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1.0

1.1

20

241

PURPOSE

The purpose of this calculation is to determine the uncertainty in the reactor core thermat 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. The calculation provides the uncertainty in the value of CTP
calculated by the Plant Process Computer at MUR rated conditions for use in requesting an increase in
the CTP licensing limit for Limerick Generating Station Unit 1. Therefore, there are no acceptance
criteria. The number is simply stated for use in preparation of the License Amendment Request.

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 calcutation. 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 Rangé Dome Pressure
are specified by separate calculations as follows (Ref. 4.8.6 thru 4.8.8):

¢ LEAE-MUR-0001, Bounding Uncertainty Analysis for Thermal Power determination
e 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. Tag Computer . R Uncertainty
Description No. Point Nominal Value Uncertainty Basis

68.00 Btu/lbm +0.005
CRD Enthalpy N/A N/A (Ref. 4.9.10) Btu/lbm (Ref. 4.9.3)
CRD Water Flow 972 °F .
Discharge TE-046-103 A1201 (Ref 4 9.10) +0.7 °F (Ref. Attachment 1)
Temperature T

Nominal Flow
CRD Water Flow | FT-046- A1711 0.0320 Mibm/h *0.0017 (Section 7.5.6)
Rate 1N004 : m/ar Mibm/hr N

(Ref. 4.9.10)
Feedwater 405:30 Btu/lbm +0.005 :
Enthalpy N/A N/A (Ref. 4.9.10) Btu/lom (Ref. 4.9.3)
Feedwater Mass
Flow Rate (LEFM | 10-C986 N/A 15255 Mibm/he £0.28 % (Ref. 4.8.6)
v+ System) (Ref. 4.9.10)
Feedwater 1155 PSIG . .
Prossure N/A N/A (Ref44.1) + 10 psi (Section 3.11) |
Feedwater TE-006- A1744 thru 4271 °F R
Temperature 1NO41A-F A1750 (Ref. 4.9.10) +0.57°F (Ref. 4.8.6) |
Radiated Reactor

0.89 MW
Pressure Vessel N/A N/A +10 % i
(va) Heat Loss (Ref. 4.8.3, Sec. 2.0) ° (Sectlon 312) I
Reactor Dome PT-042- E1234 1060 PSIA i Ref. 4.8.
Pressure 1N008 (Ref. 4.9.10) £ 20 psl (Rel. 4.88)
Saturated Steam
Enthalpy N/A N/A 11@:?5;“’:3’)" +0.85 Btu/lbm | (Section 7.7.2.2) l
Recirculation
Pump Motor 1A(B)-P201 N/A 94.8 % (Attachment 10 & NIA NIA
efficiency Ref.4.8.2)
Recirculation
77 .

Pump Motor 1A(B)-P201 N/A O(z:e‘; (: g;VIW) +14% (Section 7.6.8)
Power .4.3. .
RWCU Discharge 418.40 Btu/lbm +0.005
Enthalpy N/A N/A (Ref, 4.9.10) Btu/lbm (Ref. 4.9.3)
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Table 2-1.
Design Inputs
. Inst. Tag Computer . . Uncertainty
Description No. Paint Nominal Value Uncertainty Basis
RWCU Discharge TE-044- 439°F )
Temperature 1NO15 A1742 (Ref. 4.9.10) +4.37 (Section 7.4.6)
RWOUnletFlow | £7.044. A1 0.1540 Mibmhr 00085 |
NO36A Ref.4.9.10) Mibrmhr ection7.3.6) -
RWCU Regen )
TE-044- 535.3 °F
Heat Exchanger A1741 ° (Section 7.4.6)
Inlet Temperature TN0O4 (Ref. 4.9.10) +4.37°F
RWCU Sugction
530.6 Btu/lbm + 0.005
Enthal N/A A . 4.9.
py I N/ (Ref. 4.9.10) Btuflbm (Ref. 4.9.3)
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22 REACTOR WATER CLEANUP (RWCU) FLOW LOOP UNCERTAINTY
2.2.1  Reactor Water Cleanup System Equipment Design Data (Ref. 4.3.4)

System flow rate (Ibm/hr)

Normal operation “A” pump
‘Normal operation “B” plus “C” pump 133,000

Main Cleanup Recirculation Pumps

Number required
Capacity, % (each)

154,000

*A” Pump ‘B"&"C’ Pumps
1 2
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
Recirculation Pumps, which provides a AP signal to a Rosemount transmitter (FT-044-1N036A). 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):

Tubing ‘
!
| FE-044- O===0 Fross O Ogru © O prc
| 1NO35 _ 1NO36A A1718
j e" 0O O+—+0 O O

LE-0113
Revision 1

The loop components evaluated in this document (the applicable performance specifications and

process parameter data):

223 RWCU System Inlet Flow (Ref. 4.4.1,4.5.6,4.5.7,4.5.10,4.5.11, 45.16, 4.6 4, and 4.9.1)

Table 2-2.

RWCU System Inlet Flow Element — Unit 1

Component |.D.:

FE-044-1N035 “RWCU SUCTION FLANGE
UPSTREAM OF VALVE HV-44-1F001"

Device Type:

Orifice Plate

Manufacturer/Mode! No.:

Vickery Simms Inc./145C3227P037

Reference Accuracy (A1):

+1.50% of actual flow rate

Installation Accuracy:

+0.5%

Environmental Conditions (Temp.):

40°F (min.) to 156°F (max.)

Environmental Conditions (Press.):

(-) 1.0 (min.} to {+) 7.0 inches H,0 (max.)
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Table 2-2. .
RWCU System Inlet Flow Element ~ Unit 1

LE-0113
Revision 1

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

Pipe Size: 6 inch schedule 80

Flange Rating: 600#

Pipe Class Service No.: "| DCA-101 “RWCU from Recirc. Pump Suction Valve
Fo04

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 B

Normal flow Rate: 360 gpm

Maximum Flow Rate: 477 gpm

AP @ Max. Flow Rate: 200 inches H,0, nameplate data: 1178 psig & 545 °F

2.24 RWCU System Inlet Flow (Ref. 4.2.1,4.2.2, 4.5.6, 4.5.10, 4.5.19, 45.20, 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
Eomponent (D FT-044-1N0O36A “REACTOR WATER CLEANUP INLET"
Location {AREA / EVEL / RM): 016 /283’ / 506
Pevice Type: » Differential Pressure Transmitter
Manufacturer/Model No.: Rosemount/1153DB5SRCN0039
Quality Classification: Q (Not Required)
Accident Service: N/A
geismic Category: N/A
Tech Spec Requirement: N/A
Upper Range Limit @ 68 °F: 750 inches H,0O
Lower Range Limit @ 68 °F: 0-125 inches H,0
Ealibrated Range: 010 218.3 inches H,0 - static pressure corrected
Operating Range: 0 to 220 inches H,O at 1060psig
Calibration Span: 218.3 inches H,0
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Table 2-3.
RWCU System Inlet Flow Differential Pressure Transmitter
Output Signal: 4-20mA
Setpoint: N/A
Calibration Period: 24 months

Accuracy (A2):

+ 0.25 % calibrated span (see note)

Calibration Accuracy:

+05%

Stability (Drift, D2):

£ 0.2 % URL for 30 months [20]

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 (damping):

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:

Applicatioh - Non-safety-Related

Radiation Effect (e2R):

Accuracy within t 4.0 % of URL during and after
exposure to 2.2 x10 rads, TID of gamma

Note: Includes combined effects of linearity, hysteresis, and re'peatability

RWCU System Signal Resistor Unit (Ref. 4.1.1, 4.5.10, 45,17, 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

Selected Range:

250 Ohm
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Table 2-4.
RWCU System PPC Precision Signal Resistor Unit
Accuracy: 1 0.1 %, (x 0.25 ohm)
Safety Classification: N/A
Temperature Effect: + 0.5 % for 40 — 120°F
Input Signal Range: 4 to 20 mAdc

2.2.6 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 Requirem'ent: 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
tnput 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 4
Operating Temperature Limits: 3210122 °F (0 to 50 °C)
Humidity limits: Not Specified
Safety Classification: Non Safety-Related
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227 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 )

Normal Temp. Range (°F)

65 min / 106 max / 85 norm

65 min / 78 max / norm N/A

Normal Pressure

(-} 0.25 inches WG

+ 0.25 inches WG

Normal Humidity (RH %)

50 average / 90 maximum

50 average / 90 maximum

Radiation

2.50E-03 Radsthr, 8.78E+02 TID

N/A

23

2.31

REACTOR CLEANUP SYSTEM TEMPERATURE

4518,4519,46.4,4.95, and 4.9.7)

TE-044-1N004

PPC A1741

Thermocouple

Table 2-7.

