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1.0

1.1

2.0

21

PURPOSE

The purpose of this calculation is to determine the uncertainty in the reactor core thermal power
(heat balance) calculation performed by the Plant Process Computer (PPC). This calculation
will evaluate the contribution of the different instrument channel loop uncertainties to the
uncertainty of the Core Thermal Power (CTP) value using the reactor heat balance relationship
when the plant is operating at 100% rated power under steady state conditions.

This calculation is being performed in support of the licensing amendment for Measurement
Uncertainty Recapture (MUR) power uprate. This calculation applies to Limerick Generating

Station Unit 1.
FUNCTIONAL DESCRIPTION AND CONFIGURATION

Limerick Generation Station (LGS) Unit 1 will be installing highly accurate ultrasonic feedwater
flow meters per Engineering Change Request (ECR) LG 09-00096. This calculation will
determine the uncertainty in Core Thermal Power calculation when the reactor heat balance is
performed using the process computer with the feedwater flow and temperature measurement
input supplied by the Caldon® Leading Edge Flow Meters Check Plus (LEFMv'+) System
Ultrasonic Flow Meters (UFM).

DESIGN BASIS

Various plant parameters are monitored by the NSSS computer to develop the reactor core thermal
power calculation. On June 1, 2000 Appendix K to Part 50 of Title 10 of the Code of Federal
Regulations was changed to allow licensees to use a power uncertainty of less than 2 % in their
LOCA analysis. The change allowed licenses to recapture power by using state-of-art devices to
more precisely measure feedwater flow. Feedwater flow inaccuracy is a large contributor in the
uncertainty determination of reactor power. This calculation is being performed in the support of a
License Amendment Request (LAR) for a MUR power uprate.

INPUTS

Table 2-1 lists the parameters which specify input to the core thermal power calculation, their
uncertainty values, and the source of these values.

The values for Feedwater Flow, Feedwater Temperature, and Reactor Narrow Range Dome
Pressure are specified by separate calculations as follows (Ref. 4.8.6 thru 4.8.8):
o LEAE-MUR-0001, Bounding Uncertainty Analysis for Thermal Power determination

¢ LE-0116, Reactor Dome Narrow Range Pressure Measurement Uncertainty
The uncertainties for Reactor Water Clean-up (RWCU) Flow Rate, RWCU Inlet Temperature
Thermocouple, Control Rod Drive (CRD) Flow Rate, and Recirculation Pump Power are
calculated in individual sections of this calculation. Recirculation Pump Efficiency is given in
calculation LM-0552 (Ref. 4.8.2). The thermal loss due to radiated heat loss to the drywell is
specified by separate calculation LM-553 (Ref. 4.8.3) for calculating the reactor heat balance by
hand.

Other inputs and the related source references are listed in the Table 2-1.
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Table 2-1.
Design Inputs
Inst. T Computer Uncertainty
Description No. Point Nominal Value Uncertainty Basis
CRD Enthalpy N/A N/A (100 °F and 1448 psig) Btu/lbm (Ref. 4.9.3)
(Ref. 4.9.3, Attachment 6)
CRD Water Flow
Discharge TE-046-103 A1201 100°F(Ref. 4.4.1) +0.7°F (Ref. Attachment 1)
Temperature
CRD Water Fi FT-046 Nominal Flow
awer riow - - .
Fate 1NO04 A1711 105 GPM 5.4 % (Section 7.5.6)
{Ref. 4.8.5, Sec. 2.0)
409.71 Btu/lbm
0.
Foodwatar N/A N/A (430.8 F and 1155 psig) | mon (Ret. 4.9.3)
24 (Ref. 4.9.3, Attachment 6)
Feedwater Mass 09
Flow Rate (LEFM |  10-C986 N/A f 15.09 Mibm/hr +0.32 % (Ref. 4.8.6)
vV System) (Re . 489. Table 6-11 a)
Feedwater 1155 PSIG + 10 psi .
Pressure N/A N/A (Ref.4.4.1) psig {Section 3.11)
Feedwater TE-006- A1744 thru 430.8°F .
Temperature 1NO41A-F A1750 (Ref. 4.8.9, Table 6-11a) +0.57°F (Ref. 4.8.6)
Radiated Reactor 0.89 MW (U1
Pressure Vessel N/A N/A (U ) +10% {Section 3.12)
(RPV) Heat Loss 1.04 MW (U2)
(Ref. 4.8.3, Sec. 2.0)
1043 PSIG
Reactor Dome PT-042- E1234 (1057.7 psia, Ref. 4.8.9, +20 psig (Ref. 4.8.8)
Pressure 1NOO08 Table 6-11a)
Saturated Steam 1191.1 Btw/lbm
Enthalpy N/A N/A {1043 psig, sat) +0.05 Biwlbm (Ref. 4.9.3)
{Ref. 4.9.3, Attachment 5)
Recirculation
Pump Motor 1A(B)-P201 N/A 94.8 % (Attachment 10 & N/A N/A
! Ref. 4.8.2)
efficiency
Recirculation 7700 7
Pump Motor 1A(B)-P201 N/A H‘; (5.74 MW) £1.4% (Section 7.6.8)
Power {Ret. 4.3.3)
] 419.83 Btulbm
RWCU Discharge N/A N/A (440 °F and 1168 psig) ét?;}lofri (Ref. 4.9.3)

Enthalpy

{Ref. 4.9.3, Attachment 6)
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Table 2-1.
Design Inputs
inst. Tag Computer . Uncertainty
Description No. Point Nominal Value Uncertainty Basis
RWCU Discharge |  TE-044- 440°F .
Temperature 1NO15 Al742 (Section 2.3.2) = 4.37 (Section 7.4.6)
RWCU Inlet Flow
FT-044- 360 GPM (Max) o )
Rate 1NO36A A1718 Ref. 4.5.11) +2.3% {Section 7.3.6)
RWCU Regen o
Heat Exchanger | TE-044- A1741 530°F 457 °F (Section 7.4.6)
Inlet Temperature (Section 2.3.1)
RWCU Suction
524.39 Btu/lbm = 0.005
Enthal .4.9.3
nthalpy N/A N/A (530 °F and 1060 psig) Btuwibm (Ref. 4.9.3)
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22 REACTOR WATER CLEANUP (RWCU) FLOW LOOP UNCERTAINTY
221 Reactor Water Cleanup System Equipment Design Data (Ref. 4.3.4)

System flow rate {Ibm/hr)
Normal operation “A” pump 154,000
Normal operation “B” plus “C” pump 133,000
Maximum operation 180,000

Main Cileanup Recirculation Pumps “A” Pump “B” & “C” Pumps
Number required 1 2
Capacity, % (each) 100 50

“A” pump capacity is greater that the combined capacity of the “B” and “C" pumps
2.2.2 RWCU Flow Measurement Loop Diagram

RWCU flow is measured by an orifice plate (FE-044-1N035) located on the suction side of the
RWCU Racirculation Pumps, which provides a AP signal to a Rosemount transmitter (FT-044-
1NO36A). The transmitter supplies a milliamp signal to the PPC for display in the Control Room.
The instrument loop consists of the following: flow element, flow transmitter, a signal resistance unit
and a PPC input/output (I/0) module. The loop configuration is shown below (Ref. 4.5.10):

—E_ Tubing
FE-044- ] =0 Fr.044- O Osgpy © O ppc
1N035 1NO36A A1718

The loop components evaluated in this document (the applicable performance specifications and
process parameter data):

2.2.3 RWCU System Inlet Flow (Ref. 4.4.1, 4.5.6, 4.5.10, 4.5.11, 4.5.16, 4.6.4, and 4.9.1)

Table 2-2.
RWCU System Inlet Flow Element — Unit 1
Component 1.D.: FE-044-1N035 “RWCU SUCTION FLANGE
UPSTREAM OF VALVE HV-44-1F001”

Device Type: Qrifice Plate
Manufacturer/Model No.: Vickery Simms Inc./145C3227P037
Reference Accuracy (A1): 11.50% of actual flow rate
Installation Accuracy: +0.5%
Environmental Conditions (Temp.): 40°F (min.) to 156°F (max.)
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Table 2-2.
RWCU System Inlet Flow Element - Unit 1

LE-0113
Revision 0

Environmental Conditions (Press.):

(=) 1.0 (min.) to (+) 7.0 inches H,O (max.)

Environmental Conditions (RH %): 20 (min.) to 90 (max.)

Pipe Size:

6 inch schedule 80

Flange Rating:

600#

Pipe Class Service No.:

DCA-101 “RWCU from Recirc. Pump Suction Valve

F004

Normal Operating Temperature: 539 °F
Design Temperature: 582 °F
Maximum Operating Temperature: 582 °F
Normal Operating Pressure: 1060 psig
Design Pressure: 1250 psig
Maximum Operating Pressure: 1360 psig
Normal flow Rate: 360 gpm

Maximum Flow Rate: 477 gpm

AP @ Max. Flow Rate:

200 inches H,0, nameplate data: 1178 psig & 545 °F

224 RWCU System Inlet Flow (Ref. 4.5.6, 4.5.10, 4.6.4, 4.7.2, 4.7.6, 4.7.7, 4.9.5, and 4.9.7)

Table 2-3.
RWCU System Inlet Flow Differential Pressure Transmitter

Component I.D.: FT-044-1N0O36A “REACTOR WATER CLEANUP INLET”
Location (AREA / EVEL / RM): 016/283' /5086

Device Type: Differential Pressure Transmitter

Manufacturer/Model No.: Rosemount/1153DBSRCNG039

Quality Classification: Q (Not Required)

Accident Service: N/A

Seismic Category: N/A

Tech Spec Requirement: N/A

Upper Range Limit @ 68 °F: 750 inches H,O

Lower Range Limit @ 68 °F: 0-125 inches H,0

Calibrated Range:

0 to 218.3 inches H,0 - static pressure corrected

Operating Range:

0 to 220 inches H,0 at 1060psig
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Table 2-3.

RWCU System Inlet Flow Differential Pressure Transmitter

LE-0113

Revision 0

Calibration Span:

218.3 inches H,0

Output Signal: 4-20mA

Selpoint: N/A

Calibration Period: 24 months

Accuracy (A2): +0.25 % calibrated span (see note)

Calibration Accuracy:

+0.5%

Stability (Drift, D2):

+ 0.2 % URL for 30 months [26]

Temperature Effect (DTE1), per 100°F

£ (0.75 % of upper range limit + 0.5 % span)

Temperature Normal Operating Limits:

40 to 200 °F

Overpressure Effect:

Maximum zero shift of + 1.0 % URL above 2000 psig

Static Pressure Zero Effect:

+0.2 % of upper range limit

Static Pressure Span Effect (SPNE2):

% 0.5 % input reading per 1,000 psi.

Seismic (vibration) Effect (SEIS2):

Accuracy within 0.5 % of upper range limit during and
after a seismic disturbance defined by a required
response spectrum with a ZPA of 4 g's.

Power Supply Effect (PSE2):

< 0.005 % of calibrated span per volt

Mounting Position Effect:

No span effect. Zero shift of up to 1.5 inH20

EMI/RFI Effect:

Not Specified

Response time (dampihg):

Code N - Adjustable damping; max. 0.8 seconds

Harsh temperature effect (HTE2):

Accuracy within + 5.0 % of URL during and after
exposure to 265 °F (129.5 °C), 24 psig, for 35 hours.

Humidity limits: 0 to 100 % Relative Humidity (RH)
Safety Classification: Application - Non-safety-Related
Radiation Effect (e2R): Accuracy within + 4.0 % of URL during and after

exposure to 2.2 x10” rads, TID of gamma

Note: Includes combined effects of linearity, hysteresis, and repeatability

22.5 RWCU System Signal Resistor Unit (Ref. 4.1.1, 4.5.10, 4.5.17, and 4.7.3):

Table 2-4.

RWCU System PPC Precision Signal Resistor Unit

Dwg. Designation:

SRU-1

Device Type:

Precision signal resistor unit

Manufacturer/Model No.:

Bailey Type 766
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Table 2-4.
RWCU System PPC Precision Signal Resistor Unit
Selected Range: 250 Ohm
Accuracy: +0.1 %, (+ 0.25 ohm)
Safety Classification: N/A
Temperature Effect: + 0.5 % for 40 — 120°F
Input Signal Range: 4 to 20 mAdc

2.26 RWCU System Computer Point — Plant Process Computer (PPC) (Ref. 4.5.10 and Attachment 4)

The PPC calculates Core Thermal Power based in part on the measurement of Reactor Water
Cleanup flow. The PPC uses an analog input card, which read the voltage drop across a precision
250 ohm resistor.

Table 2-5.

RWCU System PPC Analog Input Card Unit 1
Component 1.D. A1718
Location: 10-C603 (H12-P603)
Device Type: PPC - Potentiometer (Analog) Input Card
Manufacturer/Model No.: Analogic/ANDS5500
Quality Classification: N/A
Accident Service: N/A
Seismic Category: N
Tech Spec Requirement: N/A
Selected Full Scale Span: +5VDC
Calibration Span: {-) 5 VDC to (+} 5 VDC
Calibration Period: 24 months
Accuracy (A3): + 0.5 % of full scale span
Input Impedance (resistance): 10 Meg Ohms
Analog to Digital Converter: Not Specified
Power Supply Effect (PSE3): N/A
EMI/RFI| Effect: N/A
Response time (damping): N/A
Operating Temperature Limits: 3210 122 °F (0 to 50 °C)
Humidity limits: Not Specified
Safety Classification: Non Safety-Related
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Exelon.

2.2.7 RWCU System Local Service Environments (Ref. 4.4.2):

Table 2-6.
RWCU System Local Service Environments

Flow Transmitter Plant Process Computer
Area / Room. Area 016 Area 008 — Control Room
Location 506C - Cont. H2 Recombiner Control Room (Comp. Rm, 553 )

65 min / 106 max / 85 norm 65 min/ 78 max / norm N/A

(-) 0.25 inches WG

Normal Temp. Range (°F)

Normal Pressure + 0.25 inches WG

Normal Humidity (RH %)

50 average / 90 maximum 50 average / 90 maximum

2.50&-03 Rads/hr, 8.78E+02 TID | N/A

Radiation

23 REACTOR CLEANUP SYSTEM TEMPERATURE

2.3.1 RWCU System Regenerative Heat Exchanger Inlet Temperature (Ref. 4.4.1, 4.5.6, 4.5.11, 4.5.186,
4.6.4,4.9.5 and 4.9.7)

TE-044-1N004 PPC A1741

Thermocouple

A4

Table 2-7.
RWCU System Inlet Thermocouple

TE-044-1N004 “REACTOR WATER CLEANUP
SYSTEM REGEN HEAT EXCH INLET TEMP”

Type T Copper — Constantan (CU/CN)
California Alloy Co/Model 117C3485P073
{-)200° to (+)700 °F

Component Numbers:

Device Type:
Manufacturer/Model No.:
Element Range:

Calibrated Range 0° - 600°F

Rated Accuracy: = 0.75°F

Output Signal: {(-) 0.674 mV to (+)15.769 mV
Safety Classification: N/A

Pipe Class Service No.: DCC-101 “RWCU pump discharge thru Regen HXs

Normal Operating Temperature

530 °F (See Note 1)

Normal Operating Temperature Spec: | 535 °F
Design Temperature: 582 °F
Maximum Operating Temperature: 582 °F
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Table 2-7.
RWCU System Inlet Thermocouple
Normal Operating Pressure: 1235 psig
Design Pressure: 1290 psig
Maximum Operating Pressure: 1542 psig
Normal flow Rate: 360 gpm

Note 1: Reactor Engineering provided normal operating temperature based on 100% power operation
for both Units. Data was retrieved once per hour for one week. The Unit 2 value of 530 °F in lieu of Unit

1 528 °F was used based on it being the most conservative.

232 RWCU System Regenerative Heat Exchanger Outlet Temperature (Ref. 4.1.1, 4.5.6, 4.5.16, 4.6.4,
45.11,4.9.5, and 4.9.7)

TE-044-1N015 PPC A1742
Thermocouple >
Table 2-8.
RWCU System Outlet Thermocouple
Component Numbers: TE-044-1N015 “REACTOR WATER CLEANUP
SYSTEM REGEN HEAT EXCH OUTLET TEMP"

Device Type: Type T Copper — Constantan (CU/CN)
Manufacturer/Model No.: California Alloy Co/Model 117C3485P073
Element Range: {-)200° to (+)700 °F
Input Range 0° - 600°F
Rated Accuracy: +0.75°F
Qutput Range (- 0.674 mV to (+)15.769 mV
Safety Classification: N/A
Pipe Class Service No.: ECC-105 “RWCU Regen HX to HV-1F042

Normal Operating Temperature .
based on actual plant data 440 °F (See Note 2)

Normal Operating Temperature: 438 °F
Design Temperature: 434 °F
Maximum Operating Temperature: | 434 °F
Normal Operating Pressure: 1168 psig
Design Pressure: 1290 psig
Maximum Operating Pressure: 1542 psig
Normal flow Rate: 360 gpm

Note 2: Reactor Engineering provided normal operating temperature based on 100% power
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operation for both Units. Data was retrieved once per hour for one week.

2.3.3 RWCU System Plant Process Computer (PPC) (Ref. 4.5.6, 4.5.16, and Attachment 4):

LE-0113
Revision 0

Table 2-9.

RWCU System Thermocouple PPC Analog Input Card Unit 1
Component 1.D. A1718 and A1742
Location: 10-C603 (H12-P603)
Device Type: PPC - Potentiometer (Analog) Input Card
Manufacturer/Model No.: Analogic/ANDS5500
Quality Classification: N/A
Accident Service: N/A
Seismic Category: N
Tech Spec Requirement: N/A

Selected Range:

Upper: -256 mV to + 25mV

Calibration Span:

(-) 0.674 mV to (+)15.769 mV

Calibration Period: 24 months

Accuracy (A2): + 0.5 % of tull scale span
Input Impedance (resistance): 10 Meg Ohms

Analog to Digital Converter: Not Specified

Signal Source Resistance:

2800 Q maximum

Power Supply Effect (PSE2): N/A

EMI/RFI Effect: N/A

Response time (damping): N/A

QOperating Temperature Limits: 3210 122 °F (0 to 50 °C)
Humidity limits: Not Specified

Safety Classification: Non Safety-Related

2.3.4 RWCU Systern Local Service Environments (Ref. 4.4.2):

Table 2-10.
RWCU System Thermocouple Local Service Environments

Thermocouple Piant Process Computer
Area / Room. Area 016 Area 008 - Control Room
Location 506C — Cont. H2 Recombiner Control Room (Comp. Rm. 553 )

Normal Temp. Range (°F)

65 min/ 112 max/ 104 norm

65 min / 78 max / norm N/A

Normal Pressure

(-} 0.25 inches WG + 0.25 inches WG
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Normal Humidity (RH %) |50 average / 90 maximum 50 average / 90 maximum

Radiation 2.50E-03 Rads/hr, 8.78E+02 TID | N/A

24 CRD FLOW RATE UNCERTAINTY

2.4.1  CRD Hydraulic System Flow Loop Diagram

Each analyzed instrument loop consists of a flow element supplying a differential pressure to a
pressure transmitter, and a PPC input/output (I/0) module with a precision resistor (8 Q) across the
input. The loop is shown as follows:

Flow element: Flow Input Comp. Point
FE-046-1N0O03 y Transmitter FT- ) Resistor > A1711
0046-1N004 8 ohm

The loop components evaluated in this document (and the applicable performance specification and
process parameter data):

2.42 CRD Hydraulic System Flow Element (Ref. 4.4.1, 4.5.8, 4.5.12, 4.6.2, 4.6.3, 4.8.5, and 4.9.5)

Table 2-11,
CRD Hydraulic System Flow Element — Unit 1
Component I.D.: FE-046-1NO03 “CRD HYDRAULIC SYS DRIVE WTR
FLOW CONT”
Device Type: Flow Nozzle
Manufacturer/Model No.: GE - Vickery Simms Inc./ 158B7077AP016
Reference Accuracy {A1): + 1.0 % flow
Design Temperature: 150°F
Design Pressure: 2000 psig
Pipe Size: 2 inch schedule 80
Material Stainless Steel
Maximum Flow 100 gpm
Pipe Class Service No.: DCD-112, “Control Rod Drive Hyd. from DBD- 08 to
Hydraulic Control Units
Normal Operating Temperature: 100 °F
Design Temperature: 150 °F
Maximum Operating Temperature: 150 °F
Normal Operating Pressure: 1448 psig
Design Pressure: 1750 psig
Maximum Operating Pressure: 1750 psig
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Table 2-11.

