008 VDC

|

=S e D S

MS-110-PY1

._#,_,L -

+ 0.013 VDC

+ 0042 VDC

MS-110-Pi1

+ 15 PSIG

:+ 20 PSIG

MS-110-PI2

+ 15 PSIG

PSIG

N
+ 20

T =T
| |
! |
I
|

MS-110-PIR (Chart)

¢+ 15 PSIG

20 PSIG

|

MS-110-PIR (Indicating)

_ip— 44

15 PSIG

. 20 PSIG

_ﬁ'._“

i
|
|

MS-110-PS1

+ 0.008 VDC

: 0.008 VDC

MS-110-PS2

+ 0.008 VDC

. 0.008 VDC

MS-110-PS3

+ 0.008 VDC

+ 0.008 VDC

l

MS-110-PT (Recall Pt

- +—- —

RCL255)

MS-111-PY1

- —

)

&
!

S G S ———

MS-111-Pl1

|
|
|

MS-111-PI2

+
|
|
|

-
|
|

-~

MS-111-PIR (Chart) z

. 15 PSIG

T

MS-111-PIR (Indicating)

|

: 15 PSIG

MS.111-PS1

MS-111-PS2

-+
|

+ 0.008 VDC

ESE——

Viale
v

0.008

0.008 VDC

4 — 4 -—4

MS-112

PS3

.-
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Loop End Device AS-LEFT AS-FOUND
MS-113-PY1 + 0.013 VOC + 0.042 VDC

MS-113-PS1 + 0.008 VDC + 0.008 VDC

MS-113-PS2 0.008 VDC + 0.008 VDC

MS-113-PS3 + 0.008 VDC + 0.008 VDC

Surveillance Procedure SP-146A (Reference 44) has the following "As-Left” and "As-Found” setpoint data

Loop End Device AS-LEFT AS-FOUND

Voliage Engr'g Unit Voltaye Engr'g Unit
Setting Setting Setting Setting

MS-106-PS1 thru MS-113-PS1 3086 VOC 61776 PS €17.76 PSI

MS-106-PS2 thru MS-113-PS2 1.356 VDC 106 80 PSID 106 80 PSID

MS-106-PS3 thru MS-113-PS3 3.441 VOC 732.37 PSI 3.441 VDO 732.37 PSI

The position taken by ISA-RP67 04, Part ||, Paragraph 6.2.6.1 (Reference 56) which typically considers input
and output test equipment used during the calibration of a device as independent, and could thus be
combined by the SRSS method

Per Calculation 1-94-0012 (Reterence 17), the error associated with RECALL/SPDS is + 0.366% of Full

Scale Range (20 VDC or 4096 counts)

The NRC has accepted instrument error calculations based upon a 2 sigma confidence level via R.G. 1.105
(Reference 47). Per the I&C Design Criteria (Reference 1), published instrument errors are usually
expressed at a confidence level of 3 sigma, uniess otherwise indicated. That philosophy should be valid
for error terms which pertain to equipment operated in a controlied environment. However, for equipment
which must survive the environmental effects of an accident (LOCA, HELB), that philosophy cannot be
adhered to. The reason for such is that special environmental testing to quantify the temperature
pressure, and radiation effects due to accident conditions are usually done on too small a sample to
represent a 3 sigma value. Therefore, environmental error terms shall be considered as 2 sigma values
unless otherwise indicated. This calculation does not convert any 3 sigma non-environmental error terms
(i e reference accuracy, drift, etc ) into 2 sigma terms when it combines the non-environmental with the
environmental terms.  This approach adds conservatism 10 the end result

The foliowing method will be used to determine the overall error for component(s) and /or loop(s) that have
Positive (+) and/or Negative (-) Biases

Positive Biases will be added to the SRSS of the Positive random errors, while ignoring Negative
Biases

Negative Biases will be added to the SRSS of the Negative random errors, while ignoring Positive
Biases
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36 In the determination of the low steam generator pressure initiate and isolation setpoint, the caiculated

setpoint must be high enough to initiate main steam/main feedwater isolation on a depressurized condition
in either steam generator. Also, at the same time actuate the emergency feedwater system. This same
value must be low enough to avoid isolation of a steam generator during plant operation that is not
indicative of a depressurized condition. FSAR Chapter 14.2 2.1 (Reference 3) describes the depressurizing
condition occurring at 600 psig.

[ Note: In the original setpoint calculation as documented 1 FPC Calculation 1-84-0005 (B&W Document
ID 51-1153083-02) [Reference 9] this low pressure initiate point was identified to occur at 585 psig. This
pressure trip point was based on a Safety Analysis for Midland | and Il ]

The permissive for bypassing the EFIC trip setpoint must be accomplished when the main steam pressure
decreases below 750 psig in either generator and before reaching the low pressure initiate setpoint of 600
psig. The low pressure bypass permissive can be bypass whenever one of the two main steam pressure
transmitter's input has reached the pre-determined bistable setpoint. One permissive bypass will trip the
other regardiess of the other pressure signal level. The lowest of the two input pressure signals will also
be the first to actuate the low pressure initiate bistable. The setpoint condition must ensure operator
initiation of emergency feedwater in order to produce results that are bounded by the accident basis
analysis [or safety analysis]. During controlled plant start-up the steam generator bypass permissive
bistable automatically arms ftself. Reference 53 is the source document which explains the determination
for the acceptability of the 750 psig bypass setpoint. In addition, the setpoint must not interfere with plant
start-up and cooidown without causing spurious actuation of the EFW system.