RWCU System Inlet Thermocouple

LE-0113

Revision 1

RWCU System Regenerative Heat Exchanger Inlet Temperature (Ref. 4.4.1, 4.5.6, 4.5.11, 4.5.16,

Component Numbers:

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

Device Type:

Type T Copper ~ Constantan (CU/CN)

Manufacturer/Model No.:

California Alloy Co/Model 117C3485P073

Element Range:

(-)200° to (+)700 °F

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

-1 530 °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 Qperating 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. Unit 2's value of 530 °F is more conservative
than Unit 1's value of 528 °F. Per the GEH task report the value of 535.5 °F will be used (Ref. 4.9.10).

TE-044-1N015
Thermocouple >

PPC A1742

Table 2-8.

RWCU System Outlet Thermocouple

2.3.2 RWCU System Regenerative Heat Exchanger Outlet Temperature (Ref. 4.1.1, 4.5.6, 4.5.16, 4.5.18,
4.5.19,4.6.4,4.5.11,4.9.5,and 4.9.7)

Component Numbers:

TE-044-1N015 “REACTOR WATER CLEANUP
SYSTEM REGEN HEAT EXCH OQUTLET 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

Output 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 operation
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for both Units. Data was retrieved once per hour for one week. However, the value of 439 °F from the
GEH Task Report will be used (Ref. 4.9.10).

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

Table 2-9.
RWCU System Thermocouple PPC Analog Input Card Unit 1
Component |.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: -25 mV to + 25mV
Calibration Span: (-) 0.674 mV to (+)15.769 mV
Calibration Period: 24 months
Accuracy (A2): + 0.5 % of full scale span
Input Impedance (resistance): 10 Meg Ohms
Analog to Digital Converter: Not Specified
Signal Source Resistance: 2800 © maximum
?ower Supply Effect (PSE2): N/A
TEMI/RFI Effect: N/A
Response time (damping): N/A
H)peratin’g Temperature Limits: 32to 122 °F (0 to 50 °C)
_Humidity limits: Not Specified
Safety Classification: Non Safety-Related

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

Table 2-10.
‘RWCU System Thermocouple Local Service Environments
Thermocouple Plant 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
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Wormal Pressure

(~) 0.25 inches WG

+0.25 inches WG

Normal Humidity (RH %)

50 average / 90 maximum

50 average / 90 maximum

Radiation

2.50E-03 Rads/hr, 8.78E+02 TID

N/A

24
241

CRD FLOW RATE UNCERTAINTY
CRD Hydraulic System Flow Loop Diagram

LE-0113

Revision 1

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

loop is shown as follows:

Flow element:
FE-046-1N003

Flow

o Transmitter FT-

0046-1N004

Input Comp. Point
Resistor A1711
8 ohm

The loop components evaluated in this document (and the applicable performance specification and

process parameter data):

2.4.2 CRD Hydraulic System Flow Element (Ref. 4.4.1,4.5.8,4.5.12, 46.2, 4.6.3, 4.8.5, and 4.9.5)

Table 2-11.

CRD Hydraulic System Flow Element — Unit 1

Component I.D.:

FE-046-1N003 “CRD HYDRAULIC SYS DRIVE WTR
FLOW CONT”

Device Type:

Flow Nozzle

Manufacturer/Model No.

GE - Vickery Simms Inc./ 158B7077AP016

Reference Accuracy (A1

)

1 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-I 08 to
Hydraulic Control Units

Normal Operating Temperature:

100 °F (See Note 1)

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 Eiement — Unit 1

Normal flow Rate; 105 gpm @ 1515.8 psig

AP @ Max. Flow Rate: 200 inches H,0 @ 100 gpm _
Note 1: The value of 97.2 °F will be used based on the GEH Task Report (Ref. 4.9.10).

2.4.3 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
Manufacturer/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,0

Calibrated Span:

0 to 197.5 inches H,0 - static pressure corrected

Operating Span:

0 to 200 inches H,O 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:

+05%

Stability (Drift, D2):

+0.25 % of URL for 6 months [20]

Temperature Effect (DTE1), per 100°F

1 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,0
span .

Temperature Normal Operating Limits:

(-)40 to 150 °F (Amplifier)

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 (SPNEZ2):

() 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
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Seismic (vibration) Effect (SEIS2): -

4 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

CRD Hydraulic 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 ohm (£ 0.1 %)
Safety Classification: N/A ’
Temperature Effect: + 0.5 % for 40 ~ 120°F
Input Signal Range: 4 to 20 mAdc

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 |.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
Tech Spec Requirement: N/A .

Selected Full Scale Span:

+ 160 mV
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Table 2-14.

CRD Hydraulic System PPC Analog Input Card Unit 1
Calibration Span: (-) 160 mV to (+) 160 mV
Calibration Period: 24 months
Accuracy (A3): 1 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 (PSE3): N/A
EMI/RFI Effect: N/A
Operating Temperature Limits; 3210 122 °F (0 to 50 °C)
Humidity limits: ' Not Specified
Safety Classification: Non Safety-Related

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

Process Temp Maximum: 150 °F

Process Temp Minimum: 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)

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 / 90 norm

65 min / 78 max / N/A
min max / norm |

Normal Pressure

(-) 0.25 inches WG

+ 0.25 inches WG

Normal 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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2.5.2 Recirculation Pump Motor Watt Transducer (Ref. 4.56.13 to 4.5.15, 4.6.6, Attachment 8, 4.9.5, and 4.9.7)
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RECIRCULATION PUMP MOTOR UNCERTAINTY

Recirculation Pump Motor Loop Diagram

Each analyzed instrument loop consists of a Watt Transducer, and a PPC input/output (I/0) module.

The uncertainty magnitude of the CT and PT is negligible for this calculation.

PT CT
Potential Current
Transformer Transformer
A4 A

Watt Transducer

PPC Analog Input Card
Computer Points —~ A1725 & A1726

Table 2-16.

Recirculation Pump Motor Watt Transducer

Component 1.D.:

MT1A and MT1B

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)

Voltage Input (Potential Transformer):

0-120V (4160/120)

Output Range:

0-1 mAdc

Calibration Period:

24 months

Accuracy (A1)

+ (0.2% Reading + 0.01% Rated Output) at

0-200% Rated Output

Stability (Drift, D1) per year:

£ 0.1% RO, Non-cumulative

Temperature Effect:

1+ 0005%/°C

PF Effect on Accuracy

1 0.1% VA (maximum)

EMI/RF| 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 Safety-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 signat range, 0.1 watt
Safety Classification: N/A
?emperature Effect: N/A
Input Signal Range: 0-1mAdc

2.54 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

r-Component (.D.: A1725 and A1726

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

Tech Spec Requirement: N/A
_Selected Fuli 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 Effect (PSE2): N/A
EMI/RFI Effect: N/A
Operating Temperature Limits: 3210 122 °F (0to 50 °C)
Humidity limits: Not Specified
Safety Classification: Non Safety-Related
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3.0 ASSUMPTIONS AND LIMITATIONS

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

3.2 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.