CRD Hydraulic System Flow Element — Unit 1

Normal flow Rate:

105 gpm @ 1515.8 psig

AP @ Max. Flow Rate:

200 inches H,0O @ 100 gpm

2.43 CRD Hydraulic System Flow Transmitter (Ref. 4.5.8, 4.5.12, 4.6.2, 4.6.3, 4.7.4 and 4.9.5)

Table 2-12.

CRD Hydraulic System Differential Pressure Transmitter

Component 1.D.:

FT-046-1N004 “CRD HYDRAULIC SYS DRIVE
WTR FLOW CONT”

Location (AREA / EVEL / RM}:

015/253/ 402

Device Type:

Differential Pressure Transmitter

Manutacturer/Model No.:

Rosemount/ 1151DP5D22PB

Quality Assurance Classification: N

Accident Service & Seismic Category: N/A

Tech Spec Requirement: N/A

Upper Range Limit: 750 inches H,O

Lower Range Limit:

0~-125 inches H,O

Calibrated Span: 0 to 197.5 inches H,0 - static pressure corrected
Operating Span: 0 to 200 inches H,0 at 100 gpm

Output Signal: 4 - 20 mA, Corresponding to 0 — 100 gpm
Calibration Period: 24 months

Accuracy (A2): + 0.25 % calibrated span

Calibration Accuracy:

+0.5%

Stability (Drift, D2):

+0.25 % of URL for 6 months [20]

Temperature Effect (DTE1), per 100°F

+ 1.5% of URL per 100 °F
+ 2.5 % for low range (URL/6)

This taken to be equal to 2.4 % at 197.5 inches H,O
span

Temperature Normal Operating Limits:

(-}40 to 150 °F (Ampilifier)

Overpressure Effect:

Zero shift of less than £ 2.0 %

Static Pressure Zero Effect:

+ 0.5 % of upper range limit for 2000 psi

Static Pressure Span Effect (SPNE2):

{-) 0.5 % = 0.1% input reading per 1,000 psi. This is
a systematic error which can be calibrated out for a
particular pressure before installation.
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Table 2-12.
CRD Hydraulic System Differential Pressure Transmitter
Seismic (vibration) Effect (SEIS2): +0.05 % of URL per g at 200 Hz in any axis.
Power Supply Effect (PSE2): < 0.005 % of calibrated span per volt.
Mounting Position Effect: No span effect. Zero-shift can be calibrated out.
EMI/RFI Effect: Not Specified
Response time (damping): Not Specified
Harsh temperature effect (HTE2): Not Applicable
Humidity limits: 0to 100 % RH
Safety Classification: Non-safety related
Radiation Effect (e2R): " |Not Specified

2.4.4 CRD Hydrauiic System Flow Signal Resistor Unit (Ref. 4.1.1, 4.5.12, Attachment 12, and 4.7.3);

Table 2-13.

CRD Hydraulic System PPC Precision Signal Resistor Unit
Dwg. Designation: 8Q
Device Type: Precision signal resistor unit (wire-wound)
Manufacturer/Model No.: Bailey Type 766
Selected Range: 8 Ohm
Accuracy: + 0.008 ochm (£ 0.1 %)
Safety Classification: N/A
Temperature Effect: + 0.5 % for 40 — 120°F
Input Signal Range: 4 fo 20 mAdc

2.45 CRD Hydraulic System Flow PPC I/O (Refs. 4.5.8, 4.5.12, and Attachment 4):

Table 2-14,

CRD Hydraulic System PPC Analog Input Card Unit 1
Component 1.D.; A1711
Location: 10-C603 (H12-P603)
Device Type: PPC - Potentiometer (Analog) Input Card
Manufacturer/Model No.: Analogic/ANDS5500
Quality Classification: N/A
Accident Service & Seismic Category: N/A
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Table 2-14.
CRD Hydraulic System PPC Analog Input Card Unit 1
Tech Spec Requirement: N/A
Selected Full Scale Span: + 160 mV

Calibration Span:

(-} 160 mV to (+) 160 mV

Calibration Period:

24 months

Accuracy (A3): + 0.5 % of full scale span
Calibration Accuracy: N/A

Input Impedance (resistance): 10 Meg Ohms

Analog to Digital Converter: Not Specified

Power Supply Effect (PSES): N/A

EMI/RFI Effect: N/A

Operating Temperature Limits: 3210122 °F (0 10 50 °C)
Humidity fimits: Not Specified

Safety Classification: Non Safety-Related

2.4.6 CRD Hydraulic System Flow Process Parameters (Refs. 4.3.2 and 4.8.5):

Process Temp Maximum:
Process Temp Minimum

150 °F
45°F

The minimum water temperature is based on the CST being outside and exposed to winter
elements. The maximum temperature is based on 140°F of the condensate and condenser system
plus 10°F nominal heat addition from the CRD Water pump. (Ref. 4.3.2)

24.7 CRD Hydraulic System Local Service Environments (Ref. 4.4.2):

Table 2-15.

CRD Hydraulic System Local Service Environments

Flow Transmitter Plant Process Computer
Area / Room. Area 015/ Room 402 Area 008 — Control Room
Location Room 402 Control Room (Comp. Rm. 553)

Normal Temp. Range (°F)

65 min/ 106 max / 80 norm

65 min/ 78 max / norm N/A

Normal Pressure

(-) 0.25 inches WG

+ 0.25 inches WG

Normat Humidity (RH %)

50 average / 90 maximum

50 average / 90 maximum

Radiation

1.00E-01 Rads/hr, 3.51E+04 TID

N/A
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25 RECIRCULATION PUMP MOTOR UNCERTAINTY

2.5.1 Recirculation Pump Motor Loop Diagram

Each analyzed instrument loop consists of a Watt Transducer, and a PPC input/output (1/0) module.
The uncertainty magnitude of the CT and PT is negligible for this calculation.

PT cT
Potential Current
Transformer Transformer
l |
Watt Transducer PPC Analog Input Card

Computer Points — A1725 & A1726

2.5.2 Recirculation Pump Motor Watt Transducer (Ref. 4.5.13 to 4.5.15, Attachment 9, 4.9.5, and 4.9.7)

Table 2-16.

Recirculation Pump Motor Watt Transducer
Component |.D.: MT1A and MTi B
Location: 10-C603 (H12-P603)
Device Type: Watt Transducer
Manufacturer/Model No.: Ametek Power Systems / XL3-1K5A2-25
Quality Classification: N/A
Accident Service & Seismic Category: N/A
Tech Spec Requirement: N/A
Rated Output (RO) 10.5 MW
Current Input (Current Transformer): 0~ 5 Amps (1500/5)
Voitage Input (Potential Transformer): 0- 120 V (4160/120)
Output Range: 0 - 1 mAde
Calibration Period: 24 months
Accuracy (A1): + (0.2% Reading + 0.01% Rated Output) at

0-200% Rated Qutput

Stability (Drift, D1) per year: + 0.1% RO, Non-cumulative
Temperature Effect: + 0.005%/°C
PF Effect on Accuracy + 0.1% VA (maximurn)
EMU/RFI Effect: N/A
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Table 2-16.
Recirculation Pump Motor Watt Transducer
Operating Temperature Limits: (-)4°F to 158 °F (-20° C to +70° C)
Operating Humidity: 0 to 95 % RH non condensing
Safety Classification: Non Satety-Related

2.5.3 Recirculation Pump Motor Watt Meter Transducer Precision Signal Resistor (Ref. 4.5.13 to 4.5.15,

and 4.9.7):
Table 2-17.
Recirculation Pump Motor Watt Transducer PPC Precision Signal Resistor Unit
Dwg. Designation: R3A & R3B
Device Type: Precision signal resistor unit (wire-wound)
Manufacturer/Model No.: GE / Type HR41D5B
Selected Rating: 160 Ohm
Accuracy: = 0.1% of input signal range, 0.1 watt
Safety Classification: N/A
Temperature Effect: N/A
Input Signal Range: 0 -1 mAde

2.5.4 Recirculation Pump Motor Watt Transducer PPC Analog Input Card (Ref. Attachment 4):

Table 2-18.
Recirculation Pump Motor Watt Transducer PPC Analog Input Card Unit 1
Component L.D.; A1725 and A1726
Location: 10-C603 (H12-P603)
Device Type: PPC - Potentiometer (Analog) Input Card
Manufacturer/Model No.: Analogic/ANDSS5500
Quality Classification: N/A
Accident Service & Seismic Category: N/A
Tech Spec Requirement: N/A
Selected Full Scale Span: =160 mV
Calibration Span: (-) 160 mV to (+) 160 mV
Calibration Period: 24 months
Accuracy (A2): + 0.5 % of full scale span
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Table 2-18.

Recirculation Pump Motor Watt Transducer PPC Analog Input Card Unit 1
Input Impedance (resistance): 10 Meg Ohms
Analog to Digital Converter: Not Specified
Power Supply Eftect (PSE2): N/A
EMI/RFI| Effect: N/A
Operating Temperature Limits: 32 to 122 °F (0 to 50 °C)
Humidity limits: Not Specified
Safety Classification: Non Safety-Related
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3.0

3.1

3.2

3.4

3.5

3.6

3.7

3.8

3.9

3.10

ASSUMPTIONS AND LIMITATIONS

Standard practice is to specify calibration uncertainty in calculations equal to the uncertainty
associated with the instruments under test (Ref. 4.1.1).

Instrumentation uncertainty caused by the operating environment's temperature, humidity, and
pressure variations are evaluated when these error sources are specified by the instrument’s
vendor. If the instrument’s operating environment specifications bound the in-service
environmental conditions where the equipment is located and separate temperature, humidity, and
pressure uncertainty terms are not specified for the instrument, then these uncertainties are
assumed to be included in the manufacturer's reference accuracy specification.

Published instrument vendor specifications are considered to be based on sufficiently large
samples so that the probability and confidence level meets the 2o criteria, unless stated otherwise
by the vendor.

Seismic effects are considered negligible or capable of being calibrated out unless the
instrumentation is required to operate during and following a seismic event.

The insulation resistance error is considered negligible unless the instrumentation is required to
operate in an abnormal or harsh environment.

Regulated instrument power supplies are assumed to function within specified voltage limits;
therefore, power supply error is considered negligible with respect to other error terms unless the
vendor specifically specifies a power supply effect.

Measurement of CRD hydraulic system purge water temperature is found to be accurate within + 0.7
“F per Attachment 1. The enthalpy of water at the CRD normal operating pressure of 1448 psig and
normal operating temperature of 100 °F as listed in P-300 (reference 4.4.1) are used to determine
uncertainty of the CRD hydraulic system enthaipy because this is more conservative than using the
higher temperatures normally found during operation.

The CRD system uses a Rosemount 1151 differential pressure transmitter (Section 2.4.3), which is
mounted in a radiation exposure area. A radiation exposure effect is not specified for the Model
1151 transmitter; therefore the radiation effect applicable to this transmitter is assumed to be 10 % of
span. This assumption is considered conservative based on three factors: (1) periodic surveillance
is performed on this transmitter and it is required to operate within 0.5 % of span or maintenance
activities must be performed. Existing calibration records did not indicate anything unusual occurring
with the calibration of these transmitters in this service. (2) A Rosemount Model 1153 series B
transmitter is rated for radiation exposure and may be expected to have a radiation effect of + 4 % of
upper range limit (URL) during and after exposure to 2.2 x 10 rad (Section 7.3.1 .16). However, this
exposure is over a 1000 times the expected exposure for the CRD system flow transmitter s during
normal service. The estimated TID during normal service for the CRD flow transmitter is 3.51 x 10°
rad (Section 4.4.2). The 10 % span estimated effect is more than an order of magnitude greater than
the threshold for maintenance activity and of the same order of magnitude of the effect on a similar
transmitter with 1000 times the exposure.

Interim results are rounded to the level of significance of the input data to avoid implying that a
higher level of precision exists in the calculated values. For example, uncertainty may be specified
by a supplier to one significant figure (e.g., 0.5 %). This value says that the level of significance
associated with this uncertainty is one part in two hundred. The results are rounded when the
numeric value of a result implies a higher level of significance than what the input data suggests.
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3.1

3.12

3.13

An uncertainty of + 10 psig is assumed for the feedwater pressure to cover the variations in the
actual steam dome pressure. The variation in pressure has a negligible effect on the enthalpy of the
feedwater.

An uncertainty of 10 % is assumed for the RPV thermal radiation heat loss term, Qpap, based on a
review of calculation LM-0553 (Reference 4.8.3). LM-0553 determined the RPV heat loss by
calculating the actual heat load in the drywell, subtracting the heat load attributed to any operating
equipment in the drywell, and proportioning the heat load based on the shared chilled water system
design flows assigned to Unit 1 drywell and Unit 2 drywell on a percentage basis. LM-0553 assumes
Unit 1 and Unit 2 are operating at 100 percent power and the drywell air cooling fans are aligned as
designed. ’

Steam table excerpts have been provided for convenience as Attachment 5, National Institute for
Standards and Technology (NIST) Saturated Properties of Water, and Attachment 6, NIST Isobaric
and Isothermal Properties of Water, as extracted from the NIST fluid properties WebBook
(Reference 4.9.3). For conservatism, factors of one-haif the least significant figure in the tables are
used for the interpolation error. The factors are 0.05 Btu/lbm for vapor and 0.005 Btu/lbm for liquid.
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4.2
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4.2.2
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4.3.1
4.3.2
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4.3.4
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4.5
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5.0

6.0

6.1

6.2

IDENTIFICATION OF COMPUTER PROGRAMS

The results of calculations by special computer programs were not directly used in this design
analysis. Microsoft® Office Excel 2003 SP 3 was used to confirm the arithmetic results.

METHOD OF ANALYSIS

METHODOLOGY

The methodology used to calculate Section 6 is based on CC-MA-103-2001, “Setpoint Methodology
for Peach Bottom Power Station and Limerick Generating Station” (Ref. 4.1.1).

These are non-safety-related indication loops, but the indication is used to calculate Core Thermal
Power, which is a licensing limit. This analysis will use the Square Root of the Sum of the Squares
(SRSS) methodology for combining the random and independent uncertainties. The dependent
uncertainties will be combined according to their dependency relationships and biases will be
algebraically summed in accordance with the Reference 4.1.1. The level of confidence for each

uncertainty will be normalized to a 2¢ confidence level.

CORE THERMAL POWER (CTP) CALCULATION:

The process computer provides a calculation of the CTP based on a system heat balance, where
CTP is the difference between the energy leaving the system and the energy input into the system
from energy sources external to the core. The process computer steady state reactor heat balance
equation is based on a summation of all heat sources raising the inlet feedwater and other cold water
to steam exiting the pressure vessel. Figure 5-1 shows the Limerick heat balance control volume.
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Figure 5-1, Limerick Heat Balance Control Volume Diagram

CTP = Energy out — Energy in

Energy in = Qew.in + Qcro.in + Qp

Energy out = Qs.rw + Qoro.out + Qrao + Qrweu

Where,

CTP Core Thermal Power generated by nuclear fuel

Qewan Energy of feedwater required to raise inlet FW to Steam

Energy of CRD purge water and recirculation pump seal purge water

Qeap-n going to feedwater

Qp Heat added by the recirculation pumps

Qs.rw Energy of steam from feedwater supply
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Q Energy of CRD purge water and recirculation pump seal purge water
CRD-OUT  going to steam

Qpap Radiative heat losses from the reactor pressure vessel

Q Heat removed by the RWCU system regenerative heat exchangers
AWCU (includes both a heat removal term and a heat additions term)

6.2.1 EnergyIn
Each of the above heat contributors are individually evaluated as follows:

6.2.1.1  Energy of feedwater (Qrw.iv) is equal to the feedwater mass flow rate (wew) multiplied by the
enthalpy of the water at the bulk temperature of the feedwater (hew(Tew)) entering the reactor.
Changes to the bulk temperature of the feedwater due to the influx of recirculation water and
RWCU water are ignored because these mass flows represent less than 1 % of the total mass flow
and the temperature change caused by their influx negligible.

Qrw.v = Wew - he(Tew) (Equation 4)
6.2.1.2 Energy of Control Rod Drive purge water and recirculation pump seal purge water (Qcrp.w) is taken
to be fixed at the enthalpy of water for a given temperature and pressure.

Qcrp-n = Werp - he(Teap) (Equation 5)

6.2.1.3 Energy of recirculation pumps (Qgp)

Energy of recirculation pumps (Qp) is taken as the number of pump motors (n) multiplied by the
efficiency of the pump motors (nm) multiplied by the power of the pump motors (We). This is a
conservative value because the combined net energy of the two recirculation pump motors
contributes to the energy of the recirculation water. This estimate is fixed relative to CTP because
relatively large random variations in Qe will be negligible compared to Qgy.

Qe=n.Nn-We (Equation 6)

6.2.2 Energy out
6.2.2.1 Energy of Steam

Energy of steam from feedwater (Qs.rw) is equal to the feedwater mass flow rate (Wgy) multiplied
by the enthalpy (ha(Ps)) of the steam (hg) at the steam dome pressure (Pg). The moisture
carryover mass fraction is conservatively set to 0 (See Attachment 2),

Qs.rw = Wrw « hg(Ps) (Equation 7)
6.2.2.2 Energy of CRD Purge Water

In a Boiling Water Reactor (BWR), the energy of CRD purge water and recirculation pump seal
purge water going to steam (Qcap.out) is equal to the mass flow rate of control rod drive and
recirculation pump seal purge water (wcrp) multiplied by its enthalpy. However, the Feedwater
mass flow rate will makes up greater than 99 % of the steam mass flow rate; therefore, Werp will
be quantified as a fixed number because relatively large random variations in Wegp will be
negligible in determining Qs.

Qcrp-out = Weeo + ha(Ps) (Equation 8)
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6.2.2.3

6224

6.2.3

Energy of Reactor Pressure Vessel Radiative Heat Loss

Energy of reactor pressure vessel radiative heat loss (Qpap) includes both heat loss due to thermal
radiation as well as heat loss through convection. This value is fixed relative to CTP because
relatively large random variations in Qrap will be negligible in determining Qs.

Energy of Reactor Water Clean-up

Energy of reactor water clean up (Qawcy) is based on the net heat removed by the non-
regenerative heat exchanges from the recirculated water stream bypassed from Recirculation Loop
B to the RWCU. The actual contribution to the heat removed from the reactor pressure vessel is
negligible because the non-regenerative heat exchangers cool the stream going to the cleanup
filters and demineralizers and the regenerative heat exchangers use the incoming stream to reheat
the RWCU flow back up to the feedwater temperature. The mass flow rate is equal to the nominal
pump flow rate the higher of Pump A or the combination of Pump B & C. The pump flow rate is
fixed relative to CTP because relatively large random variations in Qgwcy will be negligible in
determining Qs. The net heat removed is equal to the mass flow rate (Wawcy) multiplied by
difference of enthalpies across the RWCU.

Qrwey = Waweu * [De(Trev) — he(Tew)] (Equation 9)

Heat Balance Equation

The reactor heat balance is based on the principle that heat input to the reactor water equals heat
out. Substituting Equations 2 and 3 into Equation 1 yields:

(Qs.rw + Qcrp.out + Qrap + Qrwey) = CTP + (Qpw.an + Qeroan + Qp) (Equation 10)

Solving for CTP vields,

CTP = (Qs.ew + Qcap-out + Qrap + Qrwew) = (Qrwan + Qoroan + Qp)

= [Wew - ha(Ps) + Wero - ha(Ps) + Qrap + Wawcu + [Ne(Trev) = he(Tew)]
- [Wew « he(Tew) + Wero + e(Tcnp) + Ne N - Wl (Equation 11)

Combining like terms,

CTP = [[wrw - ha(Ps) - Wew - he(Tew)] + [Werp - ha(Ps) - Werp - he(Teap))
+ Qrap + Wawcu + [De(Trev) = be(Tew)] - N+ N - We] (Equation 12)

CTP = Wrw - [ha(Ps) - he(Tew)] + werp « [ha(Ps) - he(Tcap)]
+ Qrao + Wawcu * [he(Trev) = he(Tew)] - 0 - N - We (Equation 13)

Equation 13 is the form of the equation used by the Plant Process Computer (PPC) to calculate CTP
(Reference 4.8.2). The CTP can now be expressed as a function of Wgy, ha(Ps), Qcrp-our » Qrap »
Qrweu » he{Trw), Qcroan » Qp.
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CTP = f (Wrw , ha(Ps), Qcro-our » Qrap » Qaweu » he(Tew), Qcroam » Qp) {Equation 14)

Further simplification of Equation 14 can be made by setting variables with negligible input into the
uncertainty of the CTP to constant values. The variables that have negligible contribution to the
determination of the uncertainty of the heat from CTP are Qcrp.our. Qrao, Qrweus Qerpan, and Qp as
discussed above (Sections 6.2.2.2, 6.2.2.3, 6.2.2.4, 6.2.1.2, and 6.2.1.3).