Determination of the ADV pressure control setpoint dictates the controlled relief pressure for managing the
main steam line header pressure. The selected setpoint must not challenge the main steam code safeties
and at the same, avoid unnecessary release of mass energy (steam) up the vent stacks to atmosphere
during normal operation. According to Improved Techinical Specification paragraphs B3.7.1 and SR3.7.1.1
(Reference 2), both mention that one safety relief valve on each steam generator has a lift setpoint of 1050
psig ( + 3%). An administrative limit of 1050 psig is in place on valves MSV-33, MSV-34, MSV-35 AND MSV-
36 to maintain this as the minimum zero tolerance "As-Left" lift setpoint (Reference 49).

Curve 8 from Operating Procedure OP-103A (Reference 48) depicts the main steam operating pressure
for various plant power levels where at full power the maximum operating steam pressure is shown as
916 .5 psig.

The FOGG Logic Assessment Study (Reference 52 and Attachment 12) assumed a differential pressure
value of the 150 psid including a 25 psi margin for instrument error. Calculation 1-84-0005 (Reference 9)
assumes 150 psid with 12.38 psi error. The setpoint ensures that automatic isolation of emergency
feedwater occurs to a depressurized steam generator for varying sizes of steam line breaks.

Environmental conditions have an influence on transmitter accuracy where the influence is dependent on
the type of plant transient event causing substantial differences in ambient conditions. This calculation
considers the following environmental scenarios under which the transmitters will operate to satisfy the
design requirements

a Normal Environmental Conditions
b Environmental Effects Prior to EFIC - Low Pressure/Differential Pressure Actuation Following MSLB
c. Environmental Effects Post-Accident (MSLE)
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The above environmental conditions will now be discussed as to their impact on various transmitter
accuracy components (i.e. temperature, insulation resistance on the circuit, steam pressure /temperature,
and radiation)

The only effects considered are the transmitter temperature effects created by the differential
temperature between the transmitter's calibration temperature and the normai operating temperature
in the Intermediate Building. IR is not a concern since there is no steam environment and no high
temperatures present to reduce insulation resistance. As explained in DI7 4, radiation effects are not
a factor for the normal operating environment.

EQ Zone 16 lists that for a § hour duration period the zone is expected to experience an ambient
temperature change between 129°F and 135°F. This 5 hour variation in ambient condition could be
attributed to a plant upset event that resuits in the lifting of the main stean: code safeties. The mass
energy release through the 16 code safety vent stacks can create an immense amount of heat energy
that is radiated to the surrounding area to cause an increase in the ambient temperatures. This 5 hour
duration will be considered as an infrequent occurrence and have minimal impact on the transmitters
since they are located below the discharge point of the code safeties to the vent stacks. Therefore,
the transmitter will not be exposed to a surrounding ambient temperature (normal) of greater than 130
°F

The FOGG Logic Assessment (Reference 52) had examined a wide spectrum of main steam line break
cases in order to assess that sufficient differential pressure existed between two steam generators for
FOGG to function. The assessment concluded that given a main steam isolation vzive signal (low
pressure initiate) adequate differential pressure between the two generators was distinguishable to
cause a FOGG to occur. A review of the steam line break curves in the assessment document
(Reference 52) and the FSAR Figure 14-26 (Reference 3) showed that an affected steam generator can
depressurize to 600 psig anywhere between one second to 30 seconds (30 seconds being worse
case) depending on the steam line break size.

Since there is a thermal lag assoclated with the transmitter, the transmitter internals will not reach the
HELB Intermediate Buiiding temperature of 417°F (as per EQ Zone 16) before the main steam low
pressure actuation is reached. Rosemount conducted a thermal response test of the internals of its
11530 transmitter (using the same stainless steel housing as used on the subject transmitters) and
found the thermal time constant (o be approximately 4 8 minutes (Attachmerit 18). In addition, a letter
from Rosemount allows the use of this data on 1154 Series H transmitters (Attachment 18). Using a
lumped system analysis approach to heat transfer, a transmitter internal temperature at the time of
main steam actuation can be derived. This method provides good results whenever the internal
conductive resistance is small compared to the external convective resistance. Whenever this is true,
the temperature of the object will be spatially uniform at any given time. Rosemount used this
approach in Attachment 4 to determine transmitter internal temperature as a function of time. Using
the approach given in Attachment 4, the transmitter internal temperature can be derived 30 seconds
after the HELB occurs. As long as the time constant of the transmitter is much larger than the time
to EFIC - low pressure, the IB temperature rise can be treated as a step change. This does add
conservatism since a higher internal temperature will result. Therefore, using the lumped system neat
transfer analysis method, the internal electronic temperature can be determined at the low pressure
initiate (along with deltaP) using the equation from Attachment 4 will be:
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(T1-T0) = (T2 - TO)[1 - exp(-t/TC})]
LT =T0 + (T2 - TO)[1 - exp(-t/TC))

where:

T1 = Temperature of internal electronics board at time t

T0 = Temperature of internal electronics board at time 0

T2 = Temperature of the ambient at time t

TC = Time constant of transmitter housing (4.8 minutes or 288 seconds)
t = time

T 130°F + (417°F - 130°F)[1 - exp( - 30s/288s)]
130°F + (287°F)[1 - exp(-0.104)]

130°F + (287°F)[1 - 0.9012)

130°F + 28.36°F

158.36°F

158°F (Temperature rounded down)

U B B B B

As determined, the transmitter's electronic internal temperature has not heated-up to the surrounding
HELB temperature and actually lags it. This, then shows that the transmitter’'s temperature effect is still
within Rosemount's normal operating design limit of + 40°F and 200°F (DI #7). Therefore, the normal
temperature effects will be used in the determination of the transmitter inaccuracy for the low pressure
and differential pressure loop errors.