3.4 Published instrument vendor specifications are considered to be based on sufficiently large samples

s0 that the probability and confidence level meets the 2o criteria, unless stated otherwise by the
vendor.

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

3.6 The insulation resistance error is considered negligible unless the lnstrumentatlon is requured to
operate in an abnormal or harsh environment.

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

3.8 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 as listed in
P-300 (reference 4.4.1) and normal operating temperature of 97.2 °F (Table 2-1) are used to determine
uncertainty of the CRD hydraulic system enthalpy because this is more conservative than using the
higher temperatures normally found during operation.

3.9 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.

3.10 Interim results are rounded to the level of significance of the input data to avoid |mply|ng 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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3.11  Anuncertainty of + 10 psig is assumed for the feedwater pressure and the CRD outlet pressure to
conservatively cover the variations in the actual steam dome or reactor vessel pressure. The variation
in pressure has a negligible effect on the enthalpy of the feedwater.

3.12  Anuncertainty of 10 % is assumed for the RPV thermal radiation heat loss term, Qgap, 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 dryweill, 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.

3.13  Steam table excerpts have been provided for convenience as Attachment 6, National Institute for ,
Standards and Technology (NIST) Thermophysical Properties of Water, as extracted from the NIST fluid
properties WebBook (Reference 4.9.3). For conservatism, factors of one-half 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/tbm for liquid. ’
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message on INPO plant reports, subject Rosemount Instrument Setpoint Methodology, dated March 9,
2000". Letter dated 04/04/2000. (Attachment 3) '

499 TODI A169446-80, Source Document “Steam Carryover Fraction on Process Computer Heat Balance
Calculations” (Attachment 2)

4.9.10 TODI A1695446-87, Source Document "GE Task Report T0100, December 2009, Revision 1"
(Attachment 5)

5.0 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 ta confirm the arithmetic results.

Page 25 of 94



LE-0113

Reactor Core Thermal Power Uncertainty Revision 1
Calculation Unit 1

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 2o 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 an 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.

QRad

=55 Qs.ew + Qero-out

CTP
QCRD-IN
. cu
- , Filter
QRWCU Demin

N

. ———6 ’ RWCU Reat

Exchangers

Figure 5-1, Limerick Heat Balance Control Volume Diagram
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CTP = Energy out — Energy in (Equation 1)
Energy in = Qry.n + Qeroin + Qe (Equation 2)
Energy out = Qsew + Qcro-out + Qrap + Qrwcu (Equation 3)
Where,
CTP Core Thermal Power generated by nuclear fuel

Qrw-in Energy of feedwater required to raise inlet FW to Steam

Energy of CRD purge water and recirculation pump seal purge water

Qoroan going to feedwater

Qe Heat added by the recirculation pumps

Qs rw Energy of steam from feedwater supply

Qero.out En.ergy of CRD purge water and recirculation pump seal purge water
going to steam

Qrap Radiative heat losses from the reactor pressure vessel

Qrwey Heat removed by the RWCU system regenerative heat exchangers

(includes both a heat removal term and a heat additions term)

6.2.1 Energy!n
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 (wrw) multiplied by the enthalpy
of the water at the bulk temperature of the feedwater (hew(Trw)) 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.n = Wew « Ne(Tew) A (Equation 4)

6.2.1.2 Energy of Control Rod Drive purge water and recirculation pump seal purge water {(Qcrp.in) is taken to
be fixed at the enthalpy of water for a given temperature and pressure.

Qcro-n = Werp * he(Tero) (Equation 5)
6.2.1.3 Energy of recirculation pumps (Qp)

Energy of recirculation pumps (Qg) is taken as the number of pump motors (n) muitiplied by the
efficiency of the pump motors (n.,) multiplied by the power of the pump motors (Wg). Thisis 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 Qp will be negligible compared to Qgw.

Qp=0n -0y - WE' {Equation 6)
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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 (Wrw) multiplied by
the enthalpy. (he(Ps)) of the steam (hg) at the steam dome pressure (Ps). The moisture carryover
mass fraction is conservatively set to 0 (See Attachment 2).

Qs.rw = Wrw - ho(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 (Qcroout) 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, W¢rp will be quantified as a fixed
number because relatively large random variations in Werp will be negligible in determining Qs.

Qcro-our = Wero + N(Ps) (Equation 8)

6.2.2.3 Energy of Reactor Pressure Vessel Radiative Heat Loss

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

6.2.2.4  Energy of Reactor Water Clean-up

Energy of reactor water clean up (Qrwey) 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 Qrwey Will be negligible in determining Qs. The net heat removed is equal
to the mass flow rate (Wrwcu) multipiied by difference of enthalpies across the RWCU.

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

6.2.3 - 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 *+ Qcro-our + Qrap + Qrwey) = CTP + (Qrwan *+ Qeroan + Qp) ‘ (Equation 10)
Solving for CTP yields,

- CTP = (Qs.pw + Qcro-out + Qrao + Qrweu) - (Qrwan + Qcron + Qp)

= [Wew « Na(Ps) + Werp - ha(Ps) + Qrap + Wrweu - INE(Trev) — Re(Tew)]

- [Wew « he(Tew) + Wero - he(Terp) + Nt N - We] (Equation 11)

Combining like terms,
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CTP = [[Wew « ha(Ps) - Wew « he(Tew)] + Werp -+ ha(Ps) - Wero « Ne(Tero)]
+ Qrap *+ Wrweu * Ihe(Trev) = PE(TEw)] - N e N « We] (Equation 12)

CTP = Wew + [ne(Ps) - he(Tew)] + Wero + [ha(Ps) - he(Tero)] -
+ Qrap *+ Wrweu « [De(Trev) = Be(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 Wew, he(Ps), Qcrp.our . Qrap »
Qrweu » he(Trw), Qeroan » Qe

CTP = f (Wew , ha(Ps), Qcro-out » Qran » Qrweu » he(Tew), Qero.in, 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.out, Qrao, Qrweu, Qcroan, 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 = [wrw * hs(Ps) + Qerp-0ut + Qrao + Qrweu] ~ [Wew ™ Re(Tew) + Qoroan + Qp)
= Wew * [ha(Ps) - he(Trw)] + (Qero-out - Qero.in) + Qrap *+ Qrweu - Qe (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 follows:

y= f(X1, X2y v ,XN)
N N )
oo = [ Sloute)F | - [z o)
i1 i=1 (Equation 16)
Where, '
_ o :
9% and ugy) = | ¢ 1 u(x;) , (Equation 17)

The standard uncertainty, u,, is multiplied by a coverage factor, k, which is equivalent o 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=kufy)andY=y+U (Equation 18)
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The standard uncertaihty 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).

]

oCTP
Bhe (T

-

Uctp =

Qcro_N

]2 *(%(Tm))z} [

2
oCTP 2
| %
Rrwey ] (O.QRWCU ) } v

The partial derivative terms can be solved for by recalling CTP from Equation 15.
CTP = Wrw + (ha(Ps) - Ne(Tew)) * (Qcro-our - Qeroan) + Qrao + Qrwou - Qe

P
aCTP‘ oo f |+
ohg(Ps)

oCTP

aQ(_‘,RD_ ouT

J

{aCTP

]

2
*
J (GQCRD _out )2 *

‘— aCTP ]Z*Qbmmmy +[U§%£%DZ*@bMDY}+

(Equation 19)

The partial derivatives are determined from Equation 15 and shown below, remembering that the terms
Qcro-out » Qcroan » Qrap » Qrweu » and Qr are fixed relative to the determination of the uncertainty of

CTP.