CTP = [wew * ha(Ps) + Qcrp-our + Qrap + Qawcul = [Wew * he(Trw) + Qcrpan + Qp)
= Wew * [Na(Ps) - he(Tew)] + (Qcro-out - Qcro.n) + Qrap + Qrweu - Qp (Equation 15)

6.2.4 Uncertainty Determination

From NUREG/CR-3659 (Ref. 4.9.4), the standard uncertainty (uc) of a function (y) containing
multiple statistically independent terms may be expressed as foliows:

Y= %, Xz, . .., XN)
N
Uc =J[Z Ciu X| } J(ZU; )
b=t (Equation 186)
Where,
5
C| o
9% and uy) = 1 & f u(x) (Equation 17)

The standard uncedtainty, u., is multiplied by a coverage factor, k, which is equivalent to the number
of standard deviations for a given confidence level to arrive at the measurement uncertainty U and
the expected value of y, Y, is taken as y plus or minus the measurement uncertainty.

U=kusy)andY=y=zU (Equation 18)

6.2.4.1 Standard Uncertainty for CTP

The standard uncertainty for CTP can be determined by taking the square root of the sum of the
squares of the partial derivatives of each subcomponent of CTP multiplied by the square of the
uncertainties of the subcomponents as shown in Equation 19 (Reference 4.9.4).

2 2
aCTP aCTP
awaJ *("WF*)ZHU%(PS)D e F }7
(| scTP T*(G Els aCTP 2*(0 )2+
ohe (Tew ) e (Tew) dQcap_our Qero . our

\

Uctp = ” 2 1 2
dCTP *(0. )2 + oCTP *((7 )2 .
1 Qe 3Qpap Qaap
J

aQCRDmlN
(lacTP|?

B 2
acTP J *(GQM?},

-

(Equation 19}

~

L[9Qawcu

The partial derivative terms can be solved for by recalling CTP from Equation 15.
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CTP = Wew - (ha(Ps) - he(Trw)) + (Qcro.our - Qcapv) + Qrap + Qrwey - Qp
The pattial derivatives are determined from Equation 15 and shown below, remembering that the
terms Qcap.out » Qerpan » Qrao » Qrweu » and Qp are fixed relative to the determination of the
uncertainty of CTP.

JCTP
Fv tha (Ps) — he (Tew )
FwW (Equation 20)

dCTP
Ihg(Ps) W :
a\Fs {Equation 21)

dCTP w
dhe(Tew ) (Equation 22)

JCTP
AL LA
0 Qcro_our ~ (Equation 23)

aCTP
9Qcro_N (Equation 24)

aCTP _

9 Qpap (Equation 25)

dCTP
=1
9 Qrwey (Equation 26)

dQp (Equation 27)

The Feedwater mass flowrate uncertainty, owrw, is equal to the measurement uncertainty as shown
in Equation 28.

9CTP _ ]

Ty =Uew ~Wew {Equation 28)
The steam enthalpy uncertainty, og, is determined by Equation 29.
2 2 2
dh dh dh
Oho (PS 'TS"Q) = J(-—a—_i_@-) '0'1'2 + (—-B—EQ'J 'O'Pz + (“g’i’G—J ‘0102
o (Equation 29)
Substituting finite differences for the partial derivatives:
2 2 2
() o (] oo 2]
o (Equation 30)

Noting that for saturated steam, pressure determines the temperature of the steam; thus, T =0
In addition, the steam tables used were derived from NIST Chemistry WebBook {Reference 4.9.3).

The interpolation error for steam enthalpy, Y = +0.05 Btu/lbm.

Page 32 of 93



6.2.5

Exe' c’n Reactor Core Thermal Power LE-0113
. Uncertainty Calculation Unit 1 Revision 0
Ahg(Ps) Y Ahg (1))
O (Pa b)) =.f| —882 | »g 2 | —Glol} » 5 2 (Equation 31)
"'a( S o) ( AF’S ) P A|o I q
The Feedwater enthalpy uncertainty, opr, is determined by Equation 32.
2 2 2
Op, (Tew :Prw s lo) = J@:f ] *°T2 + ("‘—"?g) *°P2 + (?)?F} ‘oloz
0 (Equation 32)

Substituting finite differences for the partial derivatives yields

2 2 2
3 .é_rlf_ *072 + éb.!'—; *opz + AhF *0"02
AT AP Aly
The interpolation error for liquid enthalpy, %k = + 0.005 BTU/Ib, and that the enthalpy of subcooled
water varies with temperature and slightly with pressure; thus,

Ahg ()Y Ah(P) ah Y
UnF(TFw:PFwJo)=J[-iTL-)-] + 0.2 +(~——1§:§——)} *opz+(m:) +0, (Equation 33)

The following uncertainty terms are relatively insignificant in the determination of CTP uncertainty;
therefore, it is only necessary to quantify the uncertainty to within a reasonably conservative value.
Refinement of the uncertainty of these items after this initial determination is not required given that
the uncertainty is within the tolerances shown in the sensitivity analysis (See Attachment 7).

The Control Rod Drive (CRD) outlet energy uncertainty, oaocan our, is determined by Equation 34,
where xcpp is the uncertainty calculated for the CRD flow stream.

9Qcr0_ oot = xgap % - Qcro.our (Equation 34)

The CRD inlet energy uncertainty, gacap_m is determined by Equation 35, where xcrp is the
uncertainty calculated for the CRD flow stream.

T ™ = xenp % - Qopo_n (Equation 35)

The reactor pressure vessel heat loss uncertainty, ognap, is determined by Equation 36, where xgap
is the uncertainty assigned to the heat loss value calculated by LM-0553 (Reference 4.8.3).

Fmo = a0 % - Qrao (Equation 36)

The RWCU heat removal uncertainty, coawcu, is determined by Equation 37, where xpwey is the
uncertainty calculated for the RWCU heat balance terms.

TQawes = xaweu % + Qrwcy (Equation 37)

The Recirculation Pump heat addition uncertainty, ogs, is determined by Equation 38, where xp is the
uncertainty calculated for measurement of the recirculation pump motor power.

%a = x5 % . Qp (Equation 38)

Extended Instrument Drift

Instrument drift specifications are usually published for a defined period of time. The instrument drift
for one period of time is independent from the instrument drift of any other equivalent period of time.
Therefore, the drift specitication D for a period of X months can be expanded to n.X months (where n
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is the station surveillance interval divided by the vendor drift interval and n is an integer greater than
zero) by the SRSS method. Instrument drift for surveillance intervals exceeding the instrument
suppliers’ specified drift interval is caiculated using Equation 39 (Section 4.1.1 of reference 4.1.1,).

Do =[n- (D)™ (Equation 39)
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7.0

71

7.2

7.3
7.3.1
7.3.141

7.3.1.2

7.3.1.3

7.3.14

NUMERIC ANALYSIS

FEEDWATER FLOW UNCERTAINTY
The uncertainty of the feedwater mass flow rate measurement for the Caldon® Ultrasonics
Leading Edge Flow Meter Check Plus (LEFMv'+) system is taken from Reference 4.8.6,
Section 2.0, using Equation 28.
O Wey =Urw measurement * Wrw =0.32% * Wy
= 0.0032 * 15,090,000 lbm/hr
= 48,288 Ibm/hr
STEAM DOME PRESSURE MEASUREMENT UNCERTAINTY
The uncertainty of the steam dome pressure measurement is taken from Reference 4.8.8.

Op =1 20 psig

REACTOR WATER CLEAN-UP (RWCU) FLOW LOOP UNCERTAINTY
RWCU Flow Loop Accuracy (LAswcy_riow)
RWCU Flow Element Reference Accuracy (A1)
Reference Accuracy is specified as + 1.50% of actual rate of flow (Section 2.2.3).
Aly, = +1.50% Flow
RWCU Flow Element installation Effect (IE1)
The flow elements meet the installation requirements of Ref. 4.6.5. Therefore,
IE1 =1 0.50% Flow
RWCU Flow Element Temperature Effect on Flow Element Expansion (TN1)

Per section 2.2.3, the maximum temperature of the water passing through the flow element is 582
°F and the normal temperature is 539 °F with the flow elements located just upstream of the RWCU
Recirculation Pumps. Since the system temperature operation band is small, there is a minor
change in the flow element expansion factor. The change is in order of 0.003 inches or less for the
temperature range of 515 °F to 560 °F. Therefore the temperature effect on flow element expansion

can be neglected.
TN1 =+ 0% Flow
RWCU Flow Element Temperature Effect on Density (TD1)

During normal operations the temperature band for the fluid passing through the flow element at
the inlet of the RWCU system is approximately 530 °F. The effect temperature has on density will
be evaluated at + 4.37 °F (Section 7.4.6) from the base condition of 530 °F at 1060 psig at the flow
element (Section 2.2.3). Density is relatively constant at 1060 psig; however, for conservatism a
variation of + 10 psig is used to show that the pressure effect is negligible even at four times the
nominally specified transmitter reference accuracy of 0.25 %. The uncertainty in the density,
op(T,P), as a function of temperature and pressure will follow Equation 33.
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Divide by the base density to convert to a percentage value

0.283 .
0o (Tencu - Fro) = -~ @530°F = 0.00598 =0.598 %

The percent change in density, g,, as a function of the percent change in flow, 6,, is given by the
following equation (Reference Attachment 8, Equation A8-10):

ox=2" 0y
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Rearranging Equation A8-10 and substituting o, for o, to solve for the unknown flow uncertainty, o;:

1
D1 G ’2‘ -TD1 L —

:i~0.598%
2

=0.299 %
TD1ya0w = 0.3 % of flow

7.3.1.5 RWCU Flow Element Humidity Error (e 1H)

The flow element is a mechanical device installed within the process. Therefore, humidity effects
are not applicable.

elH =0
7.31.6 RWCU Flow Element Radiation Error (e1R)

The flow element is a mechanical device installed within the process. Therefore, radiation effects
are not applicable.

elR = 0
7.3.1.7 RWCU Flow Element Seismic Error (e1S)

For normal error analysis, normal vibrations and seismic effects are considered negligible or
capable of being calibrated out. Therefore, there is no seismic error for normal operating
conditions (Section 3.5).

eitS = 0
7.3.1.8 RWCU Flow Element Static Pressure Offset Error (e1SP)

The flow element is a mechanical device installed within the process. Therefore, static pressure
eftects are not applicable.

eiSP = 0
7.3.1.9 RWCU Flow Element Ambient Pressure Error (e1P)

The flow element is a mechanical device installed within the process. Therefore, therefore the flow
element is not subject to ambient pressure variations.

etP = 0
7.3.1.10 RWCU Flow Element Process Error (e1Pr)

Any process errors have been accounted for as errors associated with Temperature Effect on
Density. Therefore,

eilPr = 0
7.3.1.11 RWCU Filow Element Temperature Error (e1T)

Temperature error is considered to be a random variable for the flow elements and is addressed
under Temperature Effect on Flow Element Expansion (Section 7.3.1.3). Therefore,

elT = 0
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7.3.1.12 RWCU Flow Transmitter Reference Accuracy (A2)

Reference Accuracy is specified as * 0.25 % of span considered to be a 3¢ value (Section 2.2.4).
The reference accuracy is set to the calibration accuracy per plant procedure (Reference 4.1.1).

A2, = x+0.50% [30]
Converting to a 2¢ value

A2y = +050%*2/3

A2, = £0.3333 % of span

Converting % span to % flow
Rearranging Equation A8-10, g,p = 2 * GrLow, t0 solve for flow (Reference Attachment 8):

A20%pion =  A2yspan/ 2
= x0.3333% of span/2
=  +0.1667 % of Flow
Assurion = 20,1667 % of Flow

7.3.1.13 RWCU Flow Transmitter Power Supply Effects (62PS2)
Power supply effects are considered to be negligible (Section 3.7). Therefore,
o2P82 = 0
7.3.1.14 RWCU Flow Transmitter Ambient Temperature Error (¢2T)

The temperature effect is + (0.75 % URL + 0.5 % span)/100°F [3c] (Section 2.2.4). The maximum
temperature at the transmitter location is 106 °F, and minimum temperature during calibration
could be 65 “°F, so the maximum difference = 106 — 65 °F = 41 °F (Section 2.3.4)

02T =  +[(0.0075 * 750 INWC + 0.005 * 220 INWC) * 41 *F/ 100 °F]
= x[(5.625 INWC + 1.1 INWC) * 0.41]
02T = +2.76 INWC [3c], rounded to level of significance
Converting to a 20 value
02T, = +276INWC*2/3
62T, = +1.8382INWC
Converting to % span
02T = +1.8382 INWC/220 INWC

= x0.008355=0.8355%
Converting % span to % flow

Rearranging Equation AB-10, 6,5 = 2 * OgL0w, to solve for flow (Reference Attachment 8):

62Togufiow =  02Tag%span/ 2
= +08355%/2
= x=04178%

02Toguriow = +0418%
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7.3.1.15 RWCU Flow Transmitter Humidity Error (e2H)

The manufacturer specifies the transmitter operating humidity limits between 0 and 100 % RH
(Section 2.2.4). The transmitter is located in Containment H2 Recombiner Room 506C, Area 16
where humidity may vary from 50 to 90% RH (Reference 4.4.2). Humidity errors are set to zero
because they are considered to be included within the reference accuracy specification under

these conditions. (Section 3.2)
e2H = 0
7.3.1.16 RWCU Flow Transmitter Radiation Error (e2R)

The manufacturer specifies the transmitter operating radiation effect during and after exposure to
2.2 x 107 rads TID (Section 2.2.4). The transmitter is located in Containment H2 Recombiner
Room 506C, Area 16, where total integrated dose (TID) could be as high as 8.78 x 10° rad
(Reference Section 4.4.2). Therefore,

e2R = (4.0 % of URL) * dose / rated dose
=  £(0.04.750 INWC) *8.78 x 10°/2.2 x 107
= +30INWC*3.99x10°

e2R = £1.20x10°INWC
Converting to % span
e2Ryspsn = x1.20Xx 10 INWC / 220 INWC

= +544x10°=544x10"%
Converting % span to % flow

Rearranging Equation AB-10, o,p = 2 * Or 0w, 10 solve for flow (Reference Attachment 8):
e2Ramow = ©2Rogpan/ 2
= +544x10%%/2
+272x10%%
= +2.72 x 10" %, which is negligible
0

i

e2R % Flow

7.3.1.17 RWCU Flow Transmitter Seismic Error (e2S)

The transmitter's accuracy is within £ 0.5% of URL (upper range limit) during and after a seismic
disturbance defined by a required response spectrum with a ZPA of 4 ¢'s. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating

conditions (Section 3.5)
e2S = 0
7.3.1.18 RWCU Fiow Transmitter Ambient Pressure Error (e2P)
The flow transmitter is an electrical device and therefore not affected by ambient pressure.
e2P = 0
7.3.1.19 RWCU Flow Transmitter Temperature Error (e2T)
Temperature error is considered to be a random variable for a Rosemount transmitter. Therefore

elT = 0

Page 39 of 93



Exel “n Reactor Core Thermal Power LE-0113
U . Uncertainty Calculation Unit 1 Revision 0
7.3.1.20 RWCU PPC I/O Module and SRU Reference Accuracy (A3)

7.3.1.21

7.3.1.22

7.3.1.23

7.3.1.24

7.3.1.25

7.3.1.26

Reference accuracy of the computer input is taken to be the SRSS of the reference accuracies of
the SRU and the I/O module. The reference accuracy of the SRU is 0.1 % of span (Section 2.2.5).
Reference Accuracy for the /O module is specified as + 0.25 % of span (Section 2.2.6).

A3 = 40.12 +0.5% = 0.5099 = 0.51 % span
Converting % span to % flow
Rearranging Equation A8-10, 64e = 2 * ok Low, t0 solve for flow (Reference Attachment 8):
Adgsiow = ABsspan/ 2
+0.51%/2
A3 tiow +0.255 %
RWCU PPC I/O Module Humidity Error (e3H)

The manufacturer specifies the I/O module operating humidity limits between 0 and 95 % RH
(Section 2.2.6). The I/O module is located in the Control Room 533, where humidity may vary from
50 to 80% RH (Reference 4.4.2). Humidity errors are set to zero because they are considered to be
included within the reference accuracy specification under these conditions (Section 3.2).

e3H = 0
RWCU PPC I/O Module Radiation Error (e3R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in
the Control Room 533, a mild environment (Section 4.4.2). Therefore, it is reasonable to consider
the normal radiation effect as being included in the reference accuracy.

e3R = 0
RWCU PPC I/0 Module Seismic Error (e3S)

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type ot accident condition. Therefore, there is no seismic error for normal operating
conditions (Section 3.5).

e3S = 0

RWCU PPC I/O Module Static Pressure Offset Error (e3SP)

The I/O module is an electrical device and therefore not affected by static pressure.
e3SP = 0O

RWCU PPC I/O Module Ambient Pressure Error (e3P)

The I/O module is an electrical device and therefore not affected by ambient pressure.
e3P = 0

RWCU PPC I/O Modute Process Error (e3Pr)

The /0O module receives an analog current input from the flow transmitter proportional to the
pressure sensed. Any process errors associated with the conversion of pressure to a current
signal have been accounted for as errors associated with Flow Element. Therefore,

e3Pr = 0

i

[}

Page 40 of 93



Exel‘bn Reactor Core Thermal Power LE-0113
» Uncertainty Calculation Unit 1 Revision 0

7.3.1.27 RWCU Flow Loop Accuracy (LAgwcu_fiow)

LAaweu_ F,ow..x[(AU +(IE1) +(TN1) +(TD1)? +(e1H) +(e1R) +(etS) +(e1SPz +(@1PY +
(e1Pr; (e1T) +(A2L (s2P82) +(s2T) +(e2H) +(e2R) +(9282 + (e2P)° +
(82T)° + (A3)? + (e3H) +(e:3FI) +(e38) + (e3SP)? +(33P) + (e3Pn)9)'?

=+[(1.5) +(05) +(0)? +(203) +(0) +(0) +(O) +(O) +(0) +(0) +(O) +
(01667) +(0) +(041§) +(0)° + (0)2 +(0)% + (0)? +(0)2 + (0.255)? +(0P+ (07 +
(0% + (0)? + (0)" + (0)]

=+[225+025+0+009+0+0+0+0+0+0+0+0.027789 +0+0.174724 +
0+0+0+0+0+0.065025+0+0+0+0+0+0]"

= + [2.85754]"%
=+ 1.690425 %
LARWCU,How =+1.7%

7.32 RWCU Flow Loop Drift (LDawcu_riow)
7.3.2.1  RWCU Flow Element Drift Error (D1)

The flow element is a mechanical device; drift error is not applicable for the flow elements.
Therefore,

D1 =+ 0.00% Flow
7.3.2.2 RWCU Flow Transmitter Drift Error (D2)

Drift error for the transmitter is + 0.2% of URL / 30 months, taken as a random 2¢ value (Section
2.2.4). The calibration frequency is 2 years, with a late factor of 6 months.

D2y = +(0.2% * URL)
Drift is applied to the surveillance interval (Sl) using Equation 39 (Section 6.2.5) as follows
D2 = x[n(DYY"

= & ([(24 months + 6 months) / 30 months] - [0.002 URL] %)"?
£ ([(30/ 30)] -[1.5 INWC])'?

D2;; = x1.50INWC
Canverting to % span

D2ys0an= £ 1.5INWC/219.8 INWC

= +0.00682439 = 0.682439 %

Converting % span to % flow
Rearranging Equation AB-10, o4 = 2 * orLow, t0 solve for flow (Reference Attachment 8):

D2xfiow =  D2yspan/ 2
0.682439% /2
+0.341219 %

D2yriow = £0.34%

7.3.2.3 RWCU Flow PPC /O Module Drift Error (D3)

The vendor does not specify a drift error for the I/O module. Therefore, per Ref. 4.1.1 Section |, it is
considered to be included in the reference accuracy.