During the actuation period the instrumentation cable, conduit seals and splices are exposed to the
same elevated environment as the transmitter and a certain magnitude of IR may have an influence
on the loop error. As with the transmitter, there is a thermal lag associated with these devices. Rather
than performing a rather rigorous finite element thermal analysis on each device to determine its
approximate temperature at the time of actuation, the above lumped parameter approach will be used
for each device in order to show that the combined IR's have a negligible affect and therefore need
not be considered in the calculation of the loop error.

Design Input (Di) #21 states that thermal lag of multiconductor cable is typically about 3 minutes for
those mentioned in SANDBR-1755C. According to the report , this 3 minute period was the time it took
for the cable to reach a stable value of IR. The report does not cover how many time constant this
cteady state constant represents. Assuming this 3 minute represents 3 time constants, one time
constant would equal to 60 seconds. This time constant should be conservative since the cables were
not tested in condult. The main steam pressure transmitter instrumentation cable are routed in conduit.
The condult provides an additional thermal resistance to cable temperature increases and would thus
increase the actual thermal time constant of the cable (i.e. reduces the cable temperature).

Using the 60 seconds as a conservative thermal time constant, the following cable, temperature at the
time of the low pressure actuation can be determined using the same lump systems analysis

approach:
| - = 130°F + (417°F - 130°F)[1 - exp( - 30s/60s)]
= 130°F + (287°F)[1 - exp(-0.5))
= 130°F + (287°F){1 - 0.6065)
= 130°F + 112.93°F
= 242 83°F
by B A las
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From VQP CABL-B365-01, Figure 7 (Reference 18), the closest cabie temperature which matches the
above calculated value is listed as 250°F. The IR value listed for this temperature is 1.7 x 10’ ohms.

According to Tab 14 of VOP TERM-R098-04 (Reference 20), Raychem has not published data regarding
thermal lag through its WCSF-N splice sleeving; however, contained within Tab 14 are results of
laboratory testing done on a sample of WCSF-200 material. From those test resuits , a thermal time
constant for the main steam actuation period (0 - 30 seconds) based upon the inside sleeve
temperature will be determined using the same lumped systems analysis approach established earlier:

90°C = 50 + (225°C - 50°C)(1 - " ®™)
40°C = 175°C-175'C [e ™/

136°'C = -175'C [o ™/

077143 = @ ™/

02595 = -60s/TC

TC = 231.20 seconds

the inner sleeve temperature at low pressure actuation is therefore:

130°F + (417°F - 130°F)[1 - exp(-30s/231 20s)]
130°F + (287'F)[1- exp(-0.1298)]

130°F + (287°F)[1- 0.8783)

130°F + (287°F)[0.1217)

130°F + 3493°F

164 93'F

Tws

From VQP TERM-R098-04 Table 1 (Reference 20), the closest splice temperature that matches the
above calculated value is listed as 210°F. The IR value listed for this temperature is 4.6 x 10° ohms

No thermal time constant information is available for the Rosemount conduit seais used at the
transmitters: theretore, it will be conservatively assumed that the seal has the same thermal time
constant as the cable. This should be conservative since the seal is an extension of the cable and
more dense than the cable. From this assumption, the transmitter seal temperature at low pressure
initiation is assumed to be the same as the cable temperature of 243.93 F. Refering to Design input
(D) #23, the IR value was defined for our condition as 5 x 10° ohms.

With all of the pertient IR data assemblied, it can now be used to establish the magintude of these
combined affect has in contribution to the overall loop error. Using the equation from Design Input (DI)
#20, the magnitude of the IR affect is:

A, = +[285 /(10 + 0.016R.)] x 100
- [125 / (10 + 0.016R,)] x 100

'Ising the worst circuit length as being for MS-110-PT; L, for MSS42 is 435 feet

R = (1.7 x 10" ohms x 20 feet) /435 feet
= 0.782 x 10° ohms

R¢ = 46x10" ohms

Reea = 5% 10° ohms

1/R, =  [(1/0.782 x 10%) + (1/46 x 10%) + (1/5 x 10%)]
= [1279%x10® + 2174 x 10° + 2.00 x 107)
= 148x10°
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R, = (1/1.48x10%
= 0.676 x 10° ohms
A, + [29.5/(10 + (0.016 x 0.676 x 10%)] x 100

+ [20.5/(10826)] x 100

+ 0.272% span = (0.272% x 1200) = 3.26 psig

- [125/ (10 + (0.016 x 0.676 x 10%)] x 100

- [12.5/10826] x 100

- 0.115% span = -~ (0.115% x 1200) = - 1.38 psig

B W 0 N BB

The calculated IR affect for the low pressure errors is reiatively small in magnitude in comprasion to
the transmitter error of + 1.87% span. Therefore, IR affects will not he considered, since it is not
significant and would not appreciately change the magnitude of the ove: 4ll loop error accuracy which
is predominately dictated by the the transmitter error.

c. Environmental Effects Post-Accident (MSLB)
The steam pressu-e/temperature effects published in the transmitter litevature apply to the transmitter
since it will be exposed to the environment for the duration specified in the product specification.

There is no significant release of radiation on an MSLB, therefore, radiation effects are not considered
for this event.

I ASSUMPTIONS (A)

1. Assume that modules, indicators and recorders located in EQ Zones 13 (Control Room), 43 (Remote
Shutdown) and 58 (EFIC Rooms) are calibrated at 70°F, which is the lowest ambient temperature
condition to be expected for these Zones. This will ensure that any temperature effects are conservatively
calculated.