%m—ﬂ’; = (he (Ps) - he (TFW ))

ocTP _
ohg(Ps) %

_0CTP _
Ohe (Trw ) FW
oCTP

A L
9Qcrp out

oCTP

A AL
9Qcro_in

oCTP

oCTP
9 Qrweu

=1

oCTP __,
3Qp
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The Feedwater mass flowrate uncertainty, owrw, is equal to the measurement uncertainty as shown in
Equation 28.

CWey “UFW Wrw ’ {Equation 28)
The steam enthalpy uncertainty, oy, is determined by Equation 29.
ohg ) 5 (9hg)? ohg )’
T (Ps, Ts.lo) = J(_BTG) PN ( a;j 02 + [0!6 0,2
. . o (Equation 29)
Substituting finite differences for the partial derivatives:
2 ND) 2
AP Alo (Equation 30)

Noting that for saturated steam, pressure determines the temperature of the steam: thus, 91 =0
In addition, the steam tables used were derived from NIST Chemistry WebBook (Reference 4.9.3). The

interpolation error for steam enthalpy, O =4 0.05 Btu/lbm.

2 2
i Ahg(Ps)) Ahg (1)), .
GhG(PS'IO): (_—;PTS)) Up2+[$) 0,02 (Equation 31)

The Feedwater enthalpy uncertainty, of, is determined by Equation 32.

2 2 2
oh ah dh
ohr (TFW!PFW 'Io) = ‘/('a—.;.:'j *OTZ + (a_PF) *UPZ + (Ei] *OIDZ
o (Equation 32)

Substituting finite differences for the partial derivatives yields

2 2 2
AhF 2 AhF 2 AhF 2
=l —| *0:° +|—| =*o — | *0
\l ( AT ) T ( ap ) "OP Tlan, ) T
The interpolation error for liquid enthalpy, %% =+ 0.005 BTU/b, and that the enthalpy of subcooled
water varies with temperature and slightly with pressure; thus,

2 2 \ 2
O'hF(TFW,PFW,IO) = \{(ﬂ’i_[(_ﬂ} * UT2 +(Ah+F()P)] * 0'p2 +(%_] *Uloz (Equation 33)
o]

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, opcrp our, is determined by Equation 34, where
Xcro is the uncertainty calculated for the CRD flow stream. '

Tacko_our = Xcrp % + Qcro_out (Equation 34)
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The CRD inlet energy uncertainty, oacro_m. is determined by Equation 35, where xcrp is the uncertainty
calculated for the CRD flow stream.

OQC"D.—'“ ~ Xcro % - Qcro_iN (Equation 35)

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

Camo = xgap % - Qrao {Equation 36)

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

T0meu = xpweu % + Qrwew . (Equation 37)
The Recirculation Pump heat addition uncertainty, ogp, is determined by Equation 38, where xp is the
uncertainty calculated for measurement of the recirculation pump motor power.

O = %0 %+ Qp (Equation 38)

6.2.5 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 specification D for a period of X months can be expanded to n-X months (where n 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 calculated using Equation 39 (Section 4.1.1 of reference 4.1.1,).

Dy = [n - (D" (Equation 39)

Page 32 of 94



LE-0113

% B8 Reactor Core Thermal Power Uncertainty Revision 1
R, Calculation Unit 1

7.0  NUMERIC ANALYSIS

71 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.

GWFW =UFw measurement * Wrw =0.28% * Wey
= 0.0028 15,255,000 Ibm/hr
= 42,714 Ibm/hr
7.2 STEAM DOME PRESSURE MEASUREMENT UNCERTAINTY

The uncertainty of the steam dome pressure measurement is taken from Reference 4.8.8.
Op, =% 20 psig

7.3 REACTOR WATER CLEAN-UP (RWCU) FLOW LOOP UNCERTAINTY
7.3.1  RWCU Flow Loop Accuracy (LArwcu_riow)
7.3.1.1  RWCU Flow Element Reference Accuracy (A1)
Reference Accuracy is specified as + 1.50% of actual rate of flow (Section 2.2.3).
Al,;, = t1.50% Flow
7.3.1.2 RWCU Flow Element Installation Effect (IE1)
The flow elements meet the installation requirements of Ref. 4.6.5. Therefore,
IE1 = £ 0.50% Flow
7.3.1.3 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 o 560 °F. Therefore the temperature effect on flow element expansion
can be neglected.

TN1 =+ 0% Flow
7.3.1.4 RWCU Flow Element Temperature Effect on Density (TD1)

During normal operations the temperature of the fluid passing through the flow element at the inlet of
the RWCU system is approximately 535.3 °F. The effect temperature has on density will be evaiuated
at + 4.37 °F (Section 7.4.6) from the base condition of 535.3 °F at 1060 psig (1074.7 psia) 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. Density values are from Reference
4.9.3 (printout included as Attachment 6).
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N Py 2
[ 1bm (om

£(539.7) = p(5309 | 7 | v ri o £(1070) - p(1050)Y | 72 ‘
T, = || A AR 44°F) ¢ 22 T2 T B} Y10 psi
%5 (Trweu) [ 539.7- 530.9 psi (a.4°FY 1070 — 1050 psi (10.psi

_ (1083 a1275V1 | L g opp ,[46.998-46950Y ) | g iy

539.7-5309 ) | °F 1070 1050 ) | psi
Ibm

3

o, (Tew ) = 0.29108 =5

Divide by the base density at 535.3°F and 1060 psig to convert to a percentage value:

0.291(bm/ ft3)

L @535.3°F = 0.00619 =0.619 %
46.987 (Ibm/ ft®)

S, (Trweu Pro) =
" The percent change in density, o, as a function of the percent change in flow, o, is given by the
following equation (Reference Attachment 8, Equation A8-10):
ox=2%oy v

Rearranging Equation A8-10 and substituting o, for o, to solve for the unknown flow uncertainty, o4:

1
TD1 %flow = 5 -TD1 Y%density
-1 o619%
2
=0.309 %
TO1oftow = 0.3 % of flow

7.3.1.5 RWCU Flow Element Humidity Error (e1H)

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

elH =0
7.3.1.6 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).

elS = 0
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7.3.1.8 RWCU Flow Element Static Pressure Offset Error (€1SP)

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

elSP = 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.

elP = 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,

elPr = 0
7.3.1.11 RWCU Flow Element Temperature Errqr (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,

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

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

A2;, = +0.50% [30]
Converting to a 20 value

A2, = £050%*2/3

A2;, = +0.3333 % of span

Converting % span to % flow

Rearranging Equation AB-10, o4p = 2 * orLow, to solve for flow (Reference Attachment 8):

A2y5%mi0w =  A2yspan ! 2
= +0.3333 % of span/2
= £0.1667 % of Flow
AZs5%F 10w =  +0.1667 % of Flow

7.3.1.13 RWCU Flow Transmitter Power Supply Effects (c2PS2)
Power supply effects are considered to be negligible (Section 3.7). Therefore,
o2P32 = %0
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© 7.3.1.14 RWCU Flow Transmitter Ambient Temperature Error (¢2T)

The temperature effect is £ (0.75 % URL + 0.5 % span)/100°F [3o] (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)

o2y, = £{(0.0075 * 750 INWC + 0.005 * 220 INWC) * 41 °F/ 100 °F]
= +[(5.625 INWC + 1.1 INWC) * 0.41]
o2T3, = +2.76 INWC [30], rounded to level of significance

Converting to a 2¢ value

02T, = $276INWC*2/3
02T, = +1.8382INWC
Converting to % span
02Tz, = +1.8382 INWC /220 INWC

= +0.008355 = 0.8355 %
Converting % span to % flow

Rearranging Equation A8-10, oap = 2 * crLow, t0 solve for flow (Reference Attachment 8):