D3 = 0

i

]

Page 41 of 93



Exei‘l)n Reactor Core Thermal Power LE-0113
* Uncertainty Calculation Unit 1 Revision 0

7.3.24 RWCU Flow Loop Drift (LDawcu_fiow)
LDawcu_row = [(D1)* + (D2)? + (D3)]"*
= [(0)* + (0.34)* + (0)]"
=+[0 +0.116431 + 0]'"2
= £[0.116431]"2
=+0.341219 %
LDrweu_fiow = +0.34 %
7.3.3 RWCU Flow Loop Process Measurement Accuracy (PMAgrweu_Fiow)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMAgwcu_flow = 0
7.3.4 RWCU Flow Loop Primary Element Accuracy (PEAgwcy_riow)
No additional PEM effects beyond the effects specified in the calculation of loop accuracy.
PEArwcy_Flow = O
7.3.5 RWCU Flow Loop Calibration Accuracy (CArwcu_riow)

Standard practice is to specify calibration unceriainty in calculations equal to the uncertainty
associated with the instruments under test (Reference 4.1.1),

Therefore,
CArwouriow =  [(A1)" + (A2)" + (AB)'"
= [(1.5 %)%+ (0.1667 %)* + (0.255 %)3]"?
= [2.3428 %%)'"?
= 1.5306 %
CApwcufiow = 1.5%

7.3.6 Total Uncertainty RWCU Flow Loop (TUawcu_riow)
TUrweu Flow = £ [(LA)? + (LD)? + (PMA)? + (PEA)? + (CA)Y"™
=£[(1.7)? + (0.34)% + (0)% + (0)2 + (1.5)3]"*
=+[2.89 +0.1156 + 0 + 0 + 2.25]'2
= + [5.2556]"2
=+ 2.20251%

TURWCUWF!OW =+23%

74 RWCU TEMPERATURE LOOP UNCERTAINTY

7.4.1  RWCU Temperature Loop Accuracy (LArwcu 1)
7.4.1.1 RWCU Temperature Element Reference Accuracy (A1)
RWCU Temperature Element Reference Accuracy is provided in Section 2.3.1.

Al = +0.75°F
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7.4.1.2 RWCU Temperature Element Power Supply Effects (61PS)
Power supply effects are considered to be negligible (Section 3.7). Therefore,

olPS = O
7.4.1.3 RWCU Temperature Element Ambient Temperature Error (61T)

All thermocouple extension wire junctions are on adjacent terminals and are assumed to be at the
same temperature. Therefore, for the thermocouple,

O1Ty= 0
7.4.1.4 RWCU Temperature Element Humidity Error (e1H)

The manufacturer does not specify the thermocouple operating humidity limits (Section 2.3.1). The
thermocouple is located in the RWCU System Room 506, where humidity may vary from 50 to 90%
RH (Reference 4.4.2). Humidity errors are set to zero because they are considered to be included
within the reference accuracy specification under these conditions (Section 3.2).

etH = 0
7.4.1.5 RWCU Temperature Element Radiation Error (e1R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in
the Control Room 533, a mild environment (Reference 4.4.2). Therefore, it is reasonable to
consider the normal radiation effect as being included in the reference accuracy. Therefore,

efR = 0
7.41.6 RWCU Temperature Element Seismic Error (e1S)

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating

conditions (Section 3.5).
el1S = 0
7.4.1.7 RWCU Temperature Element Vibration Effect (e1V)

The error due to vibration is considered to be negligible because it is small and unaffected by
vibrations in the system.

elVv = 0
7.4.1.8 RWCU Temperature Element Static Pressure Error (e1SP)
The thermocouple output is not subject to pressure variations.
e1SPs= 0
7.4.1.9 RWCU Temperature Element Ambient Pressure Error (e1P)
The thermocouple is an electrical device and therefore not affected by ambient pressure.
elP = 0
7.4.1.10 RWCU Temperature Element Temperature Error (e1T)

The temperature error is assumed to be included in the reference accuracy (Reference 4.1.1).
Therefore,

elT = 0
7.4.1.11 RWCU Temperature Loop PPC 1/O Module Reference Accuracy (A2)

Reference Accuracy is specified as + 3.0 °F (Section 2.3.3) and considered to be a 26 value
{Section 3.4)
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A2, = £30°F
7.4.1.12 RWCU Temperature Loop PPC I/O Module Humidity Error (s2H)

The manufacturer specifies the I/O module operating humidity limits between 0 and 95 % RH
(Section 2.3.3). The I/O module is located in the Control Room 533, where humidity may vary from
50 to 90% RH (Reference Section 4.4.2). Humidity errors are set to zero because they are
considered to be included within the reference accuracy specification under these conditions.

(Section 3.2)
eeH = 0
7.4.1.13 RWCU Temperature Loop PPC /O Module Radiation Error (e2R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in
the Control Room 533, a mild environment [Section 4.4.2]. Therefore, it is reasonable to consider
the normal radiation effect as being included in the reference accuracy. Therefore,

e2R = 0
7.4.1.14 RWCU Temperature Loop PPC I/O Module Seismic Error (e2S)

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating
conditions (Section 2.8).

e28 = 0
7.4.1.15 RWCU Temperature Loop PPC I/O Module Static Pressure Offset Error (e2SP)

The I/O module is an electrical device installed in the control room and is not subject to pressure
effects.

e2SP = 0
7.4.1.16 RWCU Temperature Loop PPC I/O Module Ambient Pressure Error (e2P)
The I/O module is an electrical device and therefore not affected by ambient pressure.
e2P = 0
7.4.1.17 RWCU Temperature Loop Accuracy (LARwcU_Fiow)

LArwcur == [(A1)° + (01PS)? + (61T)? + (e1H)? + (e1R)? + (e1 Sf + (e1Vf + (e1SP) + (e1P)?
+(e1T)? + (A2)? + (e2H) + (62R)? + (62S)? + (62SP)? + (e2P)9]'?

=+ [(0.75)° + (0)2 + (0) + 40)"‘ +(0)% + (0 + (0)° + (0)% + (0)? + (0)° + (3.0)2 + (0) +
(0)? + (0)* + (0)* + (0)'

=+[0.5625+0+0+0+0+0+0+0+0+0+9.0+0+0+0+0+0]"?
= + [9.5625 °F%"?
LARWCU%T =% 3.09 °F

7.4.2 RWCU Temperature Loop Drift
7.4.2.1 RWCU Temperature Element Drift Error (D1)

The error associated with the thermocouple is already included in the reference accuracy (Section
3.2). Therefore, for the thermocouple,

D1 = 0
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7.42.2 RWCU Temperature Loop PPC I/0 Module Drift Error (D2)

The vendors do not specify drift errors for the SRU and I/O module. Therefore, per Section 3.2, it is
considered to be included in the reference accuracy.

D2 = +0
7.423 RWCU Temperature Loop Drift (LDawcu_1)
LDawcur = [(D1)* +(D2)*"™
=[(0)* + (0"
=x[0+0)"”
=% [0]1/2
=+0.0%
LDpweur =10%
7.43 RWCU Temperature Loop (PMAawey 1)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMAgwcu_t = =0
7.44 RWCU Temperature Loop (PEAawcu_1)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PEAgwcut =0
745 RWCU Temperature Loop Calibration Accuracy (CAawcy_T)

Standard practice is to specify calibration uncertainty in calculations equal to the uncertainty
associated with the instruments under test (Reference 4.1.1).

Therefore,
CAmwcur = [(A1)*+(A2)% + (A3)T"
= [(0.75 °F)? + (3.09 °F)3"?
= [0.5625 + 9]"?
= [9.5625]"°
CAmwcur = 3.09°F

7.4.6 Total Uncertainty RWCU Temperature Loop (TUaweu 1)
TUrwour =% [(LA)? + (LD)? + (PMA)? + (PEA)? + (CA)Y"™?
= [(3.09)° + (0)% + (0)% + (0)? + (3.09)2
=+[9.5625 + 0 + 0 + 0 + 9.5625)'"?
=+[19.125]"2
=+ 4373 °F
TUmweur = %4.37°F

7.5 CRD FLOW RATE UNCERTAINTY
7.5.1 CRD Flow Rate Loop Accuracy (LAcrp_riow)
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7511

7512

7513

7514

75.15

7.5.1.6

7.5.1.7

CRD Flow Element Reference Accuracy (A1)
The accuracy of the flow element is + 1% of actual rate of flow (Section 2.4.2).
Therefore,
Al = x1%flow
CRD Flow Element Humidity, Radiation, Pressure, and Temperature Errors (e1H, e1R, e1P, elT)

The flow element is a mechanical device mounted in the process and its output is not subject to
environmental or vibration effects. Therefore;

elH=¢elR=elP=el1T =0
CRD Flow Element Seismic Error (e1S)

A seismic event is an abnormal operating condition and is not addressed by this calculation
(Section 3.5). Therefore;

818§ = 0
CRD Flow Element Static Pressure Error (e1SP)

The flow element is constructed of stainless steel and is not affected by process pressure.
Therefore,

eiSP = 0
CRD Flow Transmitter Reference Accuracy (A2)

Reference Accuracy is + 0.25 % of span (Section 2.4.3). The reference accuracy is set to the
calibration accuracy per plant procedure (Reference 4.1.1).

A2 = +050%
Converting % span to % flow

Rearranging Equation A8-10, 6, = 2 * GrLow, t0 Solve for flow (Reference Attachment 8):
A2uriow = A2yspan/ 2
+0.50 % of span /2
+ 0.25 % of Flow
A2 Fiow +0.25 % of Flow
CRD Flow Transmitter Power Supply Effects (62PS)
Power supply effects are considered to be negligible (Section 3.7). Therefore,
02PS = 0
CRD Flow Transmitter Ambient Temperature Error (62T)

The temperature effect is + 2.4 % of span per 100 °F at 197.5 INWC span (Section 2.4.3). The
calibrated span is 197.5 INWC. The maximum temperature at the transmitter location is 106 °F,
and minimum temperature during calibration could be 65 °F, so the maximum difference = 106 - 65
°F = 41 °F (Section 2.3.4).

02T +[(0.024 - 197.5 INWC) / 100 °F] - 41 *F [30]
+[(4.74 INWC)/100 *F] - 41 °F

+ 1.943 INWC
Converting to % span

1]

]

]

]
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02Ty = +1.943INWC/197.5 INWC

= +0.0098
Converting % span to % flow

Rearranging Equation A8-10, 6,¢ = 2 * 60w, 10 SOIve for flow (Reference Attachment 8):

02T suflow = 02T 2q%5pan/ 2
= +098%/2
= x049%
02Togoufiown = +0.49%
CRD Flow Transmitter Humidity Error (e2H)

The manutacturer specifies the transmitter operating humidity limits between 0 and 100 % RH
(Section 2.4.3). The transmitter is located in the CRD Equipment Area, Room 402, where humidity
may vary from 50 to 90% RH (Reference 4.4.2). Humidity errors are set to zero because they are
considered to be included within the reference accuracy specification under these conditions.
(Section 3.2)

e2H = 0

CRD Flow Transmitter Radiation Error (e2R)

Radiation error is assumed to be 10 % of span (Section 3.9).
e2R = 10 % of Span

10 % - 197.5 INWC

e2R 18.75 INWC
Converting to % span

62R = x19.75INWC/197.5 INWC

= £010=10%
Convetrting % span to % flow

Rearranging Equation A8-10, o4 = 2 * GrLow, to solve for flow (Reference Attachment 8):

]

02Rgriy =  02Raguspan’ 2
= +10.0%/2
= +500%
2Ry k10w = x50%

7.5.1.10 CRD Flow Transmitter Seismic Error (2S)

7.51.11

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating
conditions (Section 3.5)

e28 = 0
CRD Flow Transmitter Vibration Effect (e2V)

The error due to vibration is considered to be negligible because it is small and unaffected by
vibrations in the system.

e2V = 0
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7.5.1.12 CRD Flow Transmitter Static Pressure Zero Error (e2SP)

The transmitter has a Zero Error of + 0.5 % of URL for 2000 psi (Section 2.4.3). The calibrated
range shown in Table 2-12 shows the static pressure adjustment made to account for the span
error effect. Therefore, the total Static Pressure Error is

@2SP = 0.5 % of URL for 2000 psi
The normal operating pressure (Table 2-11) is 1448 psig. Therefore,

e28P = +0.5%.750INWC . 1448 psig/ 2000 psi
= +2715INWC
e28P = x2.72 INWC, rounded
Converting to % span
028P = +£2.72INWC/200 INWC

+0.01316=1.32%
Converting % span to % flow

Rearranging Equation A8-10, 6,p = 2 * Gr 0w, 10 solve for flow (Reference Attachment 8):

H

02SPusiow = 025Paonspan/ 2
= £1.32%/2
= +0.66%
62SPyriw = 0.66%

7.5.1.13 CRD Flow Transmitter Ambient Pressure Error (e2P)
The flow transmitter is an electrical device and therefore not affected by ambient pressure.
e2P = 0
7.5.1.14 CRD Flow Transmitter Temperature Error (e2T)
Temperature error is considered to be a random variable for a Rosemount transmitter. Therefore
e2T = 0
7.5.1.15 CRD Flow Loop PPC I/O Module Reference Accuracy (A3)

Reference accuracy of the computer input is taken to be the SRSS of the reference accuracies of
the SRU and the 1/0 module. The reference accuracy of the SRU is 0.1 % of span. Reference
Accuracy for the /O module is specified as 1 0.5 % of span (Sections 2.4.4 and 2.4.5).

A3 = 40.1% +0.52 =0.5099 = 0.51 % span
Converting % span to % flow
Rearranging Equation A8-10, 6ap = 2 * O 0w, 10 solve for flow (Reference Attachment 8):
A3oriow = ABogpan/ 2
= +051%/2
A3 riow = +0.255%

7.5.1.16 CRD Flow Loop PPC l/O Module Humidity Error (e3H)

The manufacturer specifies the I/O module operating humidity limits between 0 and 95 % RH
(Section 2.4.4). The I/O module is located in the Control Room 533, where humidity may vary from
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75117

7.5.1.18

7.5.1.19

7.5.1.20

7.5.1.21

7.5.1.22

50 to 90 % RH (Reference 4.4.2). Humidity errors are set to zero because they are considered to
be included within the reference accuracy specification under these conditions. (Section 3.2)

e3H = 0
CRD Flow Loop PPC 1/O Module Radiation Error (e3R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in
the Control Room 533, a mild environment [Reference 4.4.2]. Therefore, it is reasonable to
consider the normal radiation effect as being included in the reference accuracy. Therefore,

e3R = 0
CRD Flow Loop PPC I/O Module Seismic Error (e3S)

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating
conditions (Section 3.5).

e88 = 0

CRD Flow Loop PPC I/0 Module Static Pressure Offset Error (e3SP)

The /O module is an electrical device and therefore not affected by static pressure.
e3SP = 0

CRD Flow Loop PPC /O Module Ambient Pressure Error (e3P)

The I/O module is an electrical device and therefore not affected by ambient pressurs.
e3P = 0

CRD Flow Laop PPC I/Q Module Process Error (e3Pr)

The I/0 module receives an analog current input from the flow transmitter proportional to the
pressure sensed. Any process errors associated with the conversion of pressure to a current
signal have been accounted for as errors associated with flow transmitter. Therefore,

e3Pr = O
CRD Flow Loop Accuracy (LAcap_riow)

LAcrD Fiow =[(A1)? +(e1H) +(e1F%) +(e1P) +(91T) +(e1S) +(e1SP) +(A2) +(0'2P82) +
(GZT) +(e2H) +(e2H) + (e2S)? +(92V) +(e2SP) + I;eQP) +(92T) + (A3)2 +
(e3H)? + (e3R)° + (e3S)° + (e3SP) + (e3P)2 + (e3Pr)?

[(1) +(0) +(0)? +(O) +(0) +(0) +(0) +(025) + (0 (z 49)° Lt (0y +(5 )
(0)% + (0)° + (0.66)% + (0)° + (0) + (0.255)? +(0)? + (0) +(0) +(0)% + (0)® + (0)"?

=+1 +0+0+0+0+0+O+0015625+0+02401 +0+25.0+0+0+0.4356 +
0+0+0065025+0+0+0+0+0+0]

= + [26.80323]"?
=+5177183 %

LAcro Flow = %52 %

7.5.2 CRD Flow Loop Drift (LDcro_ row)

7.5.2.1

CRD Flow Element Drift Error (D1)

The flow element is a mechanical device; drift error is not applicable for the flow elements.
Therefore,

D1 =+ 0.00% Flow

Page 49 of 93



] Reactor Core Thermal Power LE-0113
Exelun‘ Uncertainty Calculation Unit 1 Revision 0

7.5.2.2 CRD Flow Loop Transmitter Drift Error (D2)
7.5.2.3 CRD Flow Loop Drift Error (D2)

Drift error for the transmitter is + 0.25 % of URL / 6 months, taken as a random 2¢ value (Section
3.4). The calibration frequency is 2 years, with a late factor of 6 months.

D2, = x(0.25% *URL)
Drift is applied to the surveillance interval as follows (Section 6.2.5):

D2,y =  £([(24 months + 6 months) / 6 months] * {0.0025 URL] 2)”2
= % ([30/6]{0.0025 * 750 INWC])'?
= +[17.578125)'"°
= +4.192627458 INWC

D2, = +4.19 INWC, rounded to level of significance

Converting to % span
+4.19 INWC /1975 INWC
£0.02121 =2.121 %
Converting % span to % flow
Rearranging Equation A8-10, car = 2 * 6¢L0w, to solve for flow (Reference Attachment 8):
D2yriow = D2yspan/ 2
+2.121%/2
+ 1.0608 %
D24piow = 21.0%
7.5.2.4 CRD Flow Loap PPC I/O Module Drift Error (D3)

The vendor does not specify a drift error for the 1/0 module. Therefore, per Ref. 4.1.1 Section |, itis
considered to be included in the reference accuracy.

D3 = %0
7525 CRD Flow Loop Drift (LDawcu_riow)
LDcro_siow = [(D1)* + (D2)? + (D3]
=[(0)° + (1.0)° + (0)"®
=+[0+1.0+0]"
=t muz
LOcro_fiow =%10%
7.5.3 CRD Flow Loop Process Measurement Accuracy (PMAcgo_frow)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMArwcu_Fow = 0
7.5.4 CRD Flow Loop Primary Element Accuracy (PEAcro_riow)
No additional PEM effects beyond the effects specified in the calculation of locp accuracy.

il

Dz%Span

il

PEArweu_riow = 0
7.5.5 CRD Flow Loop Calibration Accuracy (CAcro_tiow)
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Standard practice is to specify calibration uncertainty in calculations equal to the uncertainty
associated with the instruments under test (Section 4.1.1).

Therefore,
CAawcuriow = [(A1)? + (A2)° + (A3)))"?
= [(1 %) +(0.25 %)% + (0.255 %)?]"?
= [1.25 %"
= 1.12753 %
CAnwcu riow = 1.06185 % = rounded to 1.1

7.5.6 Total Uncertainty CRD Flow Loop (TUcrp_riow)
TUcro_iow = [(LA)® + (LD)? + (PMA)? + (PEA)? + (CA)T"*
=[(56.2)% + (1.0)% + (0)* + (0% + (1.4
=+[27.04+1+0+0+121]"
= [29.25]"®
=+ 5.4083 %

TUCRDWFW =+54%

7.6 RECIRCULATION PUMP HEAT UNCERTAINTY
7.6.1.1 Recirculation Pump Motor Power (Qp)

The recirculation pump system consists of two parallel pumps that maintain forced circulation flow
loops in the reactor core. The water originates in the core and returns to the core at a higher
pressure. The work performed by the recirculation pumps includes the specific work of the pump
plus the pump inefficiency. This energy can be estimated by measuring the power consumed by the
pump motor and multiplying the pump motor power by the motor efficiency. The maximum design
output of the recirculation motor M-G set is 7700 HP, which is monitored by the watts transducer.
The 7700 HP is conservatively used in lieu of the motor 7500 HP rated in determining the
recirculation pump heat uncertainty.

Nm e

Brake HP Fluid HP

e  Motor
We

Wa
'lm = W
£ , motor efficiency;

where Wa =7m - We  motor output to pump (brake horsepower (HP))

Tp = _V_J,_ , pump efficiency
Wy

W, = ideal work energy input to fluid system (fluid HP)
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7.6.2
7.6.2.1

7622

7.6.2.3

We = electric power input to motor (measured power, Watts)

The difference between the input (actual pump power) and the output (ideal) pump power is the
power lost to friction in the pump. The heat added to the pump is due to inefficiency.

Heat Added by Pump = ((1 ~7e 100)- W,

The calculation of the total recirculation pump heat input, Q,, is taken from Equation 6 (Section
6.2.1.3).

Qe = 2+ 7m We (Equation 40)
Motor Efficiency, njm, is 94.8% at maximum speed of 1680 rpm (Reference 4.8.2)
= 2*0.948 * 5.74 MW (based on 7,700 Hp motor (Table 2-1)
= 10.8866 MW
Muitiply by 3,412,000 Btu/hr per MW to convert to Btu/hr
= 10.8866 MW * 3,412,000 Btwhr/MW '
37,145,079 Btu/hr
37,145,000 Btu/mr, rounded to level of significance

it

Qe

]

Whers, standard conversion factors are:
1 HP = 550 ft-lby/s
11t*=7.48 gal
1W =3.412 Btuhr
1 HP = 0.7457 kW
1HP = 2544.43 Btu/hr
Recirculation Pump Motor Watt Transducer Loop Uncertainty
Recirculation Pump Motor Watt Transducer Reference Accuracy (A1)

The accuracy of the transducer is + 0.2 % of Reading + 0.01 % Rated Output at 0 to 200% of the
Rated Output (reference Section 2.5.2).