2. Assume that the pressure transmitters located in EQ Zone 16 are calibrated at 80°F, which is the lowest
ambient temperature condition expected for this zone. This will ensure that any temperature effects are
conservatively calculated.

3 It is assumed that the test equipment referenced under Design Input (DI) 29 will be used in the future to
calibrate MS-106-PT thru MS-113-PT loops.

(1) The transmitters are calibrated using the Druck DPI-510 for pressure and current, therefore, the M&TE
error for the pressure transmittar is:

"

MTE,, + (MTE,? + MTE,?'? Di2%a
+ (0.323° + 0.372%)"#

+ (0.2427)'?

+ 0.493% span

 u

(2) The EFIC pressure bistables (pressure switches) are calibrated using one (1) Fluke 8522A for voltage
onat-5VDC signal. Therefore, the M&TE error for this item is:

MTE,., = % (8522A,4) Di29¢
= 4 0.041% span
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(3) The EFIC - Low Pressure and Bypass Permissive Bistable (Pressure Switch) Loops are to be calibrated
by calibrating the pressure transmitter, then inputting the transmitter current values with a Keithley
197A into the EFIC compensation module while monitoring the voltage input to the bistables (pressure
switches) with a Fluke 8522A for voltage o~ 1 - 5 VDC signal. Therefore, the MTE required is

MTE,, + (DPI1-510,,,° + DPI-5'0,,,° + 197A,,° + 2 x (8522A,,,)%)'* DI29

¢ (0.323° + 0.372° + 0.190° + 2 x( 0.041)%)"?
+ (0.2822)'?
+ 0.531% span

The other loops are to be calibrated by calibrating the pressure transmitter, then inputting the
transmitter current vaiues with a Keithley 197A into the EFIC compensation module while also
monitoring the indicators, recorders, and etc

MTE,, : (DP1-510,,,° + DPI-510,,,° + 197A,,,% "7 DI2g

¢ (0.323° + 0.372° + 0.190%) "2
+ (0.2788) '
¢+ 0.528% span

The EFIC - Differential Pressure Bistable (Pressure Switch) Loops are to be calibrated by calibrating
the two pressure transmitter, then inputting both transmitter current values at the same time with a
Keithley 197A into the two (2) EFIC compensation module within the same cabinet and monitcring the
voltage input to the bistables (pressure switches) using two Keithley 197A. Therefore, the MTE required
is

MTE

[(2) x (DPI-510,,)° + (2) x (DPI-§10,,)° + (2) x (197A,)° + (2) x
(8522A,..)°) ' DI29
MTE ... : [(2) x(0.323)% + (2) x (0.372)* + (2) x (0.190)% + (2) x (0.041)°)"*

+ [(2x0.1043) + (2x01384) + (2 x 0.0361) + (2 x 0.001681)]"*
+ [(0.2036) + (0.2768) + (0.0722) + (0.0034)]'*

¢+ [0.5610] '

¢+ 0.749%, span

WS

The EFIC - Control module are to be calibrated by calibrating the pressure transmitter, then inputting
the transmitter current values with a Keithley 197A into the EFIC compensation module while
monitoring the voitage input to the control module (pressure control) using a Fluke 8522A voltage on
a 0 - 10 VDC signal. Therefore, the MTE required is

MTE

M

: (DP1-510,,,° + DPI-510,,,° + 197A,,,° + B8522A,,

+ (0.323° + 0.372° + 0.190° + 0.023%)'?
+ (0.2793)
+ 0.528% span

4 For components were a drift term is not specified, it is assumed that any drift is present is bounded by
the reference accuracy of the device

e
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The Control Complex is c~rz.uered a Controlled Environment; therefore, no significant changes in humidity
will be considered

Per Section 6.3 A of I&C Design Criteria (Reference 1)

"Accuracy as identified in a vendor specffication is usually assumed to be Reference Accuracy
Reference Accuracy includes the combined effects of conformity (linearity), hysteresis and
repeatability

Where conformity (linearity), hysteresis and repeatability values are less than the specified accuracy, the
above statement is to be considered true. For conservatism, where conformity (linearity), hysteresis and /or
repeatability values are equal to or greater than the specified accuracy, then the value(s) will be combined
via the SRSS method with the specified accuracy term to determine the Reference Accuracy value

REFERENCES ("))

I&C Design Criteria "Instrument String Error/Setpoint Determination Methodology®, Revision 1, dated
03/23/92

Improved Technical Specification Sections 3.3 11,3.3.12,3.3.13,3.3.14,33.18and 3.7.1, Amendment 150
FSAR Sections 724, 7465, 10.3.4, 142.2.1 and FSAR Figure 14-26, Revisior. {1

Design Basis Document (DBD) for Post-Accident Monitoring Instrumentation (Section §/Tab 11), Revision
2

Enhanced Design Basis Document (EDBD) f.r the Emergency Feedwater and Emergency Feedwater
Initiation and Control System (Section 6/Tab 13), Revision 3

~

Enhanced Design Basis Document (EDBD) for the Main Steam System, (Section 6/Tab 10) Revision 3

Request for Engineering Assistance's (REA) 94-1255, 94-1256 and 94-1257
Environmental and Seismic Qualification Program Manual (E/SQPM), Revision

FPC Caiculation 1-84-0005, Revision 5, dated 02/19/90, titled "Post EFW Upgrade: Limits and Precautions
EFIC Setpoints

FPC Calcu'ation 1-85-0001, Revision 0, dated 06/18/85, titled * FPC EFIC String Error Calculation *

FPC Calculation 1-850002, Revision 0, dated 06/13/85, titled " EFW cF'C String Error Calculation
Methodology *

FPC Calculation 1-88-0001, Revision 1, dated 10/03/89, titled * EFIC Indicator Errors *

FPC Calculation 1-88-0003, Revision 3, dated, "Insulation Resistance of Rosemount Conduit Seal *
FPC Calculation 189-0004, Revision 5, dated, "Instrument Loop and insulation Resistance (IR) Accuracy

Calculations” provides the bases for determination of the IR effects (error)
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15. FPC Calcuiation 188-0009, Revision 3, dated 10/26/92, " IR Accuracy 4-20 mA Loop (Vitro Nest)".