02T 2ouriow = 02T g%span / 2
= +£08355%/2
= +04178 %

62To0urion = +0418%

7.3.1.15 RWCU Flow Trarismitter 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
10" 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 = 1(4.0% of URL) * dose / rated dose
= %(0.04.750 INWC)* 8.78 x 10°/ 2.2 x 10"
= $30INWC*3.99x10°

e2R = +1.20x10°INWC
Converting to % span
2Ry g0an = +1.20 x 103INWC / 220 INWC

= +544x10%=544x10"%
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Converting % span to % flow
Rearranging Equation A8-10, o = 2 * orow. 0 solve for flow (Reference Attachment 8):
e2Ryrow = ©2Royspan/2
= +544x10% %/ 2
= £272x10%%
= +2.72x10*%, which is negligible
e2Rypow = 0
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 g's. 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
7.3.1.18 RWCU Flow 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
e2T = 0
7.3.1.20 RWCU PPC I/O Module and SRU Reference Accuracy (A3)
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 + 0.5 % of span (Section 2.2.6).
A3z, = 0.12 +0.52 =0.5099 = 0.51 % span
Converting % span to % flow
Rearranging Equation A8-10, 6,p = 2 * orLow, to solve for flow (Reference Attachment 8):
A3vriow = Ayspan / 2
+051%/2
A3%Fiow = +0255%
7.3.1.21 RWCU PPC I/O Module Humidity Error (e3H)

The manufacturer specifies the [/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 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
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7.3.1.22 RWCU PPC /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
7.3.1.23 RWCU 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).

e3s = 0
7.3.1.24 RWCU PPC /O Module Static Pressure Offset Error (e3SP)
The 1/O module is an electrical device and therefore not affected by static pressure.
e3SP = 0
7.3.1.25 RWCU PPC 1/O Module Ambient Pressure Error (e3P)
The I/0 module is an electrical device and therefore not affected by ambient pressure.
e3P = 0
7.3.1.26 RWCU PPC I/O Module Process Error (e3Pr)

The I/O 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
7.3.1.27 RWCU Flow Loop Accuracy (LArwcy Fiow)

LArwcu_fiow = £ [(A12 + (IE1)? + (TN1)? + (TD1)? + (e1H)? + (e1R)* + (e1S)2 + (e1SP22 + (e1Pf +
(e1Prf +(e1T)? + (Azg2 +(s2PS2)° + (s2T)* + (e2H)* + (e2R)* + (e2S)° +(e2P)" +
(€2T)* + (A3 + (e3H)? + (e3R)* + (e3S)* + (e3SP)* + (e3P)? + (e3Pr)]"”

= [(1.5) + (0.5)% + (0) + (0.3 + (0)? + (0) + (0) + (0)? + (0)* + (0)* + (0)* + (0.1667)°
+(0) +(0.418)% + (0)° + (0)° + (0)° + () + (0)° + (0.255)° + (0)° + (0)° + (0)° + (0)" #
0) + (0}

=+ 1.690425 %

LArwcu Fiow = £ 1.7 %

7.3.2 RWCU Flow Loop Drift (LDrwecy _Fiow)
7.3.2.1 RWCU Flow Element Drift Error (D1)
The flow element is a mechanical device; drift error is not app‘IicabIe for the flow elements. Therefore,
D1 . =10.00% 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 2c value (Section
2.2.4). The calibration frequency is 2 years, with a late factor of 6 months.

D2, =  %(0.2% * URL)

Drift is applied to the surveillance interval (St} using Equation 39 (Section 6.2.5) as follows
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7323

7324

733

7.34

735

D2, = £[n(D™
= + ([(24 months + 6 months) / 30 months] . [0.002 URL]%)"?
= +([(30/30)]-[1.5 INWCPA)"™

D2,, = £1.50INWC
Converting to % span
D2ygpan = £ 1.5INWC/219.8 INWC

= +0.00682439 = 0.682439 %
Converting % span to % flow

Rearranging Equation A8-10, cap = 2 * o 0w, t0 solve for flow (Reference Attachment 8):

D2¢piow = D2y,span / 2
+0.682439% / 2
'£0.341219 %
D2yrow = £0.34%
RWCU Flow PPC /O Module Drift Error {D3)

+

LE-0113
Revision 1

The vendor does not specify a drift error for the /O module. Therefore, per Ref. 4.1.1 Section |, it is

considered to be included in the reference accuracy.
D3 = %0 '
RWCU Flow Loop Drift {LDrwecu_riow)
LDrwcu_row = [(D1)? + (D2)* + (D3))"?
= [(0)° + (0.34)" + (0)1"™
=+0.341219 %
LDrwey_fiow = £ 0.34 %
RWCU Flow Loop Process Measurement Accuracy (PMArwcy fiow)

No additional PMA effects beyond the effects specified in the calculation of loop accuracy.

PMAgrwcy_fiow = 0
RWCU Flow Loop Primary Element Accuracy (PEAgwcy_Frow)

No additional PEM effects beyond the effects specified in the calculation of loop accuracy.

PEArwcu_Fiow = 0
RWCU Flow Loop Calibration Accuracy (CAswcu Fiow)

Standard practice is to specify calibration uncertainty in calculations equal to the uncertainty

associated with the instruments under test (Reference 4.1.1).

Therefore,
CArwcu_row = [(A1) + (A2)" + (A3)]'"?

[(1.5%)* + (0.1667 %)’ + (0.255 %)*|"?

CArwcuriow = 1.5%
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7.3.6  Total Uncertainty RWCU Flow Loop (TUrwcu_rrow).
TUrweu_riow = 2 [(LAY + (LDY + (PMAY + (PEAY* + (CA)Y'"
= £ [(1.7)% + (0.34)% + (0)* + (0F + (1.5)4"?
=+2.29251%
TUrweu row = £ 2.3 % of flow _
To convert 2.3% flow error to lbm/hr rated flow of flow 0.1540 Mibm/hr (Table 2-1):
Converting to Ibm/hr for water at rated conditions:
TEmass = (2.3 %)"(0.1540 Mibm/hr)
TEwass = 3542 ibm/hr, or £ 0.0035 Mibm/hr
This value is entered into Table 2-1 for the uncertainty associated with RWCU flow.
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7.4 RWCU TEMPERATURE LOQP UNCERTAINTY

7.4.1 RWCU Temperature Loop Accuracy (LArweu_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

7.4.1.2 RWCU Temperature Element Power Supply Effects (51PS)
' Power supply effects are considered»to be negligible (Section 3.7). Therefore,
siPS = 0
7.4.1.3 RWCU Temperature Element Ambient Temperature Error (c17)

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

G1T10= 0
7.41.4 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 acecuracy specification under these conditions (Section 3.2).

elH = 0 _
7.4.1.5 RWCU Temperature Element Radiation Error (81R)

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,

elR = 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).

etS = 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.

etV = 0 ,
7.4.1.8 RWCU Temperature Element Static Pressure Error (e1SP)
The thermocouple output is not sﬁbject to pressure variations.
e1SPi, = 0
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7419 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 /O Module Reference Accuracy (A2)

Reference Accuracy is specified as + 3.0 °F (Section 2.3.3) and considered to be a 2¢ value (Section
3.4)

A2,;, = +£30°F
7.4.1.12 RWCU Temperature Loop PPC /O Module Humidity Error (e2H)

The manufacturer specifies the I/O module operating humidity limits between 0 and 95 % RH (Section
2.3.3). The /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)

e2H = 0
7.4.1.13 RWCU Temperature Loop PPC I/O Module Radiation Error (€2R)

No radiation errors are specified in the manufacturer's specifications. The instrument is located in the
Control Room 5§33, 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
7.4.1.16 RWCU Temperature Loop PPC |/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.

e23P = 0
7.4.1.16 RWCU Temperature Loop PPC /O Module Ambient Pressure Error (€2P)
The /O module is an electrical device and therefore not affected by ambient pressure.
e2P = 0
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7.4.1.17 RWCU Temperature L.oop Accuracy (LArwey_Fiow)