Maximum error is when the reading is equal to the recirculation pump motor power rating in MW, i.e.,
7700 HP (5.74 MW, Reference 4.3.3).

Alo= £ (0.2% * 5.74 MW + 0.01% * 10.5 MW)
= +0.01253 MW
Alo= + 0.013 MW, rounded to level of significance

Recirculation Pump Motor Watt Transducer Power Supply Effects (g1PS)
Power supply effects are considered to be negligible {(Section 3.7}. Therefore,
ciPS = O
Recirculation Pump Motor Watt Transducer Ambient Temperature Error {o1T)
The Watt Transducer is located in the auxiliary electrical room. This is a controlled environment;
therefore, temperature error can be neglected.
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olT = 0
7.6.3 Watt Transducer Humidity, Radiation, Pressure, and Temperature Errors (e1H, e1R, 1P, e1T)

The watt transducer is an electrical device and the output is not subject to environmental or
vibration effects. Therefore;

elH=elR=elP=e1T=0
7.6.3.1 Recirculation Pump Motor Watt Transducer Seismic Error (e1S)

A seismic event is an abnormal operating condition and is not addressed by this calculation.
Therefore;

et = 0
7.6.3.2 Recirculation Pump Motor Watt Transducer Static Pressure Error (e15P)
The watt transducer is an electrical device not affected by process pressure. Therefore;
elSP = 0
7.6.3.3 Racirculation Pump Motor Watt Transducer PPC I/O Module Reference Accuracy (A2)

Reference accuracy of the computer input is taken to be the SRSS of the reference accuracies of
the SRU and the /O module. The reference accuracy of the SRU is 0.1 % of span as given in
Section 2.5.3. Reference Accuracy for the /O module is specified as + 0.5 % of span (Section
2.5.4) and considered to be a 2o value (Section 3.4).

A2, = V0.2 +05% _0509001951= 0.51 %
A2,4 +0.51% * range
A2, +0.0051 * 10.5 MW = 0.05355 MW
7.6.3.4 Recirculation Pump Motor Watt Transducer PPC I/O Module Humidity Error (e2H)

The manufacturer specifies the /O module operating humidity limits between 0 and 95 % RM
(Section 2.4.4). The /O module is located in the Control Room 533, where humidity may vary from
50 to 90 % RH (Reference 4.4.2). Humidity errors are set to zero because they are considered to
be included within the reference accuracy specification under these conditions. (Section 3.2)

e2H = 0
7.6.3.5 Recirculation Pump Motor Watt Transducer PPC I/O Module Radiation Error (e2R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in
the Control Room 533, a mild environment (Section 4.4.2). Therefore, it is reasonable to consider
the normal radiation effect as being included in the reference accuracy. Therefore,

e2R = 0
7.6.3.6 Recirculation Pump Motor Watt Transducer PPC I/0 Module Seismic Error (€2S)

No seismic effect errors are specified in the manufacturer's specifications. A seismic event defines
a particular type of accident condition. Therefore, there is no seismic error for normal operating
conditions (Section 3.5).

e2S = O
7.6.3.7 Recirculation Pump Motor Watt Transducer PPC /O Module Static Pressure Offset Error (e2SP)
The /O module is an electrical device and therefore not affected by static pressure.

e2SP = 0O

it
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7.6.3.8 Hecirculation Pump Motor Watt Transducer PPC I/0 Module Ambient Pressure Error (e2P)
The I/O module is an electrical device and therefore not affected by ambient pressure.
e2P = 0
7.8.3.9 Recirculation Pump Motor Watt Transducer PPC I/0 Module Process Error (e2P)r

Any process errors associated with the conversion of pressure to a current signal have been
accounted for as errors associated with Watt Transducer. Therefors,

ePr = 0
7.6.3.10 Recirculation Pump Motor Watt Transducer Loop Accuracy (LAp)

LAp x[(AT) +(0'1PS) +(01T) +(e1H) +(e1R) +(e1PL +(e1T) +(e1S) +(e1SP) +
(A2)? + (e2H)? + (€2R)? + (e28)° + (€2SP)? + (e2P) + (e2Pr)?)'”?

£[(0.013)° + (0)° + (0)° + (0)° + (0)° + (0)° + (0)° + (0.05355)° + (0)° + (0)° + (0)* +
(0 + (0) + (O)

= £[0.000169+0+0+0+0+0+0+0+0+0.002867603+0+0+0+0+0+0]"2
= +[0.003036603 MW?]'?
= +0.055105376 MW

LAs = £0.055 MW

]

1

7.6.4 Recirculation Pump Motor Watt Transducer Loop Drift (LDp)
7.6.4.1  Recirculation Pump Motor Watt Transducer Drift Error (D1}

The drift will be considered random and independent over time. The surveillance frequency is 30
months; therefore, drift error follows Equation 39 (Section 6.2.5 and reference 2.5.2).

D1 =  +0.1% of RO per year
= [(30/12) - (£ 0.1% RO)}"?
= [2.5.0.00011025 MW?"?
= 0.016601958 MW
D1 = 0.017 MW, rounded to level of significance
7.6.4.2 Recirculation Pump Motor Watt Transducer PPC I/OQ Module Drift Error (D2)

The vendor does not specify a drift error for the /0 module. Therefore, per Ref. 4.1.1 Section |, it is
considered to be included in the reference accuracy.

D2 = %0
7.6.4.3 Recirculation Pump Motor Watt Transducer Loop Drift (LDrwey_riow)

LDp = £[(D1)*+(D2)4"?
= =[(0.017)% + (04"
LDp = +0.017 MW

7.6.5 Recirculation Pump Motor Watt Transducer Process Measurement Accuracy (PMAp)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMA, = 0
7.6.6  Recirculation Pump Motor Watt Transducer Primary Element Accuracy (PEAp)
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No additionai PEM effects beyond the effects specified in the calculation of loop accuracy.
PEAs = O
7.6.7 Recirculation Pump Motor Watt Transducer Loop Calibration Accuracy (CAp)

Standard practice is to specify calibration uncertainty in calculations equal to the uncertainty
associated with the instruments under test.

Therefore,

CAr = =[(A1)2+ (A2
= +[(0.013)% + (0.05355)%)""2
= 2[0.000169 + 0.002867603]"%
= +[0.003036603]'
= +0.055105376

CAp = +0.055MW

7.6.8 Total Uncertainty Recirculation Pump Motor Watt Transducer Loop (TUp)
TUp = £[{LA®+(LD)? + (PMAY + (PEA)? + (CA)"™

= +[(0.055)? + (0.017)% + (0) + (0)® + (0.055)]'""
= #[0.003025+ 0.000289 + 0 + 0 + 0.003025]"2
= +[0.006339]"

= x0.079617837 MW
Converting to % motor power

TUp = +0.08 MW/574 MW

= +0.013937282
= +1.4%

7.7 DETERMINATION OF CTP UNCERTAINTY
7.7.1  Numerical Solutions for the Partial Derivative Terms
Solutions are found in two parts by first substituting values into Equations 20 through 27, as shown.

JCTP
= {hg (Pg ) = he (T;
S = (1a (Ps) = e (Tow )
= (hg (1043 psig) - he (430.8 °F)) Btu/lbm
{Reference Equation 20)
=(1191.1 ~ 409.71) Btulbm
= 781.39 Btu/ibm
s Lis = Wgy = 15,090,000 ibm/hr (Reference Equation 21)
dhg(Pg)
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TP W,y = -15,090,000 bm/hr (Reference Equation 22)
ohe (Tew )
_.Q.QIE__ =1 (Reference Equation 23)
dQcrp_our
__Q_(_:_‘[;P__ =1 {Reference Equation 24)
0 Qcap N
9CTP =1 (Reference Equation 25)
_Q_QIE_ =1 (Reference Equation 26)
9 Qrwey
9CTP =1 (Reference Equation 27)

7.7.2 Component Uncertainty Terms

The component uncertainty terms, u,, are found by substituting values intoc Equations 31, 33
through 37, as shown.

7.7.2.1 Feedwater Mass Flowrate Uncertainty

o, =48,288 bm/hr
Wew

(Section 7.1)
7.7.2.2 Steam Enthalpy Uncertainty

2 2
Op, (Ps.ly) = (.A_EA%%_)} * 0p? +(é.hz‘3r(.'9_).) * q,j (Reference Equation 31)
S o

The nominal steam dome pressure is evaluated at 1043 psig (Reference 4.8.8) with an uncertainty
of x 20 psig (Section 7.2). Steam table interpolation error is taken to be one-haif of the least
significant figure shown, i.e., £ 0.05 Btu/lbm.
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2 2
( hg(1063) — h,;(1023) ( Btu/{bm) « (20 psi)? +
\ 1063 — 1023 psi
[ (1190.3)+0.05] ~ [, (1191.9) ~ 0.05\*| Beu/ tbm *(0 osfﬁi)z
0.05- (~ 0.05) Bu " hr
hr

—

1190.3 - 1191.9 Y'( Bru /1bm * « (20 psi)t +
1063 — 1023 psi g

2

2 2
1191‘24191.1) Bru ! lbm *(0'05 Bm)
0.05 + 0.05 Btu hr

hr

- 2 2
1.60) (Btu/lbm) . (20ps52)+

40 psi
= 2
2 2
U 0.1\ Btu/lbm Btu
— * 0.05—
(&3] | ™ | [oosy)
hr
2 2
= Jo.m%m.oozs B
lbm Ibm
Btu
=0.80156 —
lbm
Btu

Oy (Ps.y) = 0.802 -—

7.7.2.3 Feedwater Enthalpy Uncertainty

, rounded to the inherent uncertainty of the steam table.

2 2 2
O (Tew Pew lo) = J(M) . gTa +[..A_’1F_@J " gpz +(A_hF_J .0'02 (Reference Equation 33)

AT AP Al

From Table 2-1, feedwater pressure is given as 1155 + 10 psig. From Table 2-1, feedwater
temperature is given as 430.8 = 0.57 °F. Enthalpy of water is from Attachment 6. Steam table
interpolation error is taken to be one-half of the least significant figure shown, i.e., + 0.005 Btu/lbm.
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- 37) - ) 2 2
( hp-(431.37) - he (430 23)} (Btu/lbm) « (0.57°FP +

431.37 - 430.23 F
2 2
he(1165) — h(1145) Btu/lbm) ,
Fhe (Tew Pew o) = ( a4 1165) ~ 1:45 ] ( i J (10psi)® +

2

[he (430.8)+0.005] - [ (430.8) - 0.005] \*| Btu/lbm | _ ( 0.005 Bt ]2
0.005 - (-~ 0.005) Btu 7 bm
Ibm

(410.33 — 409.08 2(Enu/mm)“’ 057 +
| 431.37 ~ 430.23 F '

2 2
409.71-409.70 | ( Btu/lbm A2
= * 10 psi)” +
( 1165 ~1145 ]( psi J (10 psi)

2

409.72 — 409.71)?| Btu/Ibm Btu
| 0.0056 —
0.005 + 0.005 Blu lom
lom

2

2
1.25Y2Btu/bmY?
; 14} ( = (0.57°F) +
0.01\2 (Btu/Ibm\’
= ( 2‘0 ) ( > * (10 psi)? +
] Y
2 2
0.01 Btu/lbm Btu
0.005 —x
(,0.01] Btu *( lbm)
Ibm

2

2 2 2
= ﬁsgosa sz +0.00002 B, 0.00002 B
lbm fbm Ibm?

= 0.62504000 ?IE
lbm

BTU
G (Tew Pew sl ) = 0.625 51
he L TFW ° Ibm | rounded to the inherent uncertainty of the steam table.

The accuracy of the temperature measurement determines the feedwater enthalpy uncertainty.
Variations in pressure and steam table interpolation are negligible.
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7.7.2.4 Control Rod Drive Outlet Energy Uncertainty

The control rod drive outlet energy uncertainty is dominated by the uncertainty of the mass flow
rate. The steam table interpolation error is negligible and is not used in the following computation.
CRD flow rate uncertainty, xcap, is 5.4 % of flow (Section 7.5.6).

The variation in h; is shown below.

(hf(loo.n ~ hf(99.3)’(3m /lbm )2 «(0.7°F )
)=

o (T 100.7-99.3 °F
o \tcrp »
+(hf(l458)~hf(1438) (Btu/lbm)*(mpﬂ.)z
1458 - 1438 °F

/ 2 2
(72.63)~(71.24) (Btu/lbm) « (0.7
\ 100.7-99.3 °F '

1 ((71.96)—(71.91)2(Btu/lbm] 2

"\ Ya58-1438 ) (10ps)

( (1.39 )2( Btu/Ibm )"’ O.TF

140 °F
(0.05}2 Btu/lbm] 100si e
h( 20 )\ F * (10psi)

= /0.483025B1u2 /lbm? +0.000676 Btu? /Ibrr

= /0.4837401Btu? /Ibm?
= 0.69549 Btu/lbm, rounded 0.70 Btw/lbm

Converting oy to % of hy
=+ 0.70 Btu/lom / 71.93 Btu/lbm
=+0.00973=0.97 %

The SRSS method is used to combine the flow rate and enthalpy uncertainty terms.

Xcrp out % = \/5_42 +0.97% = ,/30,1009 = 5.486429 % = 6 %, conservatively rounded up

T Qo our = Xcap_out % - Qorp_our (Reference Equation 34)
=6 % * hg(1043 psig) * wean
=6 % * 1191.1 Btw/Ibm * 105 gal/min * 60 min/hr * 62.265 Ibm/ft> / 7.48 gal/ft3
= 3,747,851.883 Btu/hr
= 3,748,000 Btu/hr, rounded to level of significance
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7.7.25

7.7.26

7.727

Control Rod Drive Inlet Energy Uncertainty

The control rod drive inlet energy uncertainty is dominated by the uncertainty of the mass flow rate.
CRD flow rate uncertainty, xcrp, is 6 %, which was conservatively rounded up from 5.5%, of flow
(Section 7.7.2.4). CRD normal operating temperature and pressure is 100 °F and 1448 psig
(Section 4.4.1).

chm N = XCRD_IN % « QCRD}N {Reference Equation 35)
=6 % * hy(100 °F at 1448 psig) * werp
=6 % * 71.93 Btu/lbm * 105 gal/min * 60 min/hr * 62.265 Ibm/ft® / 7.48 gal/ ft°

= 226,331.111 Btu/hr
= 226,000 Btu/hr, rounded to level of significance

Reactor Pressure Vessel Heat Loss Uncertainty

The determination of reactor heat loss was done in Reference 4.8.3 for both Unit 1 and Unit 2. The
Unit 1 heat loss was calculated to be 0.89 MWt. The Unit 2 heat loss was calculated to be 1.04
MW1. A conservative variance of 10 % of the heat loss rate is used to estimate the heat loss

uncertainty.
O0m = Xnao % + Qrap (Reference Equation 36)
=10 % * 0.89 MWt * 3,412,000 Btu/hr / MWt
= 303,668 Btuwhr

RWCU Heat Removal Uncertainty

The RWCU flow loop uncertainty is + 2.3 % of flow (Section 7.3.6). The RWCU temperature
measurement uncertainty is x 4.37 °F (Section 7.4.6). The variation in enthalpy over the range of
temperatures in this loop of about 0.5 % is negligible compared to the 2.3 % flow variation. RWCU
normal operating temperatures and pressures are 530 °F and 1060 psig (RWCU suction) and 438
°F and 1168 psig (RWCU discharge) (Reference 4.4.1). Temperature values of 530 °F (suction)
and 440 °F (discharge) are used to be more in line with actual measurements.

Xawcuy is set 2.3 % based on the flow loop uncertainty.

O Qpwey = Xawoy % - Qrweu (Reference Equation 37)
Remembering that Qrwey = Wawcu * (hr(Tredrc_in) — he(Tew)] (See Equation 9)

O Qawey =2.3 % Wawcy [N (Trecme_in) =i (Tew )]

lbm Ibm
w =154,000— (Pump A) and 133,000 — (PumpBandC
Rwcy b (FUmPA) b (FUmp ) (Section 2.2.1)

Maximum heat removal occurs with Pump A running , therefore, Waweu = 154,000 Ibm/hr.

Page 60 of 93



Exe'(l)n Reactor Core Thermal Power LE-0113
. Uncertainty Calculation Unit 1 Revision 0

hy (Taecme ) = 524.39 %n% (at 530 °F and 1060 psig)

hy(Tew) = 419.83 -E% (at 440 °F and 1168 psig)

lbm Btu
= 2.3%- 154,000 — - (524.39 - 419.83)— = 370,352 Btu/hr
Ty = 2-3% 154000 == ( 3)'bm

= 370,400 Btu/hr, rounded to level of significance

7.7.2.8 Recirculation Pump Heat Addition Uncertainty

The power of the recirculation pumps (We) is measured by a watt-meter with a calculated
uncertainty of 1.4 % (Section 7.6.8).

Xp =+1.4%

The uncertainty of the power measurement multiplied by the pump power, Qp, is the uncertainty of
the pump power, cogp. Qg is 37,145,000 Btu/hr (Section 7.6.1.1).

9Qr =1xp%.Qp (See Equation 38)
=+ 1.4% * 37,145,000 Btu/nr
=+ 520,030 Btu/hr

O = 520,000 Btu/hr, rounded to level of significance

7.8 TOTAL CTP UNCERTAINTY CALCULATION

Total CTP uncertainty, Ucrp, is calculated by using Equations 19, 20 through 27, 28, 31, 33, and 34
through 37.

{Reference Equation 19)

aCTP 2*(0 Bl [ acTP T"‘(" .
Wey|) Ng(Ps)|) "
atp |\ acre |\
[ et || ] b |

Mg (Tew

e et

e B ]
TN

et

aQCRDJN

Ugrp = [
T

( aCTP }Z(aomu?}rn

9Qpwey
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aCTP
OWrw

aCcTP
dhg(Ps)

dCTP

One (Tew

dCTP

9Qcap_out

JdCTP

9 Qcap_in

= (hg (Ps) -

Wew
)T
=1

=-1

aCTP _

3Qgap
JdCTP
9 Qawcu

JdCTP
aQe

=1
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(Reference Equation 20)

(Reference Equation 21)

(Reference Equation 22)

(Reference Equation 23)

(Reference Equation 24)

{Reference Equation 25)

(Reference Equation 26)

(Reference Equation 27)

Substituting the previously determined values for the variables shown gives:

Ucrp =

I-10F <

\

r[ {781 39-|-B—n-1-

Btu

226,000 —

=E

=i
IR

2] o P (s
o

(( -15,090,000‘-’2mD [
\ hr

Btu

[41{)2 (370 400 —

Ibm

Biu

0. 625Elll

15,000,000 .M

Btu

520,000 —

hr

I
)

D (0 802 Bu

2

Ib

3,748,000 —B—}—Li) }]+

h

Ucrp =

7
610,570

{

4

\
/

\

1*5.1076x1

Btu

lbm

2

ot .@.t_lf.
hr

1+1.3700x 10" BY_
hr

2.27710x10" ':m 2+0.3906 —
r

2

) s
)

2
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{

2 2
1.4237x10" BU |, 1.4646><1o“§1‘-‘- +
hr? hr?

2 2
(8.8940x10’35-t-‘-;- J+[1.4048x10'3§%1 )+

\ r hr
Ucrp = p R \
il 5.1080x10% B7 1 9 2210100 BT |,
\ hr? hr?
2 2
1.3700x10“§5‘;~ + 2.7040x1o“§1‘-’2—
hr hr

2
Uerp = J1.6740x10‘5 -Bl“E-
hr

- 40914572 BY
hr

Uere =40,910,000 Bu , rounded to level of significance
hr

Divide Ucye by 3,412,000 Btu/hr to convert units to megawatts thermal (MW1)

40,910,000 B
hr

Uctp = B

3,412,000 0L
MWt

ucre = 11.99138 MWt = 11,99 MWI, rounded
Divide Ucre by 3,458 Btu/hr to convert to percent of rated reactor thermal power.

Ucrp = w -100%
3,458 MWt
Ucre=0.347 %

The determination of total CTP uncertainty is sensitive to two measured parameters, feedwater mass
flowrate measurement uncertainty and feedwater temperature measurement uncertainty.
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8.0

CONCLUSIONS

The total uncertainty assaciated with reactor core thermal power calculation performed by the Plant
Process Computer is 0.347 % of rated reactor thermal power (20).

Measurement Uncertainty Recapture (MUR) is based on the Nuclear Regulatory Commission (NRC)
amended 10CFR50, Appendix K “Emergency Core Cooling System Evaluation Models” on June 1,
2000. The original regulation did not require the power measurement uncertainty be demonstrated,
but rather mandated a 2% margin. The new rule allows licensees to justify a smaller margin for
power measurement uncertainty based on the installed highly accurate feedwater flow measurement
instrumentation.