16. FPC Calculation 1-88-0015, Revision 6, dated 10/02/92, "Selection of Circuit Data for IR Accuracy
Calculations ".

17. FPC Calculation 1-94-0012, Revision 1, dated 2/17/95, titled, "Computer Instrument Accuracy”.

18. Vendor Qualification Package (VQP) CABL-B365-01, "Boston Insulated Wire Bostrad 7E Instrumentation
& Control Cable”, Revision 2.

19 Vendor Qualification Package (VQP) PEN-R369-01, "Rosemount Model 353C Conduit Seals”, Revision 2.

20. Vendor Qualification Package (VQP) TERM-R098-04, "Raychem NPKC, NPKP, and NPKS Transition Splice
Assemblies”, Revision 2

21. Vendor Qualification Package (VQP) INST-R369-04, "Rosemount Inc., 1154 Series H Transmitter", Revision
1

22. Walkdown Package Numbers 27 through 34 for end devices MS-106-PT through MS-113-PT.

23 Instrument Data Sheets:

EFV-055-LC1, Rev. 3
Deleted

Deleted
EF-100-EB2, Rev
EF-100-JX6, Rev
EF-200-EB2, Rev.
EF-200-JX6, Rev.
EF-300-EB1, Rev
EF-300-EB2, Rev.
EF-300-EB4, Rev.
EF-300-JX6, Rev.
EF-400-EB1, Rev
EF-400-EB2, Rev.
EF-400-EB4, Rev.
EF-400-JX6, Rev
ZZ-001-JY, Rev. 1
Z2Z-002-JY, Rev. 1
SP-023-LY1, Rev. 1
SP-024-LY1, Rev. 1

il R Bl R K R B




m DESIGN ANALYSIS/CALCULATION

Crystal River Unit 3
Sheet 25 of 69
BOCOMENT DENTFCATION N0 FEAGION | P AR S NOVBER FIE
1920008 1 SPg5 - 0002

25 Drawing 205-039, sheet MS-02, Revision 7.
26. Drawing 205-039, sheet MS-03, Revision 4.

27. Drawing 205-039, sheet MS-04, Revision 4.

3
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36
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Control System *.

37. FPC Instruction Manual No. 1283, Revision 3, titled, * EFIC Auxiliary Cabinets "
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39 ISA-S67.04, Pan 1, titied * Setpoint For Nuclear Safety Related Instrumentation®, Approved September.
1994

40. FPC Instruction Manual No. 1896, Revision 1, titled, * Rosemount Instruction Manual Model 1154 Series
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41 FPC Calculation 195-0005. Revision 0, titled “Measurement and Test Equipment Accuracy Calculation”.
42 Letter LFM90-0006, dated 1/29/90 - “Licensing Interpretation Seismic and LOCA".
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45 Surveillance Procedure SP-193A, Revision 2, dated 04/14/94, titled "EFIC Transmitter Calibration during
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46 Surveillance Procedure SP-416, Revision 27, dated 05/16/94, titled, “Emergency Feedwater Automatic
Actuation *
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48 Operating Procedure OP-103A, Revision 1, dated 05/20/88, titled, * Operating Curves "

49 Surveiliance Procedure SP-650, Revision 26, dated 04/14/95, titled, "ASME Code Safety Valve Test "

50 FPC design modification MAR 77-04-14, dated 10/05/77, titied, * A~ _ circult to provide operation of ADV's
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52. Babcock and Wilcox Engineering Information Record (EIR) Document Identifier 51-1223786-01, titled,
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56 ISA-RP67 04, Part Il, Methodologies for the determination of setpoints for the Nuclear Safety-Related
Instrumentation”, Approved September,1994.

57 FPC Instruction Manual No. 1524, Revision 4, titled, * Foxboro Electronic Indicating Recorder "

58. Design Basis Document (DBD) for Remote Shutdown System (Section 5/Tab 9), Revision 1.

59. Enhanced Design Basis Document (EDBD) for the Class 1E AC Systems (Section 4/Tab 1) . Revision 2

60. Design Basis Document for Meteorological Measurement System (Section 5/Tab 6), Revision 1.

61 Rosemount FAX Transmission to R. lwachow of FPC from Jane Sandstrom of Rosemount Nuclear
Instruments, Inc. regarding latest product data sheet PDS 4631, Revision Date 8/93 for Model 1154 Series
H transmitter.

62 Steam Line Fallure Accident Analysis Rasis Document for Florida Power Corporation Crystal River Unit 3,
Revision 1, dated 12/20/89

63. Drawing 206-041, Revision 15.

64 Drawing 210-769, Revision 9

65. Drawing 210-771, Revision 6

66. Drawing 210-772, Revision 6.

67. Drawing 210-773, Revision 8
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68. a) Drawing 11847310, sheet 1, Revision A
b) Drawing 11847310, sheet 3A, Revision B.
¢) Drawing 11847310, sheet 3B, Revision B.
d) Drawing 11847310, sheet 3C, Revision B.
e) Drawing 11847310, sheet 3D, Revision B.
f) Drawing 1184731D, sheet 9, Revision A,
g) Drawing 11847310, sheet 14A, Revision A.
h) Drawing 11847310, sheet 14B, Revision A.