LArwour =% [(A ) (61PS)* + (G1T)” + (eTH)? + (81R)? + (e1S)° * (e1V)’ + (e1SP)’ + (e 1P+
(e1T) +(A2 +<e2H) +(e2R)? + (e2SY? + (e2SP)* + (e2P)]™

‘+[(075) (0)+(9 +(0)° + (0) + (0)° + (0)° + () + (0)° + (0)° + (3.0)° + (0 + (O)°
+(0)" + (0 + (01" °F

—1(05625+o+0+o+o+o+o+o+o+o+90+o+o+o+o+o1”2°r=
= +[9.5625 °F?'?
LAchu_T =+3.09 °F

7.4.2 RWCU Temperature Loop Drift
7.42.1 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
7422 RWCU Temperature Loop PPC 1/O Module Drift Error (D2)

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

D2 = 0
7423 RWCU Temperature Loop Drift (LDrwcu 1)
LDrweyr  =[(D1)* + (D2)1"
= [(0) + (0)]"
=+0.0%
LDrweur =20%
7.4.3 . RWCU Temperature Loop (PMAgrwcu_1)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMAgwcy_ T =0
7.44 RWCU Temperature Loop (PEArwcy 1)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PEArwcy_r =0
745 RWCU Temperature Loop Calibration Accuracy (CAgwcy_T)

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

Therefore,
CArwcur = [(A1)" +(A2) + (A3)"”
= [(20.75 °F)? + (¢ 3.0 °F)%)"?
CArweur = *3.09°F
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746

7.5
7.5.1
7.51.1

751.2

7513

7514

7515

7.5.1.6

Total Uncertainty RWCU Temperature Loop (TUrweu 1)
TUrweut = £ [(LAY + (LDY? + (PMA)? + (PEA)® + (CA|™
= £[(3.09)" + (0 + (0)° + (0)" + (3.09)")"
=+4.370 °F
TUrweur =21437°F

CRD FLOW RATE UNCERTAINTY
CRD Flow Rate Loop Accuracy {LAcro_riow)
CRD Flow Element Reference Accuracy (A1)
The accuracy of the flow element is £ 1% of actual rate of flow (Section 2.4.2).
Therefore,
A1 = 1% flow

L.LE-0113
Revision 1

CRD Flow Element Humidity, Radiation, Pressure, and Temperature Errors (e1H, e1R, e1P, e1T)

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=e1P =e1T=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;
elS = 0 _
CRD Flow Element Static Pressure Error (e1SP)

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

etSP = 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 = $0.50%
Converting % span to % flow

Rearranging Equation AB-10, o4p = 2 * orLow, to solve for flow (Reference Attachment 8):

Ayriow = A2yspan /2
= $0.50%ofspan/2
= 10.25 % of Flow
Auyriow = 1+ 0.25 % of Flow
CRD Flow Transmitter Power Supply Effects (c2PS)
Power supply effects are considered to be negligible (Section 3.7). Therefore,
g2PS = +0
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7.5.1.7 CRD Flow Transmitter Ambient Temperature Error (¢2T)

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 focation 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).

o2T =  +[(0.024 - 197.5 INWC) /100 °F]. 41 °F ‘ [30]
= +[(4.74 INWC)/100 °F]. 41 °F
=  $£1.943 INWC
Converting to % span
02T, = £ 1.943INWC/197.5INWC

= +£0.0098
Converting % span to % flow

Rearranging Equation A8-10, c,r = 2 * orL0w, t0 solve for flow (Reference Attachment 8):

2T s0%k0w = 02T 0%span / 2

= £098%/2

= $0.49% ‘
2T 500w = *0.49%

7.5.1.8 CRD Flow Transmitter Humidity Error (e2H)

The manufacturer 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
7.5.1.9 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
eZ2R = 19.75INWC

Converting to % span

2R +£19.75 INWC/ 197.5 INWC
= +010=10%
Converting % span to % flow

Rearranging Equation A8-10, 5,r = 2 * orLow, to solve for flow (Reference Attachment 8):

02Rusion = 02Roguspan/ 2
= +100%/2
= +5.00%
62Ref100 = +50%
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7.5.1.10 CRD Flow Transmitter 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 norma! operating
conditions (Section 3.5) '

e2S = 0
7.5.1.11 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
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

e2SP = +0.5 % of URL for 2000 psi
The normal operating pressure (Table 2-11) is 1448 psig. Therefore,
e2SP = +£0.5%.750 INWC . 1448 psig / 2000 psi
=  £2.715INWC
e2SP = +£2.72INWC, rounded
Converting to % span
028P = +272INWC/200 INWC

= £0.01316=132%
Converting % span to % flow

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

028Pypriow = 028P2g3%span / 2
= +132%/2
O'ZSP%HOW = +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/0 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 IO module. The reference accuracy of the SRU is 0.1 % of span. Reference Accuracy
for the /O module is specified as + 0.5 % of span (Sections 2.4.4 and 2.4.5).

A3;; = 0.1 +0.52 =0.5099 = 0.51 % span

Converting % span to % flow
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7.5.1.16

7.5.1.17

7.5.1.18

- 75.1.19
7.5.1.20

7.5.1.21

7.51.22

Rearranging Equation A8-10, 6, = 2 * o ow, to solve for flow (Reference Attachment 8).
Adgriow = A3yspan /2
= 1+051%/2
A3vriow = +£0.255%

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

The manufacturer specifies the /O module operating humidity limits between 0 and 95 % RH (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)

e3H = 0
CRD Flow Loop PPC /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/0O 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). :

e3S = 0

CRD Flow Loop PPC 1/0 Module Static Pressure Offset Error (€3SP)

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

CRD Flow Loop PPC I/0 Module Ambient Pressure Error (e3P)

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

CRD Flow Lodp PPC I/O Module Process Errar (e3Pr)

The I/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 transmitter. Therefore,

e3Pr = 0
CRD Flow Loop Accuracy (LAcrp_fiow)

LAcro_fow = [(A1)? +(e1H) +(e1R) (e1P)2 (e1T)2+(e1S)2+(e1SP)2+(A2)2+(c2P82)2+
(c2T) +(e2H) +(e2R) +(e28)? + (e2V)? + (e2SP)* + $e2P)2+(e2T)2+(A3)2+
(e3H)? + (e3R)? + (e3S)* + (e3SP)? + (e3P)’ +(e3Pr)]

=[(1)+ o) +(0) (0) () (0) + (0)° +(0.25)° +g0 +(2049) + (0 502)”2
(0) + (0)° + (0.66)° + (0) + (0)* + (0.255)” + (0)* + (0 ¥+ (0 +(0

=+5177183 %
LAcro Fow =%52%
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7.5.2 CRD Flow Loop Drift (LDcro_fiow)
7.5.2.1 CRD Flow Element Drift Error (D1) v
The flow element is a mechanical device; drift error is not applicable for the flow elements. Therefore,
D1 =+ 0.00% Flow
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,; = +(0.25% *URL)
Drift is applied to the surveillance interval as follows (Section 6.2.5):
D2z + ([(24 months + 6 months) / 6 months] *[0.0025 URL] %"
=+ ([30/6][0.0025 * 750 INWC])""?
= +[17.578125]"
= +£4.192627458 INWC

D2,, = +4.19INWC, rounded to level of significance
Converting to % span
D2¢span = = 4.19 INWC/197.5 INWC

= $0.02121=2121%
Converting % span to % flow

Rearranging Equation A8-10, 6. = 2 * orLow, to solve for flow (Reference Attachment 8):
D2kiow =  D2ygpan /2
= 2121 %/2
= +1.0608%
D2yriow = £1.0%
7.5.2.4 CRD Flow Loop PPC I/O Module Drift Error (D3)