Therefore, the Core Thermal Power (CTP) uncertainty of 0.347% allows the original 2% margin to be
reduced to 1.653 % (2.0 % - 0.347 % = 1.653 %), which is conservatively rounded down to 1.65%.
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Attachment 1

Telecon URS and TemTex Accuracy of RTDs for TE-046-103

Shah, Pravin

From: ‘ Pehush, John

Sent: Friday, September 28, 2000 9:58 AM

To: Kimura, Stephen; Shah, Pravin

Co: COconnor, John; Low, Richard

Subject: CRD Drive Water Discharge Temperature
Pravin:

CRD Drive Water Discharge Temperature is measured by TE-046-103 (Unit 2 TE-046-203), which is supplied
by:

TemTex Temperature Systems, Inc.
700 E. Houston St.

Sherman, TX 75090
Phone: (903) 813-1500

Per telecom between John Pehush and TemTex application engineering on G9/24/09, the RTDs supplied to
Limerick Unit 1 are 100 ohm platinum, The model number 10457-8785 specified in PIMS is the TemTex
drawing number. The RTD was manufactured to the industry standard IEC-751, which means the accuracy is
+1- 0.12% (of resistance) at 0°C, commonly knows as Class B. Therefore the RTD wit provide an accuracy of
+ £ 0.3°C at 0°C (+/- 0.54°F at 32°F). The “Temperature Coefficient of Resistance” (TCR), a8 %0 called the
ALPHA, is the average increase in resistance per degree increase. The TCR of a platinum RTD is 0.00385

QQIC*.

The range of TE-046-103 is 0 to 200°F (-17.78 to 93.33°C). The overali accuracy is conservatively calculated
at 93.33°C (200‘!;}. which is +/- 0.359°C (+I- 0.65°F). Therefore, temperature accuracy of TE-046-103 used is
rounded to +/- 0.7°F.

John E. Pehush, P.E.

Washington Group URS

Supervising Discipline Engineer - 18&C
(609) 720-2274 w

{609) 216-1392 ¢

John.Pehush@wgint.com
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Attachment 2
TODI A1695446-80I1 - Steam Carryover Fraction Design Input (1 page)

EXELON TRANSMITTAL OF DESIGN INFORMATION

[(CJSAFETY-RELATED Originating Organization Tracking No:
DINON-SAFETY-RELATED (XExslon
[JREGULATORY RELATED | [JOther (specify) A1695446-80

Station/Unit(s)_Limerick Units 1 &2 Page 1 of 1

To: John Pehush
WGI - Mid Attantic

Subject: Transmittal of information.

Steve Dragovich O[gﬂ(‘ {QW 11/25)eq

Preparer Preparer's Signature Date
Chis Wiegand =y 12V
Approyer, . i 1 ] ate
(27 / S/
MUR Project Reviewer Déate

For Quality/Completeness

Status of Information: $JApproved for Use Cunverified

Description of Information:

The foliowing information was requested by URS Washington Division (WGI) for input to Limerick's core
thermal power (CTP) uncertainty calculations (units 1 & 2).

The steam carryover fraction that should be used as design input to the calculations is zero.

Purpose of Issuance and Limitations on Use: This information is being supplied solely for the use as design input
for the Limerick CTP uncertainty calculations (units | & 2).

Source Documents:
G.E. Document “Impact of Steam Carryover Fraction on Process Computer Heat Balance Calculations”,
September 2001.

Distribution:

Original: Limerick file

CC: Ray George, Electrical Design Manager, Limerick
John Pehush, 1&C Lead, WGI - Mid Atfantic
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Rosemount Nuclear Instruments customer letter to Grand Gulf (2 pages)

Rasemount Huclear instruments. in
Rosemount Nuclear Instruments Posemaunt Mucleat Insiruments. inc.
Edgn Prawe MK S5044 URA
ol 1 {612} 820-8257
Fi 8
4 Apri! Py an 1 1832} 828 8280

Ref: Grand Guif Nuclear Station message on INPO plant reports, subject Rosemount Instrument
Setpoint Methodology, dated March 9, 2000

Dear Customer:

This letter is intended to eliminate any confusion that may have arisen as a result of the reference
message from Grand Gulf. The message was concerned with statistical variation associated with
published performance variables and how the variation relates to the published specifications in
Rosemount Nuclear Instruments, Inc.(RNI1) pressure transmitter models 1152, 1153 Series B,
1152 Series D, 1154 and 1154 Series H. According to our understanding, the performance
variables of primary concern are those discussed in GE Instrument Setpoint Methodology
document NEDC 31336, namely

Refercnce Accuracy
Ambient Temperature Effect
Overpressure Effect

Static Pressure Effects
Pawer Supply Effect

@b

It is RNIUs understanding that GE and the NRC have accepted the methodology of using
transmitter testing to insure specifications are met as a basis for confirming specifications are
+36. The conclusions we draw regarding specifications being #30 are based on manufacturing
testing and screening, final assembly acceptance testing, periodic (e.g., every 3 months) audit
testing of transmitter samples and limited statistical analysis. Please note that all performance
specifications arc based on zero-based ranges uinder reference conditions. Finally, we wish to
make clear that no inferences are made with respect (o confidence levels associated with any
speeification.

I. Reference Accuracy .

AlL(100%) RNU transmiiters, including models 1 52, 1153 Series B, 1153 Series D, 1154
and 1154 Series H, are tested to verify accuracy 10 +0.25% of span at 0%, 20%, 40%, 60%,
80% and 100% of span. Therefore, the refercnce accuracy published in our specifications is
considered +3a.

2. Ambicnt Temperatare Effect

Al (100%) amplifier boards are tested for compliance with their temperature effect
specifications prior to final assembly. All sensor modules, with the exception of model 1154,
are temperature compensated to assure compliance with their temperature effect
specifications. All (100%) model 1154, modei 1154 Series H and model 1153 gage and
absolute pressure transmitters are tested following final assembly to verify compliance with
specification. Additionally, a review of audit test data performed on final assemblies of
model 1152 and madel 1153 transmitters not tested following final assembly indicate

FISHER-ROSEMOUNT
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conformance to specification. Therefore, the ambient temperature effect published in our
specifications is considered +30.

3. Overpressure Effect

Testing of this variable is done at the module stage. All (100%) range 3 through 8 sensor
modules are tested for compliance to specifications. We do not test range 9 or 10 modules
for overpressure for safety reasons. However, design similarity permits us (o conclude that
statements made for ranges 3 through 8 would also apply to ranges 9 and 10. Therefore, the
overpressure effect published in our specifications is considered +3g.

4. Static Pressare Effects

Al (100%) differential pressure sensor modules are tested for compliance with static pressure
zero ervors. Additionally, Madels 1153 and 1154 Ranges 3, 6,7 and 8 arc 100% tested aftey
{inal assembly for added assurance of specification compliance. Audit testing performed on
ranges 4 and 5 have shown compliance to the specification. Therefore, static pressure effects
published in our specifications are considered +3a.

5. Puwer Swpply Effcct
Testin for conformance to this specification is performed on all transmitters underyoing
sample (audit) esting. This variable has historically exhibited extremely small performance
errors and small standard deviation (essentially a mean error of zero with 4 standard deviation
typically less than 10% of the specification). All transinitters tested were found in

compliance with the specification. Thercfore, power supply effect published v our
specifications is considered +30.

Should you have any further questions, please contact Jerry Edwards at (612) 828-3951,

Sincerely,

Jerey L. Edwards
Munager, Sales, Marketing and Contracts
Rosemount Nuclear Instruments, [ne.

FISHER-RGSEMOUNT
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Attachment 4
Analogic Analog Input Card ANDS5500 (4 pages)

ANALODGIC, =

PEABODY, MA 01960

POTENTIOMETER INPUT CARD ANDS5500

LE-0113
Revision 0

f 2-15227 REV 01
| First Used On: ANDS5500
i} Code Ident: 1BMOQ File Name: 2-15227rev01.doc
REVISION HISTORY
REV DESCRIPTION DWN APVD DATE
01 SEEE.C.O K.Q RWA 08/25/83 |
Approvals for Release:
Richard Lane 2113/03
Qriginator Date
Richard Lane 3/31/03
Engineer Date
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ANDS5500
POTENTIOMETER INPUT CARD

SPECIFICATION
2-15227
RELATED DOCUMENTS:
Schematic D5-8814
Theory of Operation A2-5568

L GENERAL DESCRIPTION

The Potentiometer Card is a user card for the ANDS 5500 Data Acquisition
System. [t consists of a power supply and voltage reference, an output multiplexer and
four identical signal conditioning channels. There are two 44-pin edge-card connectors
{male) on the PC board, one is connected internally to the system and the other is for

user connection.

Each signal channel consists of an excitation output section and a signal input
section. The latter can be preset to accept a variety of valtage ranges and types via
jumpers. It provides a DC voltage to, and permits low frequency and DC measurement of
the signals from, appropriate external devices such as piezoelectric accelerometers.

I SPECIFICATIONS

1. GENERAL
Number of Channels: 4
Size and Shape: Approximately 7 4" x 4 2" x 4" {similar to
Analogic D4-7443)
Operating Temperature: 0 - 50 Degrees C.
Storage Temperature: -40 — 85 Degrees C.

Input & Output Connection: EDGECARD, gold plated

2. ELECTRICAL

a) Power Requirement: +5v (+/-5%) at 100mA
+15v (+/-5%) at 100mA
-15v (+/-5%) at 100mA
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Uneantrofled Document. Source Unknown

ANALOGIC - PEABODY, MA 01860 2-15227 REV 01
POTENTIOMETER INPUT CARD ANDS5500 Page 4 of 8

Code Ident: 1BMOO  File Name: 2-15227rev01.doc Printed:  April 4, 2003

b) Excitation Voltage Output {1 per channel)

Voltage Level: +5v and -5v
Voltage Accuracy: +/- 0.2% over operating temperature range
Qutput Current: 10mA max.
Output Impedance: < 0.1 ohm
Protection: Tolerate direct short circuit or short to
+/.30vde protected up to 250v by a
thermistor

¢) Signal Input (1 per channel)
Input Impedence: 10Meg ohm
Input Signal Ranges: +-By, +/-2.5v, +/-1.25v, +/-500mv,

+{-250mv, +/-125mv Jumper selected
(see Table 1) and fine adjustment by

trimpot
Primary Frequency Content: DC to 100Hz
Signal Source Resistance: 2800 ohm max.
Overall Accurancy: (includes +/- 0.5% over operating
excitation accurancy) temperature range
Protection: Input protected up to 250v continuous
Amplifier Upper Bandwidth: 10Hz, 45Hz and 100Mz (2-pole filter)
Jumper selected (see Table 2)
Input Coupling Jumper selected for either, AC OR DC.
Lower AC bandwidth is 0.5Hz
(see Table 2).

INPUT RANGE (F.S) GAIN JUMPER 2 JUMPER 3
+/- Sv 2 6to7 9to 10
+- 2.5v 4 5t07 Sto 10
+{- 1.5v 8 4t06 9t0 10
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Uncontrofled Document. Source Unknown

| ANALOGIC - PEABODY, MA 01980 o 245221 REVO1
POTENTIOMETER INPUT CARD ANDS5500 Page 50f 9

+/- 500mv 20 6to7 8t09

+i- 250myv 40 5t07 8to 9

+/- 125mv 80 4t06 8to 9
TABLE 1.

INPUT RANGE (CHANNEL GAIN) VS. JUMPER POSITION

BANDWIDTH JUMPER 1 JUMPER 4 JUMPER S
DC to 10Hz 2t03 12t0 13 18 to 17
DC to 45Hz 2t03 13 to 14 11to 12
DC to 100Hz 2t03 17t0 18 1510 18
0.5t0 10Hz 1102 12t0 13 16t0 17
0.5to 45Hz 1to2 13to 14 11to0 12
0.5t0 100Hz 1to2 17t0 18 15t0 16
TABLE 2.

CHANNEL BANDWIDTH VS. JUMPER POSITION
d) Analog Signal Output to Bus
Analog Output Signal: Ch.1,Ch.2, Ch.3, Ch.4 or

Hiz (high impedance state),
digitally selected

Qutput Offset: +/- Smv over operating temperature
Range, adjustable to zero by trimpot
Full Scale Output Range: +/~ 10v (+/-0.5%) with fult scale input
Maximum Output
Voltage in Hiz state: +/- 15v
e) Digital Signal Input From Bus: Channel select (see Table 3)
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NIST Saturated Properties of Water
Thermodynamic Properties of Water®

Saturated Properties - Pressure
Pressure | Temperature Enthalpy Density Enthalpy | Density
(psig)’ (F) (v, Btwibm) | (v, bm/#t}) | (. Btuibm) | (I, Ibm/ft)
1023.0 549.16 1181.9 2.337 §48.77 46.008
1032.7 550.3 1191.6 2.361 550.23 45.934
1033.0 550.3 1191.% 2.362 550.27 45,931

10335 550.4 1181.5 2.364 550.35 45927 |

1034.4 550.8 1191.5 _2.366 £50.48 45,921
1035.3 550.6 1191.5 2368 £50.61 45914
1036.0 550.7 1191.4 2.370 550.72 45.909
1036.1 550.7 1191.4 2.370 550.74 45.808
1037.0 550.8 1191.4 2.372 550.87 45,901
1037.8 550.9 1191.4 2.374 551.00 45.895
1038.0 550.9 1191.3 2375 551.02 45.893
1038.7 551.0 1191.3 2.377 551.12 45,888
1039.5 551.1 1191.3 2.379 551.25 45,882
1040.4 §51.2 1191.2 2.381 551.38 45.875
1041.3 561.3 1191.2 2.383 551.51 45.869
1042.1 551.4 1191.2 2.385 551.64 45.862
1043.0 551.5 1191.1 2.387 551.77 45,856
1043.8 551.6 1191 .1 2.380 551.89 45,849
1044.7 551.7 1181.1 2.392 552.02 45.842
1045.6 551.8 1191.0 2.394 652.15 45.836
1046.4 551.9 1191.0 2.396 552.28 45.829
1047.3 552.0 1191.0 2.398 552.41 45.823
1048.0 552.1 1190.9 2.400 552.52 45.817
1048.1 552.1 11909 2.401 552.54 45.816
1048.0 552.2 1190.9 2.403 5§52.67 45.810
1049.9 552.3 1190.9 2.405 552.80 45.803
1050.0 552.3 1190.9 2405 552.81 45.802
1052.5 552.60 1190.8 2412 553.18 45,783
1053.0 552.66 1180.7 2413 5§53.26 45.779
1083.3 5§52.70 1190.7 2.414 563.31 45,777
1063.0 553.81 1190.3 2.439 554.74 45.704

“Lemmon, E.W., McLinden, M.O., and Friend, D.G., “Thermophysical Properties of Fluid Systems",
NIST Chemistry WebBook, NIST Standard Reference Database Number 69, Eds. P.J. Linstrom and

W.G. Mallard, National Institute of Standards and Technology, Gaithersburg MD, 20889,
http /iwebbook.nist.gav, (retrieved September 30, 2009)

Tpsig = psia - 14.696, rounded.
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Attachment 6
NIST Isobaric and Isothermal Properties of Water

Thermodynamic Properties of Water*
Isobaric Properties
Temperatue | Pressure’ | Enthaipy Density Volume
{F} (psig) (Biufbm) | (Ibm/ft3) (f3fbm) | Phase |
Feedwater In
428.8 1155.0 #07.52 52729 | 0018965 | fiqud
4298 1156.0 408,61 52885 | 0.018981 liquid |
4302 11550 | 40905 | 52667 | 0018987 | liquid |
130.23 1169.7 408,08 52666 | 0018988 | fiquid
430.8 1155.0 409.71 52640 0.016997 iquid
431.37 1188.7 410,33 52.615 0.019006 iquid
431.4 1155.0 410.38 52.613 0.019007 liguid
431.8 11550 410.80 52 595 0.018013 liguid
4328 11550 411.90 52551 | 0.019029 | liquid
RWCU Suction
5268 10600 | 518,94 47612 | 0021003 | liqud |
530.0 1060.0 524 .39 47.333 0.021127 liquid
534.4 1080.0 526.88 47.048 0.021256 liquid
RWCU Discharge
438.0 1168.0 41762 5232 0.019113 liquid
4400 1168.0 41983 52229 0.018147 liguid
4420 1168.0 422.04 52137 0.01918 liquid
Recirculation
532.0 1280.0 526.57 47.352 0.021119 liquid
$33.0 1280.0 527.81 47.288 0.021147 liquid
534.0 1280.0 529.08 47.223 0021176 liquid
535.0 12800 §30.30 47.159 0.021205 liquid
536.0 12800 531,55 47.094 0.021234 liquid
CRD
98.3 1448.0 71.24 62274 0.016058 liguid
100.0 14480 71.93 62,265 0.016060 liguid
100.7 1448.0 72.63 62.256 0.016063 liquid
isothermal Properties
Feedwater I
430.8 11450 408.70 52.636 0.018998 liquid
430.8 11550 408.71 52 640 0.018997 liquid
430.8 1165.0 400.71 52.644 0.0189%6 liquid
RWCU Suction
530.0 1050.0 524.40 47.328 0.021130 liquid
5300 1060.0 524,39 47333 | 0021127 | liquid
530.0 1070.0 524,37 47.339 0.021124 figuid
RWCU Discharge
440.0 1158.0 419.82 52.225 0.019148 fiquid
440.0 1168.0 419.83 52,229 0.019147 liquid
440.0 1178.0 419.83 52233 0.019145 ligurd
Recirculation
534.0 1270.0 528.07 47217 0021179 liquid
534.0 1280.0 52906 47.223 0.021376 liguid
5340 1290.0 529.04 47.230 0.021173 liquid
CRD
100.0 1438.0 71.91 62,2683 0.016061 Hiquid
100.0 1448.0 71.93 62.265 0.0168060 fiquid
100.0 1458.0 7196 62 267 0.016060 liquid
“Lemmon, EW., McLinden, M.O., and Friend, D.G., “Thermophysical Properties of Fiid Systems*,
NIST Cheristry WebBeok, NIST Stendard Reference Database Number 69, Eds. P.J. Linstrom and
W.G. Materd, National Institite of Standards snd Technology, Gaithersburg MD, 20899,
nitp:#webbook.nist.gov, (retriaved Septernber 30, 2009)

'psig = psia - 14 636, rounded.
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Attachment 7
CTP Calculation Results Sensitivity Analysis

The sensitivity of the calculation of core thermal power to variations in the energy terms is determined using
estimated values for the energy out, energy in, and CTP.

Table A7-1 shows the results frorn Cases 1, 2 and 3. For this analysis, the error rate assumed for Qg is set
equal to a predicted error for the measurement of feedwater flow.

In Case 1 and Case 2, the Qg error is kept the same; even though, the errors for the Qpap, Qaweu, Qp, and
Qcrp terms are varied from 1 % to 19 % (29 % for Q). Case 1 and Case 2 show that CTP is relatively
insensitive to the accuracy of the Qrap, Qrweu, Qp, and Ccrp terms, when the CTP error is rounded to level
of significance.

Case 3 varied the error rate assumed for Qg. A step change in the mass flow error rate of 0.01 % (from 0.31
% 10 0.32 %) was found necessary to change the CTP error by 0.02 % (a change of 1 MW from 17 MWt to
18 MWt and 0.500 % to 0.520 %).

The step change error rate was calculated to determine how fine the parameters used to calculate Qg and
Qew need to be to effect the results. Parameter changes that would result in changes in the parameter's
overall error rate less than 0.02 % were found to be negligible. Small variations in the flow measurement
uncertainty were found to affect the CTP uncertainty.