69. Rosemount Report 78212, Revision A, titled “Internal Thermal Response of Transmitter Housing to Steam
Impingement of Rosemount Models 1153 Series B and D*

70. ASME Steam Tables, Fourth Edition, Copyright 1979
71. Drawing 210-814, Revision 8.

72. Rosemount Report 108220A, Revision A, titled "Analysis of the Modei 1153 Series D Transmitter to 420 F
for Three Minutes”.

V. DETAILED CALCULATIONS

This calculation will evaluate the instrument loop accuracies associated with the main steam pressure
transmitters (MS-106-PT through MS-113-PT) during Normal and Accident (HELB) conditions.

COMPONENT ERRORS:

Process Error:

Per Design Input (DI) #2, the majority of the sensing lines associated with MS-106-PT and MS-113-PT are
routed within EQ Zone 16, which has the following temperature ranges:

Temperature - Normal: 80" to 135°F.

Temperature - LOCA: The same as normal.

Temperature - HELB: 149" to 417°F,
Sealed Reference Leg

Per Design Input (DI #7.7), there is a need to examine the effects due to a sealed reference chamber not at
existing atmospheric conditions.

The main steam pressure transmitters are calibrate on site utilizing a gauge pressure test instrument. The
measurable atmospheric conditions at Crystal River Unit 3 are between 28 to 32 inches of mercury (13.75 psi
10 15.77 psi) according to Reference 60 Since the transmitters are calibrated on-site and the atmospheric
conditions vary between 28 1o 32 inches of mercury (13.75 psi to 15.77 psi), then the maximum error due
atmospheric pressure fluctuation at CR-3 resulting in transmitter inaccuracy reading is:

(32 - 28)(0.4912 psi/in HQ) /1200 = 1.64 x 107 = 0.164% error
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This variation in atmospheric condition causes a 000164 error in m ent which has an
insignificant affect when compared to the magnitude of the er ~d by tranmitter
reference error inaccuracy of + 025%. Therefore, process measuremen due to the sealed
reference leg will be considered as negligible and have no effect on the loop string error.
Transmitter Scaling

The eight main steam transmitter sensing line configurations have their process connection routed off the top
of the main steam line header and connectad to the transmitter below the steam line tap connection. This
configuration aliows the sensing line to be filled and prevents contact of live steam with the transmitter. This
configuration can be viewed as a manometer where the reference datum is the center line of the transmitter
and the column of water above the datum will represent the applied static pressure.

The water in the sensing line of the pressure transmitter is at the same temperature as the intermediate
building. Per the EQ Zone Sheet 16, the area can vary from 80°F to 135°F, but a good portion of the time
(32 2%) the area experiences temperature conditions of 120°F to 124°F, therefore 124 °F will be used as the
normal sensing line temperature. The normal operating pressure of the main steam line is 900 psig.

The change in elevation between the tap connection on the main steam line and the reference datum is 20
inches (or 1.67 feet) which is typical for all of the transmitter locations.

With the interpolation of the data from Table 3 of the ASME Steam Tables (Reference 70), the specific volume
of water at 124°F and 914.7 psia (900 pisg) is:

130°F =  0.01620 ft'/Ib,

124°F = X

120°F =  0.01616 ft/Ib,
4°F/10°F = x/0.00004 ft’ /b,

X = 16x10*#'/Ib,

At 124°F the specific volume is 0.01616 + 0.000016 = 0.01618 ft°/lb,.
Thus, the weight density is 61.805 Ib_ /ft* (1/ 0.01618 ft*/Ib,) and then the following correction is necessary
for calibration of the transmitters:

(61.805 Ib_ /1) (11°/144 in®) = 0429 Ib_/in’ft

(0.429 Ib,, /in*-#)(1 67 #) = 0.716 psig
This scaling correction adjustment 1o the transmitter is outside the calibration limitations of the Druck which
has an ability to accurately calibrate within the tolerance of + 2 J7 psig (Reference 41). Therefore, process
measurement due to transmitter scaling will be considered as negligible and have no effect on the loop string
error
So then, TRANSMITTER SCALING = 0 peig (0.00 %) to 1200 psig (100%).
Sensing Lin

The HELB temperature in the intermediate bullding peaks at 417 °F where this temperature value will be used
to determine the maximum error due to density changes iri the sense line. The hotter, less dense post-accident
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condition in the transmitter sensing lines will lower the indicated pressure. Per Table 3 of the ASME Steam
Tables (Reference 70), the specific volume of water at 417°F and 914.7 psia (900 psig) must be interpoiated
between 0.01886 #°/Ib_ (at 420°F and 900 psia) and 0.01871 #*/lb,, (410°F and 900 psia). Therefore, the
weight density is between 53 02 Ib, /" and 53.45 Ib, /" For conservatism, a weight density of 53.02 b, /ft"
will be selected for this calculation

The change in pressure for the sensing lines of the pressure transmitter is related to the change in sense line
density as follows

d,,) / (144 in®/ 1 #°)] x (L/Span'} x 100%
)2 - 61.805) '441 X (1.67 ‘;,‘OUI} x 100%
8.785/144) x [1.392 x 10 7]} x 100 %

, :

w

!
]1[1.392 x 107°]} x 100%

i v

0.00849% span

As determined, the contribution due to sensing line errors Is quite small in comparison to the transmitter
reference accuracy error of 0.25% span. Therefore, process measurement errors due to sensing line density
changes will be assumed as negligible and have no affect on the loop string accuracy