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

D3 = 0
7.5.2.5 CRD Flow Loop Drift (LDrwcu_iow)
LDcro_row = % [(D1) + (D2)" + (D3)7"
£[(0)° + (1.0 + (01"
=+ [1)"
LDcroFow =+1.0%
7.5.3 CRD Flow Loop Process Measurement Accuracy (PMAcrp Fiow)

No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMAgrwey fiow = 0

Page 48 of 94



LE-0113

Reactor Core Thermal Power Uncertainty Revision 1
Calculation Unit 1

7.56.4 CRD Flow Loop Primary Element Accuracy (PEAcgp _riow)
No additional PEM effects beyond the effects specified in the calculation of loop accuracy.
PEARwcu Flow = 0

7.55 CRD Flow Loop Calibration Accuracy (CAcrp_riow)

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

Therefore,
CArwcurow = [(A1)7 + (A2)" + (A3)7]"
(1 %) + (0.25 %)+ (0.255 %)]"?
1.06185 %
CArwcu piow = 1.06185 % = rounded to 1.1
7.5.6  Total Uncertainty CRD Flow Loop (TUcrg fiow)
TUcko_row = [(LA)® + (LD) + (PMA) + (PEA) + (CA)]"”
= [(5.2)% + (1.0)% + (0)% + (0)% + (1.1)3"2
= +5.4083 % '

TUcro_Fiow = * 5.4 % of flow

To convert to Ibm/hr, at rated flow of 0.0320 Mlbm/hr (Table 2-1): -
TEcro_mass = * (5.4 %)*(32000 Ibm/hr)
TEcro_mass = £ 0.0017 Mibm/hr
This value is entered into Table 2-1 for the uncertainty associated with CRD flow.
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7.6 RECIRCULATION PUMP HEAT UNCERTAINTY
7.68.1.1 Recirculation Pump Motor Power (Qgp)

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 Ne

_ Brake HP
L5 = T [s (o] R e—
We

Fluid HP

Wa

Mm =
We , motor efficiency;

where Wa =7m - We , motor output to pump (brake horsepower (HP))
np = W , pump efficiency
Wa
Wi = ideal work energy input to fluid system (fluid HP)
WEe = 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 dueto inefficiency.

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

The calculation of the total recirculation pump heat input, Qp, is taken from Equation 6 (Section 6.2.1.3).
Qe = 2. We . (Equation 40)
Motor Efficiency, 7, is 94.8% at maximum speed of 1690 rpm (Reference 4.8.2)
= 2%0.948 * 5.74 MW (based on 7,700 Hp motor (Table 2-1)
= 10.8866 MW
Mult:ply by 3,412,000 Btu/hr per MW to convert to Btu/hr
10.8866 MW * 3,412,000 Btu/hr/MW
37,145,079 Btu/hr
Qe = 37,145,000 Btu/hr, rounded to level of significance

it
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Where, standard conversion factors are:
1 HP =550 ft-Ibys
1t = 7.48 gal
1 W =3.412 Btu/hr
1 HP =0.7457 kW
1HP = 2544 .43 Btu/hr
7.6.2 Recirculation Pump Motor Watt Transducer Loop Uncertainty
7.6.2.1 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).

Al = +(0.2% * 5.74 MW + 0.01% * 10.5 MW)
= £0.01253 MW
Alyo = + 0.013 MW, rounded to tevel of significance

7.6.2.2 Recirculation Pump Motor Watt Transducer Power Supply Effects (c1PS)
Power supply effects are considered to be negligible (Section 3.7). Therefore,
ciPS = 0 _
7.6.2.3 Recirculation Pump Motor Watt Transducer Ambient Temperature Error (c1T)

The Watt Transducer is located in the auxiliary electrical room. This is a controlied environment;
therefore, temperature error can be neglected.

c1T = 0 .
7.6.3 Watt Transducer Humidity, Radiation, Pressure, and Temperature Errors (e1H, e1R, e1P, e1T)

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

elH=elR=e1P=¢e1T=0
7.6.3.1 Recirculation Pump Motor Watt Transducer Seismic Error (€1S)

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

elS = 0
7.6.3.2 Recirculation Pump Motor Watt Transducer Static Pressure Error (€1SP)
The watt transducer is an electrical device not affected by process pressure. Therefore;
elSP = 0
7.6.3.3 Recirculation qup 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 /0 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 2c value (Section 3.4).
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A2, 0.1 +0.5% = 0.509901951= 0.51 %
A2, = +051% *range
A2z, +0.0051 * 10.5 MW = 0.05355 MW
7.6.3.4 Recirculation Pump Motor Watt Transducer PPC 1/0 Module Humidity Error (e2H)

The manufacturer specifies the /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 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 1/0 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/O 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 = 0
7.6.3.7 Recirculation Pump Motor Watt Transducer PPC I/0O Module Static Pressure Offset Error (e2SP)
The 1/0 module is an electrical device and therefore not affected by static pressure.
e2sP = 0
7.6.3.8 Recirculation Pump Motor Watt Transducer PPC 1/O Module Ambient Pressure Error (e2P)
The I/O module is an electrical device and therefore not affected by ambient pressure.
e2P = 0 .
7.6.3.9 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. Therefore,

e2Pr = 0
7.6.3.10 Recirculation Pump Motor Watt Transducer Loop Accuracy (LAg)

LA, = :[(A1) +(cs1PS) (01T) (e1H) +(e1R; (e1P) +(e1T)? +(e1S) + (e1SP)’ +
(A2) + (€2H)* + (e2R)? + (e2S)? + (€2SP)° + (e2P)’ + (e2Pr)]'?
= £[(0.013)° + (0)° # (0)° + (0) + () + (0) + ()" + (0)° + (0)° + (0.05355)° + (0)° + (0)” + |
(0 + (07 + (0)* + (0)]'* :
= +0.05511 MW ]
LAp = +0.055MW
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764
7.6.4.1

7.6.4.2

7.6.4.3

7.6.5

7.6.6

76.7

7.6.8

Recirculation Pump Motor Watt Transducer Loop Drift (LDp) '
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% ROY)"™
= [2.5.0.00011025 MW?"?
= 0.016601958 MW
DA = 0.017 MW, rounded to level of significance
Recirculation Pump Motor Watt Transducer PPC I/0 Module Drift Error (D2)

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.

D2 = +0
Recirculation Pump Motor Watt Transducer Loop Drift (LDrwcu_riow)
LD, = +[(D1)*+(D2)]"
= £[(0.017)* + (0Y1"?
LD, = 0.017MW

Recirculation Pump Motor Watt Transducer Process Measurement Accuracy (PMAg)
No additional PMA effects beyond the effects specified in the calculation of loop accuracy.
PMAP = 0

Recirculation Pump Motor Watt Transducer Primary Element Accuracy (PEAp)

No additional PEM effects beyond the effects specified in the calculation of loop accuracy.
PEA, = O

Recirculation Pump Motor Watt Transducer Loop Calibration Accuracy (CAg)

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

Therefore,

CA- =  [(A1Y +(A2))"?
= +[(0.013)° + (0.05355)*|'"
= +0.05511

CAr, = +0.055MW

Total Uncertainty Recirculation Pump Motor Watt Transducer Loop (TUp)

TUp = +[(LAY + (LDY + (PMAY + (PEA) + (CA)Y'?
= +[(0.055) + (0.017)% + (0)? + (0)? + (0.055)])2
= +0.079618 MW, round to  0.08 MW | |
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7.7
7.71

Converting to % motor power
TUp = +0.08MW /574 MW

=  +£0.013937
= +14%

DETERMINATION OF CTP UNCERTAINTY
Numerical Solutions for the Partial Derivative Terms

LE-0113
Revision 1

Solutions are found in two parts by first substituting values from Table 2-1 into Equations 20 through