For example, CTP is the difference between the energy leaving the reactor and the energy put into the
reactor from other sources outside of the core. The anthalpy of saturated water varies with changes in
pressure. For every 1 % change in pressure, the enthalpy of saturated water vapor (and by inference the
energy of the flow) between 800 and 1,300 psig will vary by an average of 0.03 %. This change in enthalpy
is less than the 0.04 % found necessary to cause a significant change in the CTP error rate. Thus, CTP can
be said to be tolerant of the steam dome pressure measurement error specified the pressure measurement
loop is shown to be accurate to about ~10 psig, which is approximately 1 % of the maximum allowable steam

dome pressure.
Table A7-1. CTP Calculation Sensitivity Analysis

Sensilivity Analysis
Case 1 Casa3
Predicted

Assumed  error as

Case 2
Predicted
Assumed erroras

Predicted

Energyin  Assumed erroras

percent of erorrale Percentof sernorrate Percemof  error rate Parcent of
cTP Case 1 cTP Case 2 CTP Case 3 CTP
Energy Owt
Qs 18,030,078,635 Btuhr 152.70% 031%  0.473% 031% 0473% 0.32% 0.489%
Qras 3,754,300 Btubr 0.03% 1% 0.0003% 10%  0.003% 1%  0.000%
Qcu 16,407,160 Bluhr 0.14% 1% 0.0014% 10% 0.014% 1% 0.001%
Qout 18,050,240,095 Btuhr 152.87%
Energy In
Qrw 6,201,235,621 Btumr 52.52% 031% 0.163% 031% 0.163% 0.3% 0.168%
Qp 37,146,642 Btuhr 0.31% 1% 0.0031% 10% 0.031% 1%  0.003%
Qcdd 4,578,000 Btumr 0.04% 1% 0.0004% 10%  0.004% 1% 0.000%
Qin 6,242,960,263 Btuhr 52.87%
CTP

Qcre 11,807,279,832 Btuhr SRSS all error terms'  .500% 0.500% 0.520%

SRSS only Qs and Qfw error terms’  0.500% 0.500% 0.520%
tError rounded 1o 3 significant figures

Convert to MW
Biuhr per W 3.412
Biwhr per MW 3,412,000
In MWt

Qout 5,230 Mwt Relative errors MW
Qin 1,830 MWt Case 1 Case 2 Case 3
cTP 3,461 MWt +17.31 MWt +17.31 MWt + 18.00 Mwi

*Error rounded to 2 significant figures
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Attachment 8
Derivation of the relationship between flow, AP, and density

A8-1 Basic Flow Equation

Given that the basic flow equation (Reference A8.3-1) applicable to orifice plates, flow nozzies,
and venturis is

Q=C-yp 4P , where C is a constant (Equation A8-1).
Then the relationship between flow (Q) and differential pressure {(AP) and density (o) can be
derived.

A8-1.1, Relationship between Q, AP and

For constant density, the flow can be shown to vary with the square root of AP such that,

e i}

(Equation A8-2)
if the variation around some nominal flow, Qg, is equal to some known uncertainty, oy, then
Qy=Q,"(1-0y)and Q, =Q, *(1+0y) (Equation A8-3)

Similarly, if the variation around some nominal differential pressure, AP,, is equal to some
unknown AP uncertainty, o,, then

APy =Py *(1~oy)and AP, =P, *(1+0y) (Equation A8-4a)

For constant AP, if the variation around some nominal density, py, is equal to some unknown o
uncertainty, o,, then

P1 =Py "(1-0y)and py =p, *(1+0y) (Equation A8-4b)
These values can be substituted into Equation A8-2 and the equations manipulated to solve for o,.

Qo"(1—a,) Py, *1-0,

Qo *(+0y) VP '(”O'x),AP (Equation A8-5a)

Q, *(1"0'1).: Po "1-0oy

Q, *(1+ay) Ypo*(1+0,) , for p (Equation A8-5b)
Crossing out like terms from the numerator and denominator, rearranging, and squaring both sides
yields

gﬁ—m)r _-9)

i+oy)]  (+0y) (Equation A8-6)

Equation A8-6 can be simplified by defining a new function of o4:
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1-o
Y(oy) = %1 1;
+ 0 (Equation A8-7)

Substituting Y(o) into Equation AB-6 and rearranging, gives

Y(O' )2 = (1‘6x)
Y " l+o,) (Equation A8-8)

(1+0'x)’y(0'1)2 =(1"‘7x)

(Y(o,)? + Y(o, - )= (1-a,)

Solving for o, gives the relationship between the uncertainty o,, for either AP or p, and the known
uncertainty of flow, ;.

- Y(o, )2)
o, 1+ ¥(o )= - ¥(o, )
- Y(o)?
{1+ Y(a,)? (Equation A8-9)

Table A8-1 shows the relationship between the uncertainties in pressure or density, o,, and the
uncertainty in flow, 64, to be essentially linear with a constant of proportionality equal to 2, see A8-
1.2, provided o, is small, which is taken to be less than or equal to 15 %.

o, +Y(0,)? o, = (1

Thus for small flow uncertainties, small gy, Equation A8-9 can be simplified as a linear function
flay), Equation A8-10, which says the uncertainty in differential pressure or the uncertainty in
density is approximately equal to 2 times the flow uncertainty. The inverse is also true; given a
differential pressure or density uncertainty, the uncertainty of the flow is one-half the differential
pressure or density uncertainty.

Gy =N - Gy, (Equation A8-10)
A8-1.2. The Limit of n

The limit of the constant of proportionality, n, in Equation A8-10 as o, approaches zero is found to
confirm that n can be considered as a constant within the range of o, less than 15 % to 0.

(1‘\((‘3'1)2}

1+ Y(o, P _ 2
um(n)mUmo(:f_x]:Um IR0 BT (Y
a0 -0 0y Oy3 T4 o O’11+Y(0'1)

Recalling Y{o,) and expanding Y(m)z in terms of o

1- 1""20', +a'12

1-Y(e, ) | Lim 1420, + 0, ~
oili+ Yo, F)) @ 1-20, + 0,2
oy 1+ 3
1+ 20, + o,

Lim
oy —0|

Page 78 of 93



Exelc)n Reactor Core Thermal Power LE-0113
F He Uncertainty Calculation Unit 1 Revision 0

UTQ( (_1+2cr1+a,2 )—(1—20’,+cr,2) - Lim| 29 ]n
ay ,a',[(1 +20, + 0, )+ (1 -20,+0, )] -9 g, ‘2 +20,° )
Lim| —2— }

” (2 +20, ) , which after substituting 0 for 6, gives

Lim(n)=2

oy =0

AB-1.3. References

1. ASME PTC 19.5-2004, Flow Measurement, Performance Test Code, ASME International

Table A8-1.
Relationship between &,, Y{01), 6, and n

7y Y(U't)z(‘:“a‘) a‘:%__”(o‘,)z “ﬂf(a'x)"gj“
+07) 1z«t~Y(0‘1)2 41

0.0000001 % 99.9999998 % 2.0e-09 2.0000000585
0.001 % 99.998 % 2.0e-05 1.9999999998
0.4% 99.2 % 0.008 2.0000000004
5.0 % 90.5 % 0.100 1.895
10.0 % 81.8 % 0.198 1.980
15.0 % 73.9 % 0.293 1.956
20.0 % 66.7 % 0.385 1.923
25.0 % 60.0 % 0.471 1.882
30.0 % 53.8 % 0.550 1.835
35.0 % 48.1 % 0.624 1.782
40.0 % 42.9 % 0.690 1.724
45.0 % 37.9% 0.748 1.663
50.0 % 33.3% 0.800 1.600
55.0 % 29.0% 0.845 1.536
60.0 % 25.0% 0.882 1.471
65.0 % 212 % 0.914 1.406
70.0 % 17.6 % 0.940 1.342
75.0 % 14.3 % 0.960 1.280
80.0 % 11.1% 0.976 1.220
85.0 % 8.1% 0.987 1.161
90.0 % 53% 0.994 1.105
95.0 % 26% 0.999 1.051
100.0 % 0.0% 1.000 1.000
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Attachment 9

Ametek Scientific Columbus Exceltronic AC Watt Transducer Specification (4 pages)

Exceltronic wate and var transducers
provide utility and industrial users with a
high degree of accuracy for applications
requiring precise measurernents. These
transducers provide ade-ourputsignal
proportional to input watts or vars. All
models are available wich a wide range of
inputand vutput options.

Features Applications
¢ Accuracy to 0.2% of reading ¢ Substation monitoring + 0to+1 mAde
+ Exceptional reliability ¢ SCADA ¢ 1-5 or 1-3-5 mAdc
¢ Excellent long-term stability ¢ Energy-management ¢ 4-20 or 4-12-20 mAdc
* Self- or externally powered systems ¢ 10-50 or 10-30-50 mAdc

# Distribution monitoring
¢ Process control

¢ No zero adjustment required

4 Most popular models are
UL Recognized

_ Also available in XLP madular, plug-in format for limited-
. "§ spacs applications requiring large numbers of transducers.
; ¢ Two, four, or eight modules in dng endo#um S

¢ Easy to install, expand, or repair

¢ Convenient front-panel access for calibration and output-
current jacks available - :

Fraen

See pages 77-94 for more information.

A

e T L e v
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Reactor Core Thermal Power
Uncertainty Calculation Unit 1

EXCELTRONIC AC WATT Off VAR TRANSDUCERS

i 1
- Specificstions @ to 31 mAde Watts P-Option* Watts 0 ta +1 mAde Vars P-Option* Vars
’ : {Watt Transducer) {Want Transducer) (Var Transducer] | {Var Transducer)
Curvent - {Nominal 54
Input . i 0-10A
: Ovariosd Contnuous 0A
Dvartoad | SecondM BOA
. Burden/Elamant 0.2 VA {maximuem} at 5 A
Yoltage [Nominsl 120V
foput - [Bange®” 0156 V
Ovarioad Lentinuny 200V
i Burden/Element 0.035 VA (maximum) 3¢ 120V
Extarsal {frput Range 85135 Vae 100-130 Ve 85-135 Vac 108-136 Ysc
Fraquency Rangs S0-800 He 50500 Hz 50500 He £0-500 He
Powsr  [Burden 3¥A Homingl 5 VA Nominal 3VA Nominsl 6 VA Nominal
Bated Guipst 80w £t mide for §, 43, or 50 mAde for t mAde tor 5,28, of 50 mAde for
00 Wates or Vars/Eloment Standard Calibration $td. Caliwation, depsnding on Standerd Calibration 3td. Catibration, depending on
e SR seleczed output rsnge® selacted output range®
Accuracy. £402% Reading + 0.0% ROY | 110.2% Deading + 0.05% RO} | £(0.2% Reading + 0.42% RO} | £10.3% Reading « 0.05% RO}
a1 0-200% R 0-120% RO 8t (-200% RO st 0-120% RO
Toespararire Eoct on Accusipy AB05%/°C 19.0075% /© € +0.009% /% C +0.012%7°C
Upscating Tempsraturs Sanils 20 Cro M0 T F AL -20°C 10 +60°C WP Cro+50 L
Carspitance Voltags 10 Vds Ses ?!hk 20n page 40, 10 vde See Table 2 on page 40,
toad ' G-10,600 £2 $-10,000 <1
Hutput Ripple Paak <0.5% R0 K 0.25% RO <0.5% RO <0.25% RO
fisspanse Tioa < 450 ms 1o 88% < t@pcond to 39% « 400 rmy 10 35% < 1 Sucond 10 49%
Power Facter Any
PF Eftect on Accerscy £0.1% VA {maximug) £6.15% VA (maximum)
Standnrd Calibration | Gain +2% of Reading (minimum} | £20% 5 Span (minimum] | £2% of Reading (minimum} | £20% of Span {minirum}
Adjuatmants . Zaro Kona Raguired £5% of 2ero Point (minkmum) Nana Required 15% of Zare Peint {minimum)
Frequancy Reage 58-42 H2 B8 Mz
Stabitity (paryanr). 20.1% 80, 0.15% of Span, +8.2% RO, 20.24% of Span,
' Honeunplative " iative N latve N lath
Operating Humidity 0-95% Noncondensing
isalation | Complete {Input/OutpuyPowar/Case]
Dielectric Witkstaed 7 2500 VAMS*** 8160 Hz
Sutgs Withstand i ANSUIEEE €37.90.1
Maximum Not Weight 3ibs., Sox (15%g) ! 4bs, 8oz (2kg) 3ibe, Sor 11.9 kg) 4ibs., 8oz {2 ko)
Approximate Bimeastons SEWRITD2ATH FWXITDx56°H S WIS OxATH TOWXIrDx56H
{excluding monnting plate) {112 mmx 99 mm x 119 mm} | (18 mmx 34 mm x M2 mum) | (112 imm x 99 men x 119 mm} | (178 mim x 94 mo x 142 mm)
. Styla H Casd, see page 122 te | Case, sea page 122 | Styla it Case, see page 122 | Sryle ) Case, see page 122
Uvertags with Linearity |} 500-1000 Watts/Element | J500-600 Wanis/Elament 500- 1000 Vars/E{smant 500-500 Vars/Element
: R \ Ho 3ddc'ziom]mof within voliage compliance. Reduce ioad resistance as required.

¢ P-Opuca includes 1-51-3-8, 420041520, and 1950/ 10-30-50 madf outputs,
¢ Total input nat to cxceod 200% of standdld ¢ afibyatinn watls or var

Total input net 10 oxceed 120% of stands:
***Dieteciric lavels as indicared for UL Hecoyi

wits with 0 (o £1 mAde output.

-glibeation walts o7 vaid on uatts with P-Option oulgats.
4 madels; levels mgh vary a0 son UL Recagnized madels.

Spocifications subject 10 chango without notice,

LE-0113
Revision 0
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Exelon.

Reactor Core Thermal Power
Uncertainty Calculation Unit 1

Ordering Procedure
Exceltronic ACWatt or
Var Transducers

LE-0113
Revision 0

Elemeat Mudei Na,
1
\ 17
2 XL31K5

ORDERING PROCEDURE
Specify by tase madel number and appropriata selection ur option suffixes in the order shown in tha following example.
Auxillary Current  Voltsge -RS/Freq.  Optien Option External
Base Modat No. Output Power tnput Input  Option #1 [y [ fusx, Power
‘ Table 1 Table 2 Tahle 3 Tabied  Tabled TableS Table§ Tableé Teble3 ]
Oto £ mAde
output >

If A2 is selected, leave this space blank; specify
ext. aux. power voltage at end of model no.

EXAMPLES:  XL342K8A2-5-1-RS-SM-SC
3-slemant, 0 to 21 mAdc Watt Transducer; 120 Vac extarnal auxillary powsr; 10 A input; 240 V input; resistor scafing

fconverts cusrant output 1 voltage output); selsmic brace; special calibration {example: 7200 W1

XL34ZK5PANTAL-5-1-R3-5M-SC
3-alement, 4-20 mAdc Watt Transducer; intarnal auxifiary powsr; 10 A input; 240 V input; resistor scaling {converts current

|
- e

Specify

input
valua

If other than 120 Vac
{std.), specify ext.
aux. power vollage:

69Vac Aux,

240 Vac Aux.,

277 Vac Aux.,
or 480 Vac Aux.

autpit 10 voitage output); ic brace; spacial calibration (axamply: 7200 W),
Tshle 1 Base Madel Number Sefection
Watt Var Calibration st Rated Output
Cannection
XL5C8 XLVSCS Single Phase 500 W or Vars * Yz and Dvr-element units
XL5C5112 XLVECS112 3 Phass, 3 Wire 1000 W or Vars * aquite a balanced voitage.

XLV31K5 3 Phase, 3 Wire 1000 W or Vars

2 XL31K5212 XLV31K52s% 3 Phase, 4 Wirs 1500 W or Vars

3 XL342KS XLV342KS 3 Phase, 4 Wire 1500 W or Vars

Table 2 Output Selectien
Compliance Voitage/ Maximum Open

PANS -5 mAde 15 Vdc/3000 ©2 30 Vde
oy j:r‘:“::"‘mm“ PAN? 428 mAde 15 Vde/758 62 30Vie
by the Basz Model PANS 10-50 mAde 15 Vde/300 (2 30 Vde
Numbers. Fer outputs PANG-B 1-3-5 mAdc 15 Vde/3000 €2 30 Vde
other than 0 ta 1 mAdc, PAN?-B 4-12-20 mAde 15 Vde/750 (2 30 Vdz
indicate the appropriste PANS-B 16-30-50 mAdc 15 Vdc/300 $2 30 Vde
;fgﬁ":;:’;f:;‘:: PAB 1-5 mAde 40 Vdio/8000 52 70 vde
modal numbsr, ) PA? 4-70 mAdc 40 Vdc/200041 10 Vde
y PAS 10-50 mAde 30 Vde/600£2 70 Vdc
PAS-B 1-3-5 mAde 40 Vde/8000 2 70 Vdc
PA2-B 4-12-20 mAde 40 vde/2000 (1 70 Vde
PAS-8 10-30-50 mAdc 30 Vde /600 (2 MW Vde

44
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Reactor Core Thermal Power
Uncertainty Calculation Unit 1

Ordering Procedure
Exceltronic AC Watt or
Var Transducers

Table 3 Auxiliary Power Supply Selection

\ Option Description {nput Range Fraguency Range Burden

Ot 1 mAde Units)

A2 External Auxilinry Power (120 Vac std.]  85-135 Vac 50-500 Hy IVA
Ad Internal Auxifiary Power {self-powered)  70-112% of Neminal Aux. Power Voltage Equals input Frequency 3 VA
(P-Option Usies}
A2** {lunve biank)  External Auxilisry Power {128 Vac std.)  100-130 Vac 50-580 Hz BVYA
A4 Internal Auxiligry Powar {self-powared} B84-108% of Nominal Aux. Power Voltage Equals Input Fraquency 6 VA

Fmm-mmmm«mmmv-c.smwhmhmm.-m“mcm-um-u (Exsenple; 248 Vac Ax) ]

[ DC external auxilisry power availsbls; see Special Options on page 128, |

Table d Input Selection

Curvent Voltage
Current Range  Calibration st Rated Outpat Voltage Rangs  Calibrution at Reted Output

Nominsl  wi Accuracy (5 A Momiaal lngat) nmm Mominai  w/Aceuracy {120 ¥ Nominal inpet)
-3 VA 0-2A 100 W or Vars/Elament 9V 075V 250 W ar Vers/Element
-4 5A 0-5A 250 W or Vars/Element Std.”' 120v o150V 580 W or Vars/Element
Std. " SA 0-10A 508 W or Vars/Element -1 240V 0-300V 1000 W or Vars/Element
-1 15A 0-15A 750 W or Vars/Elemeant -9 27V 0-340V 1200 W or Vars/Element
-5 1WA 0-20 A 1000 W or Vars/Element -2 a0V 0-600 V 2000 W or Vars/Elsmant -7
15A 0-20 A1500 W or Vars/Elsment
-g*rr 5A 0-30A 2500 W or VarsjElement | % Loave "Inpot” pasitions blaak is the medel nurmber. |

Table§ Scaliag Resistor (-RS)Frequency Options

i

se++ Option -8 requires a Style [ aaze. (Ses pags 122 for case dimansions.
Maximwes hoight of terarinal strip(s) ts 1.07" for units with -B option.)

-RS§t

-8

-12
-6-RS1
-12-R$t

Scaling Rasistor

400 Hz

50 Hz {not UL Racagnizad)
400 Hy and Scaling Reslstor
50 Hz and Scaling Resistor

Table 6 Other Options

T You teust spacify the dusirad output voliegs:
Eve 0 i 1 mAdc units, specify range from 0 to £10 Vdo. Lomd
impadanes Is 1 MO de (minimam).
For P-Option gmity. specity range from 815 Vdc (PAN modsls) or
$-43 Vec (FA modeis). Load impedance s 200, 58, or 20 {(kQNdz)
{minkmesn} ter units with outputs of 5. 20, or 58 mAdc, rospectively.
This information is aot part of the model namber, but must be
pravided to the factory when you placs your order,

Option
-20
-1
-
.cE

-8Ctt
-SM

Dssceiotion

50-200% Calibration Adjustment {current outputs)

50-200% Calibration Adjustmant {voltage outputs)
{available only with 0 to +1 mAdc units)

24 Vde Loop-Powered {PA7 and PAT-B models only)
{consuit factory for specifications)

Anatog Output Shorting Relay
{available only with § to £1 mAdc units)

Spacial Calibration

Seismic Brace {available with 0 to £1 mAdc units)
{consult factory if you desire this option with
a P-Option unit)

Zero-Based Output Calibration {ex.. PA?-2 = 0-20 mAdc)
{avaifable only with P-Option units, excapt PAN-8
madels}

1 You raust specily ths desired input value:
Qin 11 mAde units can be calibraied within 30-129% of theiz stasdard-
caliheatian [nput walts or vars, (Exsmple: A 2-sloment watt tans-
ducer s calibrated 16 1000 W standard. The -SC oplion can be
wdded for input levals fram 900 W {90%] te 1500 W (190%).) P-Option
units can by calibruted withio 50-100% of sheir standard-calibestion
inpat watts os vars,

This infewnation is not pact of the modol aumber, but must bs provided
ta the factory when you placs your order.