So then, Agenes e = 0.00%
Device PT Rosemount 1154SH9RA pressure transmitter
Span 1200 §
3000 psig (Upper Range Limit

| Condition

$ (Eorn
Reference Accuracy

Temperature Effect : (0.15% URL + 0.35% span)/50°F
¢ [((15 x 3000 + .35 x 1200) 1200] x (130 80°)/50

+ [(450 + 420)/1200] x 1.00

¢ (0.725) x (1.00)

+ 0.725% span

Overpressure Effects

Power Supply Effect = : 0.005% span/volt
[0.005% span/voit x (0.0106 volts)]
¢+ 0.000053% span
This effect will be ignored because 1 is

"h-»)'-‘_;"):(; compared (o the other ,‘fxup{fg
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By s [(Enee)® + (E))?)"*
: [(0.25)° + (0.725)* |'*
+ [(0.0625) + (0.5256))""
: [0.5881]" °
= ¢ 0.767% span

- Low Pressure Initiate /Differential Pressure
Eogs Reference Accuracy = :+ 0.25%

E Temperature Effect = + (0.75% URL + 0.5% span)/100°F
¢ [( 7% x 3000 +.5 x 1200)/1200] x (158" - 80*)/100"
+ [(2250 + 600)/1200) x 0.78
+ (2.375) x (0.78)
¢+ 1.853% span

Overpressure Effect = + 0.0%

Power Supply Effect = : 0.005% span/volt
: [0.005% span/voit x (0.0106 voits)]
¢+ 0.000053% span
This effect will be ignored because it is
negligible compared to the other effects

Steam Pressure/Temperature Effect = + 0.0%
Seismic Effect = : 0.0%
Radiation Effect = : 0.00%
t [(Egr)® + (E))° ) o
: [(0.25)* + (1.853)° |'*
¢ [(0.0625) + (3.4336)] -

= 1 [3.4961]""*

*H41.870 % span

Accident Condition (E, , .e.0)

E Reference Accuracy

E, Temperature Effects =

Overpressure Effect = : 0.0%

Power Supply Effect = : 0.005% span/volt
+ [0.005 span/volt x (00106 volts)]
+ 0.000053% span
This effect will be ignored because it is
negligible compared te the other effects
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€ = Steam Pressure/Temperature Effect = : (2.0% URL + 0.5% span)
=+ [(2.0 x 3000 psig) + (0.5 X 1200)]/ 1200 psig
=+ [(6000 + 600)]/1200
=+ [6600]/1200
= 1+ 55% span
g = Seismic Effect = + 0.0% DI7.3
Eno, = Radiation Effect = + [0.2% URL + 0.2% Span) DI7 1
=+ (0.2 x 3000) + (0.2 x 1200)] / 1200
= 1+ [(600 + 240)/1200] )
= ¢+ 0.700% span
Eoravers : !(Ese;)z + (Eﬂ/‘v)z + (Emo)?]"'2

: [(0.25)% + (5.5)° + (0.70)%)'*

+ [(0.0625) + (30.25) + (0.490))'*
+ [30.8025)'*

+ 5.550% span

Device COMP1: VITRO COMPENSATION MODULE - Main Control Room Indication [PI1], Remote

Shutdown Indication [P12], Conirol Module, Pressure Initiate Bistable and Pressure

Permissive Bistable and Recording - (Ecoue:) DI11
€as = Input Buffer/Scalar Inaccuracy = : 0.25% span
Ews = Output Buffer/Scalar Inaccuracy = + 0.25% span
Ecower = | (Ema” + (Egg, A
= 1 [(0.25)° + (0.25)]'*
= 1+ [(0.0625) + (0.08Z3)}'?
= 1[0.125)'"
= 1 0.354% spa’
Device COMP2: VITRO COMPENSATION MODULE - Pressure Difference Bistable - (E o) Di11
Egs = Input Buffer/Scalar Inaccuracy = + 0.25% span
Eqw = Summer inaccuracy = : 0.25% span
Ewes = Output Buffer/Scalar Inaccuracy = : 0.25% span
— +{(Error from Comp Mod )? + (Error input from PT)? + (Error Output to dP Bistable)®]'

t { Ecou)® + ((E o) + (Egey)?] + (E }
+ [(0.354)% + (ozs + (ozgfﬁ (0.25)%) “")

+ [(0.1253) + (0.0625) + (0.0625) + (0.0625))'*
+ [0.3128])'7

+ 0559 % span
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Device BPS: VITRO BISTABLE MODULE - Pressure Initiate, Pressure Permissive and Pressure Difference
(Eore) DIy

Reference Accuracy = ¢+ 0.20% span

Device AlI/AIQ: VITRO ANALOG ISOLATION INPUT
ANALOG ISOLATION QUTPUT MODULE-(E,, .0

Reference Accuracy = = 0.50% span

INTERNATIONAL INSTRUMENTS 1251 INDICATOR (E,,)

+ [(Specified Accuracy)® + (Repeatability)’]"
: [(15)7 + (2.0)3'7

: [(2.25) + (4.0))'"

 16.25)"

+ 25% span

Scale Error » % minor scale division
+ [(0.5 x 20 psig)/1200 psig] x 100%
+ 0.833% span

t [(Engs)* + (Eg)® 1"
: [(2.5)° + (0.833)°]""
: [(6.25) + (0.6939)] “
. [6.9439]""

¢ 2.635% span

Device P12  INTERNATIONAL iINSTRUMENTS 1251 INDICATOR - (E,,)

B « [(Specified Accuracy)’ + (Repeatability)]'”
: [(1.5)F + (20)%)'"*
: [(2.25) + (4.0)]'?
: [6.25]'?
+ 2.5% span

Scale Error + & Minor scale division
¢ [(0.5 x 20 psig) /1200 psig] x 100%
+ [10/1200) x 100%

+ 0.833% span

t {[Bas)” * (B2 |
 [(25)7 + (0.833)7]""
: [(6.25) + (0.6939)]'"
. [6.9439]'""2

+ 2.635% span
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Device PC  VITRO CONTROL MODULE Part No. - Pressure control portion of module - (E.) DIt
Ess = Subtractor Inaccuracy = : 0.25% span
Ecaomr =  Proportional Pius Integral = :+ 0.25% span
Egermonr = Setpoint Inaccuracy = :+ 0.10% span

: [(Ewg)z * (Enougv)a + (Em),]'q
+ [(0.25)° + (0.25)° + (0.10)%)'*

+ [(0.0625) + (0.0625) + (0.01)]"?

+ [0.135)'?

+ 0.367% span

H 0 " 0

Device PIR: FOXBORO N227P-2R6-CS-N/SRC recorder - (Enge & Eogq )

Recording (Eppg) DI1s
Ewsn = Recording Reference Accuracy = + 0.75% span
E, = Temperature Effect = : 0.5% span/50°F Al
= ¢+ (05/50'F) x 10°F
= 3+ 0.10% span
e = Humidity Influence = : 0.0% span A5
Eyn = Recording Scale Error = + 5 minor scale division
= 1+ [(0.5 x 20 psig)/1200 psig] x 100%
= 1+ 0.833% span
Eoe = Power Supply Effect = : 0.1% span Di1e
= 1+ [0.1% Span/5% x (1.7% Span)]
= 1+ [0.02% x 1.7%]
= 1 0.034% span
Eown " 3 [(E.‘“)z + (Ev)z + (Esc’z + (Em),l"z
= ¢ [(0.75)* + "2.10)* + (0.833)° + (0.034)%)"*
= 1 [(0.5625) + (0.01) + (0.6839) + (0.0012) }'*?
= 1 [12676]'7
= 3 1.13% span
Indicating (E ) DI15
 — = Indicating Reference Accuracy = : 0.5% span
E, = Temperature Effect = + 0.5% span/50°F Al
= 1+ (05/50°F) x 10°F
= 1+ 0.10% span
e RCEBTT
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Humidity influence = :+ 0.0% span

Recording Scale Error = + § minor scale division
¢+ [(0.5 x 50 psig)/1200 psig] x 100%
:+ 2.083% span

Power Supply Effect = :+ 0.1% span
¢+ { 0.1% Span /5% x (1.7% Span)]
+ [0.02% x 1.7%)

+ 0.034% span

¢ [(Ener)® + (E)F + (Egd)® + (Epge)® '™

: [(05)° + (0.10)* + (2.083)* + (0.034)" |'*
¢ [(0.25) + (0.01) + (4.3389) + (0.0012)]"*
+ [4.6001)"*

+ 2.14% span

Device RECALL/SPDS:

Recall Reference Accuracy = + 0.366% FSR
+ (0.366%) x (20 VDC/10VDC)
+ 0.732% of span

E

-

Insuiation Resistance (IR) Errory

insulation Resistance (IR) Effect

IR Positive Bias = + [29.5/ (10 + 0.016R,)] x 100

IR Negative Blas = - [12.5/ (10 + 0.016R;)] x 100

Is the total parallel leakage path (in ohms)

1/Reon + 1/Rg + 1/Reg

Is the insulation resistance for the Rosemount connector at the transmitter
Is the insulation resistance of the splice at the connector seal

is the cable IR as determined by the equation

(Re x bea) / Lo

Is the cable test specimen IR (ohms)
Is the cable test specimen length (feet)

Is the total length of cable in the IB harsh environment (feet)

L. for MSS43 is 282 feet

R (2.9 x 10° ohms x 20 feet) /282 feet
2 06 x 10° ohms

18x 10 ohms

Rttt ————

:




% Crystal River Unit 3
Sheet _35 of _69
[~ DOCUMENT IDENTIF ICATION NO REVSION REI/MAR 8P NUMBER FILE
192-0008 1 SPgS - 0002
Reesa = 5x10° ohms Di23
1R, = [(1/2.06x10% + (1/1.8x10") + (1/5 x 10%)
= [4.854 x 10® + 5555 x 10* + 2.00 x 107
6.90¢ x 10°
R, = (1/6.909 x 10%)
= 1.447 x 10° ohms
A, = + [295/(10 + (0.016 x 1.447 x 10%)] x 100
= + [29.5/(2325.2)] x 100
=+ 1.269% span
= -[125/ (10 + (0.016 x 1.447 x 10%)] x 100
= - [125/2325.2) x 100
= - 0.538% span
-107-PT IR
Lo fOr MSS45 is 317 feet DI19.2
Ree = (2.9 x 10° ohms x 20 feet) /317 feet Di21
= 1829 x 10° ohms
Re = 1.8x 10" ohms DI22
Ren = 5x10° ohms DI23
1/R, = [(1/1.829x 10" + (1/1.8x10") + (1/5 x 10°)
= [5.467 x 10® + 5.555 x 10* + 2.00 x 10°)
= 7523 x10*
R, = (1/7523 x 109
= 1.329 x 10* ohms
A, = + [29.5/(10 + (0.016 x 1.329 x 10%))] x 100
=+ [295/(2136.4)] x 100
- 1% span "
= -[125/ (10 + (0.016 x 1.328 x 10%)] x 100
= -[125/2136.4) x 100
= ~0.585% span
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