H you require addisionnl aptions not shown here, séw Special
Options wn page 128, When ordering any special options, or
moce then theee eptions, you must first coasult the hemy for
pricing snd delivery sstinates. ,

AMETEK® Powor Instruments 256 North Union Street  Rochester, New York 14605 Phone: 1-800-274-5368  Fax: 585-454- 7906
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Attachment 10
B32-C-001-J-023, Rev. 1, Recirculation Pump Curve (1 pages)
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Attachment 11

Rosemount Inc., Instruction Manual 4259, Model 1151 Alphaline® VAP Flow Transmitter, 1977 (PAGES 1,
6, 14, 24, AND 29)

INSTRUCTION MANUAL 4259

; MODEL 1151DP
ALPHALINE®
AP
FLOW TRANSMITTER

CAUTION:

READ BEFORE ATTEMPTING
INSTALLATION OR MAINTENANCE
TO AVOID POSSIBLE
WARRANTY INVALIDATION

CONTENTS
@ INSTALLATION Page 1
Calibrat:on Page 3
Span Correction tor High Line Pressures  Page 4
OPERATION Page 5
Specifications 11510P Square Root Paga 7
MAINTENANCE Page &
PARTS LIST/DRAWINGS Page 11
Design Specifications Page 11
Partg List Page 14
Orawings and Schematics Page 15

COPYRIGHT ROSEAMOUNT 1N, 1074, 1975, 1976

ALFHALINE' AND “8-CELL’ are Rosemount Trademarks

Protacted by onw or moce of Ine lollowing U.5 Patarts:
Mo 3,271.669; 3,.318,153; 1.648,360; 3.696,335, 3.797,88%
3,800.413: 3 854,089, 3,185,028; auf 3.859.384.
Canada Patenisd 1968, 1974 Patenio Mevicans Wo. 118832
Qirer 47 8. acd Foreign Fotorts susssed 43¢ gosginy

RGS@HlOllnt Inc.

POST OFFICE BOX 35129 MINNEAPOLIS, MINNESOTA 55435

PHONE: (612)941-5560 TWX: 910-576-3103 TELEX: 290183 CABLE: ROSEMOUNT QE;
Revised 11577
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Exelon.

Specifications - 11510P VAP Flow Transmitter

Functional Specifications
Service

Liquid. gas or vapor

Ranges

0-5/30 inchas H,O
0-25/150 inches H,0
0-125/750 inches H O

Qutputs
4-20 mADC, square root of input
Power Supply

External power supply reguired, Up to 45
vDC. Transmitter operates on 12 VDC
with no toad

Load Limitations
Sae Figwe 7.
Indication

Optional meter with 1-3/4” linear acale,
0-100%. indication accuracy is 2% of
span,

Hazardous Locations

Explosion proof: Approved by Factory
Mutuat for Class |, Division 1, Groups B*,
C and O; Class i, Division 1. Groups E, F
and (3 and Class {1}, QOivision 1,
Certitication by Canadian Standards
Association (CSA) for Class ), Groups C
and 2 avallable ay an option. intrinsically
sate: FM certification optional for Class
I. Division 1, Groups B, C and D when
used with listed barrer systems.

Span and Zeto
Continuoustly adjustable axternally.
Zero Elevation and Suppression

Zero elevation or Zero Supprassion up to
10% of cabibrated span

Temperature Limita

~20°F to +150°F Arplilier operating.
~40°F to 1220°F Sensing element
operating.

-60°F to »1B0°F Storage.

Siatic Pressure and Overpressure Limils

9 paia to 2000 paig on oithor pide without
damage o (he transmitter Operales
within specifications between static fine
pressures of 1/2 psia sod 2000 psig
10,000 psig proof pressure on the
flanges.

Humidity Limits

0-100% AH.

Votumelric Displacement

Lesa than 0.01 cubig inches.

*Qptional muter not appravad for Group 8.

Dumping

Fixed rasponse time of 1/3 second.
(Corner fraquency of 0.4 bz}

Yurn-on Time
10 seconds. NO warmup required

Performance
Specifications

(ZERO OASED SPANS. REFERENCE CONDI-
TIONS. 31888 (SOLATING DIAPHRAGMS.
APPLIES FROM 25 TU 1L FLOW),

Accuracy

10.25% of calibrated span for a mnge of
25% 10 100% of tow (6% to 100% of input
pressure). Includes combined effacts of
hysterasis, repealability and contormity
of the square root function.

Dead Bang
Nona

Stabitity
10.25% of upper range kmit for 6 months.

Temperature Effect

The lotal attect inctuding zerg and span
arrorg:; 11.5% of upper ange limit per
100%F. {22.5% tor low range.)

Qverpressure Eftect

Zera shitt of less than =0.5% of upper
range fimit tor 2000 ps: (+2.0% for range
5.

Static Pressure Effect

Zaro Eregrl £ 0.5% of upper rangeiimat for
2000 pss {£1.0% for range 3).

Span Ercor. ~0.520.1% of reading per
1000 psi (~0.7510.1% for range 31, Thisis
a systemalic earror which c¢an be
calibrated out for a particular pressure
pejore Instatiation

Viorstion Etfect
+0.05% of uppor range timit per g to 200
Hz in any axls.

Power Supply Effect
Lass than 0.005% of outpul span per volt.

18%0
1509

000
LRAG

LOrME)
SO0

FIGURE 7
LOAD LIMITATIONS

LR T 41 0d

Load Elfect
No load effect othee lhap the change in
power supplied to the lransmitter.

Mounting Position Effect

Zero shift of up Lo 1 H30 which ¢an be
colibratod out No span effoct. No offest
in ptane of diaphragm.

Physical 8pecifications
Materials of Construction +

isolating Disphragms and Drain/Vent
Valves:

31658, HASTELLOY C or MONEL,
Process Flanges and Adaplers:

Cadmium Plalsd Carbon Sieel, 31838
HASTELLOY C or MONEL.

Wetted O-Rings

VITON.

Fill Fluig:

Silicone Oit.

Botts:

Cadmium Piated Carbon Steei.
Electronics Housiag:
tow-copper alurenum {NEMA4)
Paint:

Polyester-Epory,

Process Connections

1/4-NPT un 2-1/8° cenlers on flanges.
1/2-NPT on 2°, 2-1/8" or 2-1/4" centers
with adapters.

Elacirical Conneclions

1724ncn conduit willt serew turnndis
and integral test jacks compatible with
minfature banana plugs {Pomona 2944,
3690 or aqual)

Weight
12 pounds excluding options.

OPLRATING
REGION

POLWER SJUPPLY (VOL)
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PARTS LIST/DRAWINGS SECGTION

At
Design Specifications i
MOOEL [ALPHALINE VAP FLOW TRANSMITTER
115109
CODE[RANGES
3 10-5 to 0-30 inches HO (0127 tc 0-762 mm H,0)
4 10-25 to 0-150 inches H,O (0-635 to 0-3810 run M08
8 104125 10 0-730 inchas HL (0-3175 10 8-18050 mm H)
CODE JOUTPUT
£ }4-20 mADC, syusrs 100y of thpn
MATERIALS OF CONSTRUCTION
CODE|FLANGES AND ADAPTERS ORAIN-VENT VALVES ISOLATING DIAPHRAGMS
12 [Cadmium Plated C.5. 31688 31858
13 jCadmium Plated C §. HASTELLOY C HASTELLOY C-278
14 |Cadmiwin Plsted C S, MONEL MONEBL
22 |31655 3658 31488
23 |31888 31688 HASTELLOY C-278
24 |asuss 31888 MONEL
23 |HASTELLOY C HASTELLOY & HASTELLOY C-276
24 [MOMEL MONEL MONEL
CODE [OPTIONS
LM jLingar Mater. O-100% scale
MB  [Opiionat Mauniing Brackel for Maunting ta 2° Mps
PB  |Optional Mounting Brachst for Panei Mounting
Fa [Dptional Fist Mounting Bracket for Mounting to 2” Pipe
Y 1Side YaoliThaie, Tan
D2 {30 Venuretn, Bottom
CE  {Canadlan Standarys A ion (CSA} Exploston Proof Cortlicatron for Class i,
Groups C and O; Class i1, Groups €, F ang G, Casa i (Enct. 1V). @
INTRINSIC SAFETY APPROYAL (All Are Approved By Factory Mutuat)
CLASS L, DIV. 1,
BARRIER GROUPS
AGENCY MANUFACTURER BARRIER MOOEL ] c o
LI TV Faxbaro 2A14AV-FGB, QALIVFGA X X ¥
2 {FM Taylor 12481134, 12481124 X X X
1245931, 1245932 b3 X
12451254, 12451264 X x
F3 M Wwestinghouse 755841 x % X
58F£C12 X X
€4 [FM Leeds & Northryp 318569, 316747 X X X
F8 |FM Fiscrer & Poriar BOSHOZIUQY, BOSHOL7UN X X
805H027U02 X * ¥
F& IFR $ishat Cantrols ACIO2 X X
F? IFM Hanwywelt 38848 XXXAX-G110
(113-F58S % X X
411/ 412-F585 X X
] | | ]

[11m0p 4 ¢ 12 LM MB et COMPLETED DESIGN SPECIFICATION }
STANDARD ACCESSORIES All Models are ship- TAGGING ALPHALINE Oifferential Pressure Trans-
ped with Hange adapler, vent/drain valves and one mifters wili be tagged in accordance with customer
instruction manudl per shipment. requiremnents. All tags are stainless steel
OPTIONAL THREE-VYALVE MANIFOLODS CALIBRATION Transmiltera are faclory calibrated
{Packaged Separaiaiy) to customer's specitied span. i calibration is not

. specified. transmittars ars calibeated at maximum @
Part No. 1151-150-1: 3-Valve Manitold, Carbon Steed range. Calibraton is at ambient temperaturs and
{Anderson, Greenwood & Co., MAAV(C) © pressure

Part No. 1151-150-2: 3-valve Maniloid. 318SS
{Anderson, Greenwood & Co.. MAAYS)

11
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Bailey Signal Resistor Unit Type 766 (2 pages)
GEK-78733
VOLUME IV

Page 88 of 93

EQUIPMENT NOMENCIATURE Iap
Pressure Trasamitter Rosemount Model 1
: 11510P

Power Supply General Hlectric Nodels 2
9T66Y987, 9T66Y988 and
ITE66Y989

Condactivity Element Balsbangh Nodel 3
6VI~2~N/910.1IT-18N

Trip Calibratios Unit Rosemount Model 4
510D0-2

Relay General Electric s
Nodel HMA

Switch Genersl Blectric 6
Nodel CR2940

Becorder Westroniocs 7
Nodel MSE

Switch General Blectric 8
Models SB~1, 8B~9, $P~10
and SBM

Pressure -Svitch Bazksdale Model . 9
BIT-M1285-GR

Recordez Leeds and Northrup 10
Speedomax Model M

Pressure Transmitter Rosemount Model 11
1131DP Alphaline

Signal Resistor Unit Bailey Type 766 12

Iaverter Topaz 5000 Series 13

Inverter Topsz Model 14
R $0-6WRS-125-60

iv
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RENEWAL PARTS 4576K16-001

r1G. & RETF, UNTITS
INDEX WO. PART NO. DES. CRIPTION PER/ASSY

3 6146K15P277 &3 RESISTOR, 250 OHMS, 10.17, FIXED, 12
g WIRE-WOUND, 2.5 WATTS (V91637, TYPE
=C) (v00213, TYPE 12008) (V124

4 6146K15P280  R3  RESISTOR, 242 OHMS, :0.1% FIXED, 6
WIRE-WOUND, 2.5 WATT9 (V91637, TYPE
RS-2C) (V00213, TYPE 12008) (V12463,
TYPE T-2C)

4 6148K68P015 R4  RESISTOR, 8 OWMS, :0.1% FIXED, 6
WIRE-WOUND, 0.86 WATT, (V17870,
TYPE R1375)

s 6149K92P303 Rl  RESISTOR, 12100 OWMS, +0.1% PIXED 6
WIRE-WOUND, (V17870, TYPE R1391-
0030), 0.2% WATT

5 6148K60P217 R2  RESISTOR, 400 OHMS, 0.1% FIXED, 6
WIRE-WOUND, 0.66 WATT, (V17870,
TYPR 1375)

3 6146K15P226 R3  RESISTOR, 100 OMMS, :0.1% FIXED, 12
WIRE-WOUND, 2.5 WATT, (v91637, TYPE
RS-2C) (V00213, TYPE 12008) (V12463,
TYPR T-2C)

? 6146K15P271 R3  RESISTOR, 96.8 OMMS, +0.1% PIXED, 6
WIRE-WOUND, 2.5 WATTS

7 6148K68P522 R4  RESISTOR, 3.2 OMMS, t0.1% FIXED, 6
WIRE-WOUND, 0.66 WATT (V17870,
TYPE R137S

8 6146K15P277  R3  RESISTOR, 250 OWMS, '0.17 FIXED, 6
WIRE-WOUND, 2.5 WATTS, (V91637, TYPE
RS-2C) (V00213, TYPE 1.008) (V12463,
TYPE T-2C)

] 6146K15P280 R3  RESISTOR, 242 OHMS, :0.1% FIXED, 3
WIRE-WOUND, 2.5 WATTS (V91637, TYPR
RS+2C) (V00213, TYPE 12008) (V12463,
TYPE T-2C)

9 6148K68PO15 R4  RESISTOR, 8 OWMS, +0.1% FIXED, 3
WIRE-WOUND, 0.66 WATT (V17870, TYPE

, RL37S)

10 6166K15P226  R1L  RESISTOR, 100 OMMS, :0.17, FDED, 6
WIRE-WOUND, 2.5 WATT (V91637, TYPE
RS-2C) (V00213, TYPE 12008) (V12463,
TYPE T-2C)

1 6166K15P271 Rl  RESISTOR, 96.8 OHMS, +0.1% FIXED, 3
WIRE-WOUND, 2.5 WATTS, (V91637, TYPE
RS-2C) (V00213, TYPE 12008) (V12463,
TYPR T-2C)

11 6148K68P522 R2  RESISTOR, 3.2 OHMS, :0.1% FIXED, 3
WIRE-WOUND, 0.66 WATT, (V17870,
TYPE R1375)

12 6149K94P007 Rl  RESISTOR, 150 OHMS, 5% FIXED, 6

@ WIRE-WOUND, 5 WATTS, (V44655, TYPE

¢

995)
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Rosemount Specification Drawing 01153-2734, N0039 Option -~ Combination NO0O16 & N0037 (2 Pages)

I.

11.

1.

Iv.

Y NOO3S Option - Combination NOQ16 & NOO37
S@E [CODE IDENT, NOJ DRAWING NO.
01153-2734
RAWING A (04274
MASTER D : T T

N0O39 LTA DESCRIPTION ECONO. | APPD OATS
A | Origina) Release 626853 MBS | 12/2/8%
SCOPE
This specification defines a Model 1153 Serfes B pressure transmitter with
combined options N0016 - a stainless steel 1/2 - 14 NPT pipe plug installed
in one of the conduit hubs, and NOO37 - a 4-20mA output signal with adjustable
damping.
DETAILS
1. The pipe plug is to be assembled on the nameplate/vent valve side of the
transmitter. The plug will be sealed with thread sealant and torqued to
150 in.-1bs.
2. The standard "R" calibration and amplifier boards are replaced with the
special damping calibration and amplifier boards.
SPECIFICATIONS
Maximum damping for the electronics, measured at the 63% time constant is:
Maximum Damping
Range 3 not applicable
Range 4 1.2 seconds
Range 5-9 0.8 seconds
The damping electronics are not intended for the range 3 because the slower
response is not required for this transmitter pressure range.
APPLICABILITY AND APPROVALS

This specification is Timfted to the Model 1153 Series B with “R" electronics.
Qualification with the pipe plug was addressed in Rosemount Report 108026 (see
paragraph 5.3.1). Qualification of the damping option was addressed in

CLASSIEUSAGE |RoSemOUNt .  minngarous, MINNESOTA

oA.8Y DATRE | TMLE
K. Hildebrandt 11/16/88

3‘;— Y !?-/?»/9? Specification Drawing

Porm No. 80296-1, Rev. A
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Rosemount Report D8800053. The damping option is qualified to the levels of the
1154 transmitter. However, when being used in the Model 1153 transmitter, the
qualified requirements are those for the original Model 1153 transmitter. They
are not altered because of the presence of the damping electronics.

MASTER DRAWING
SiZN [CODE IOENT. NOJ DRAWING NO.
CLASS IE USAGE A | 04274 | ouss-273

[smweET 2 oF 2
Form No. 80299-2, Rev, A
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Attachment 14
Rosemount Product Data Sheet 00813-0100-2655, Rev. AA June 1999 “N-Options for Use with the Model
1153 & 1154 Alphaline® Nuclear Pressure Transmitters” (2 Pages)

00813-0100-2655
Engish

June 1939

Rev. AA

N-Options for Use with the
Model 1153 and Model 1154
Alphaline® Nuclear Pressure
Transmitters

FISHER-ROSEMOUNT Managing The Process Batter.”
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INTRODUCTION

Rosemount® Model 1153 and Model 1154
Alphaline° Nuclear Pressure Transmitters are
designed for precise pressure mensurements in
nuclear applications which require reliable
performance and safety over an extended service
life. These transmitters have been qualified per
{EEE Std 323-1974 and [EEE Std 344-1975 as
documented in the corresponding Rosemount
qualification reports.

Model 1153 and Model 1154 Trangmitters are
available in a variety of configurations for
differential, flow, gage, absolute. and level
measurements. To accommeodate epecific customer
requirements, specinl N-Option features huve heen
developed to provide greater application flexibility.
For example, the NOO10 option allows a teansmitter
to be calibrated up to 5% over its standard upper
range limit. The NOO26 option allows a Range Code
4 Transmitter to be calibrated up to 210 inH,0
rather than the standard Range Code 4 upper range
limit of 150 inHy0.

Following is a summary of selected N..Options. For
additional information on these and other
N--Options, contact Rosemount Nucleay
Instruments, Inc.

SUMMARY OF N-OPTIONS

N000O2 Specifies a reverse-acting goge pressure

transmitter.

Specifies factory calibration of the
transmitter at temperatures above or
below room temperatare, Transmitters
may be calibrated at temperatures
between 40 and 200 *F.

Allows the transmitter to be calibrated
up to 5% above the standard upper range
limit. For example, if the stated upper
range hHimit of the transmitter is

1,000 psi, an NOOLO transmitter may be
calihrated up to 1,050 psi. This vption is
available on all ranges.

Allows 180° rotation of the electronics
housing.

Specifies a stainless steel pipe plug
installed on the nameplate/vent valve
side of the 1153 Series B Transmitier.

N0004

NOG10

NOO11

NCO16

Rosemount Muslear inskeuments, Inc.
12001 Tachnotsgy Orive
£den Prakrle, 1AM 35334

Tof (612) 828-8252
Tetex 4310012 @
Fax (512 8283280

© 1999 Rosemount Nuckdr instruments. Inc.
ip/ e rosemounLEomm

UM ANARAR AR

00813-0100-2655 Rev. AA
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NOo18 Specifies a maximum static pressute
rating of 3,200 psi rather than the
standard 3,000 psi on any high-line
differential pressure transmitter.
Specifies a welded Yi-in. Swagelok™
compression fitting on differential and
high-line transmitters.

Allows an 1153 Series D or 1154 Range
Code 4 transmitter to be calibrated up to
210 inHaO rather than the standard
Range Code 4 upper range limit of 150
inH,0. The maximum and minimum
span limits are 155 and 75 inH20,
respectively.

Specifies factory calibration of the
transmitter at a customer-specified
elevated line pressure.

Specifies a Range Code 3 or 8 differential
pressure transmitter with a maximum
static pressure rating of 2,500 psi rather
than the standard 2,000 psi. Applicable
to Madel 1153 Series Transmitters only,
Allows 90° clockwise rotation of the
electronics housing. The terminal block
lines up with the vent/drain valve side,
Specifies a Model 1163 Series D or Model
1154 Transwmitter with a special
mounting bracket that has ne panel
mounting holes,

Specifies adjustable damping on any
Model 1153 or Model 1154 Transmitter.
Specifies a Model 1153 Series F with a
SST electronics housing, SST housing
covers and SST mounting bracket.
Allows 180° rotation of the process
flanges

Allows 90” counterclockwise rotation of
the electronics housing. The terminal
block lines up with the process
connections.

NOo22

NGO26

N0029

NO032

NOG33

NOD34

NOO37

NO0O77

N0078

N00O38

ORDERING INFORMATION

Consult the appropriate transmitter Product Data
Sheet for a transmitter model number: Append the
N-Option number to the end of the transmitter
model number. An example of s typical model

number with N-Option added is 1153DBERANG0 10,

, (e Rosemount iogo, and A ine are reg g 1 of
Rosemount Inc
Swagelok is aregistered % of Crawtard Riing o,

A3y De protectend Ry one of more of the folowing U5, Pateat NG
3,646,538, 3,793,885 3,800,413, J975 719, Re 30.603. Canaga prented
{Brevele} 1974 $975.1876, 330 1909 h&ay degesd 07 mMOUR, QUhes eyt
Patenms ssued and penrding

Cover pholo 1 153-0G1A8

4

Fisher-Rnsemount satishies all cblgayons coming from
legisiation 1 harmonize product requiré ments v the
European Union,
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