27, as shown.
dCTP :
={hg (Ps) — he (T,
ST - (oo Ps) ~ e ()
= (hg (Ps) - he (427.1 °F)) Btu/ibm
(Reference Equation 20)
= (1190.0 - 405.30)Btu/lbm
= 784.70 Btu/lbm
ocTP =Wgy = 15,255,000 lbm/hr {Reference Equation 21)
ohs(Ps)
_ecie = — Wy = 15,255,000 lbm/hr (Reference Equation 22)
ohe (Tew)
_octp =1 (Reference Equation 23)
0Qcro_out ,
ﬂ_ =—1 (Reference Equation 24)
0Qcro_iN
6CTP =1 (Reference Equation 25)
dQRrap
_ocip =1 (Reference Equation 26)
0Qrweu
oCTP =—1 (Reference Equation 27)
8Qp '
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7.7.2  Component Uncertainty Terms

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

7.7.2.1 Feedwater Mass Flowrate Uncertainty

Ty = 42,714 lbm/hr (Section 7.1)

w,

7.7.2.2 Steam Enthalpy Uncertainty

2 2
ay . (Ps.l,) = E]E(—PS—) *gpl+ M * g, 2 (Reference Equation 31)
he S0 AP P Al "
S o

The nominal steam dome pressure is evaluated for saturated steam at 1060 psia (Reference 4.9.10) |
with an uncertainty of + 20 psig (Section 7.2). Steam table interpolation error is taken to be one-half of
the least significant figure shown, i.e., + 0.05 Btu/lbm for 1190.0 Btu/lbm. [n Equation 31, the partial
derivative with respect to interpolation of the enthalpy value from the steam table (Ahg(lg)/Alo) = 1,
because this represents the enthalpy as read from the steam/pressure curve divided by the enthalpy
as read from the steam/pressure curve. Enthalpy values are from Reference 4.9.3.

2 2 2 2

h6(1080) — he(1040) Y ( Btu/Ibm . Btu/lbm Btu

Ps.ly) = | =& G * ————| *[0.05—
%o (Folo) \/( 1080 — 1040 o) @0 rsif R e | 7 (0%

2 2 2 2

’ 1190.2 — 1191.9 \( Btu/ Ibm Btu / Ibm Btu

_ * (20 psi 1| ——— | *|0.05—
[ 1080 ~ 1040 ]( psi ] @ pSI)2+()2(Btu//bm) ( Ibm)

= 0.85147 Btu/ bm

One (Ps, lg) = 0.85 Btu/ibm, rounded to the inherent uncertainty of the steam table.
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7.7.2.3 Feedwater Enthalpy Uncertainty

2 2 2
th(TFW,PFW,IO) = J(Ml) . ch2 + (_Ah_AFéi)) * c,,z +(%) .0,02 (Reference Equation 33)

AT o

From Table 2-1, feedwater pressure is given as 1155 psig (1169.7 psia) + 10 psi and feedwater
temperature is given as 427.1 £ 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. In
Equation 33, the partial derivative with respect to interpolation of the enthalpy value from the steam
table (Ahg(lg)/Alg) = 1, because this represents the enthalpy as read from the steam/pressure curve
divided by the enthalpy as read from the steam/pressure curve.

he(427.67) — he{426.53)Y 2
= ) — het )} (Btu!lbm (05T} +
427.67- 426.53 °F

2 2
he(1179.7) — he(1159.7 Btu/lbm ;
p (Tew Pewo 1) = ( at )= el )] ( ] * (10psif +

1179.7 — 1159.7 psi
2. 2
(l)z Btu/lbm . 0.005%
Btu | ibm

Ibm

(0.57°FF +

406.28 — 405.04 2(Btu//bm 2
427.67 - 426.53 °F

2 2 2 2
405.67 — 405.65 Btu//'bm . (10 psi)z +(1)2 Btu/ibm «10.005 %
1179.7 -1159.7 psi Btu ! lbm Ibm

- 0.6201 3
Ibm

' Btu . .
on Tew:Pew.15) = 0.620 e 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
mass flow rate uncertainty, xcrp. is 5.4 % of flow (Section 7.5.6). The uncertainty is determined for a
temperature of 97.2 °F £ 0.7 °F (Table 2-1) and a pressure of 1448 psig (1462.7 psia) + 10 psi
{Sections 2.4.2 and 3.11). Enthalpy values are from Reference 4.9.3.

Th'e variation in h;is shown below.

2 2
hf(97.9)- hf(96.5) (Btu {tbm « (0.7F
97.9-96.5 °F

2
L (hr(472.7) - hf (1452 7" ( Btu / tbm * (10psi
1472.7 — 14527 °F

O pnf (TCRD ) =

97.9-96.5 °F

2
(69.180 ) - (69.127 Btu/lbmj e
0
+( 1472 7-1452 .7 o5 |~ (10psi)

2 2
((69.848)—(68.458) (Btu /Ibm) v (0.7°F )

= 0.696 Btu/ibm
Converting oy to % of hy
=+ 0.696 Btu/lbm / 63.153 Btu/lbm
=+0.01006 = £1.01 %

The SRSS method is used to combine the mass flow rate and enthalpy uncer{ainty terms.

Xcrooutr % = 4542 11,01 =5.5% =6 %, conservatively rounded up

%Qcmoor = Xcro_out % + Qero_our (Reference Equation 34)
Using steam enthalpy (1190.0 Btu/Ibm} and CRD mass flow rate (0.0320 Mlbm7hr) from Table 2-1:

TQmon =46 % * ho(Ps) * Werp
=+£6 % *(1190.0 Btu/lom) * (0.0320 Mib/hr)
=+ 2,284,800 Btu/hr
= £ 2,285,000 Btu/hr, rounded to level of significance
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7.7.25 Control Rod Drive Inlet Energy Uncertainty

The control rod drive inlet energy uncertainty is dominated by the uncertainty of the mass flow rate.
CRD mass flow rate uncertainty, xcro, is taken at + 6 % of mass flow, conservatively rounded up from
the + 5.5% mass flow uncertainty in Section 7.7.2.4). The CRD mass flow (0.0320 Mib/hr) and
enthalpy (68.0 Btu/lbm) are from Table 2-1.

Qoo N = Xcrp i % + Qcro_m (Reference Equation 35)
=+ 6 % * h{CRD) * Wcrp

+ 6 % * (68.00 Btu/lbm) * {0.0320 Mibm/hr)

+ 130,560 Btu/hr

=+ 131,000 Btu/hr, rounded to level of significance

it

7.7.26 Reactor Pressure Vessel Heat Loss Uncertainty

Reference 4.8.3 determines the Unit 1 reactor heat loss as 0.89 MWt. A conservative variance of 10
% of the heat loss rate is used to estimate the heat loss uncertainty.

OQuo = Xgap % - Qrao (Reference Equation 36)

=+ 10 % * 0.89 MWt * 3,412,000 Btu/hr / MW1
=+ 303,668 Btu/hr
7.7.2.7 RWCU Heat Removal Uncertainty

The RWCU flow loop uncertainty is + 2.3 % of mass flow (Section 7.3.6). The RWCU temperature
measurement uncertainty is + 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. From
Table 2-1, the RWCU suction and discharge enthalpies are:

hF (Tchu.s) = 530.6 Btu/lbm hF (TRWCU-D) = 418.4 Btu/lbm

Qrwcu = Xeweu % + Qrweu (Reference Equation 37)
Xrweu is set + 2.3 % based on the mass flow uncertainty
Remembering that QRWCU = WRrwcu * [hF(TRWCU-S) - hF(TRWCU»D)] (See Equation 9)

Wewey = 154,000 %?(Pump A) and 133,000%3 (PumpBandC)

_(Section 2.2.1)
Maximum heat removal occurs with Pump A running, therefore, Wrwcu = 154,000 Ibm/hr.

O Quwey =23 % Wgweu ' [N (Trweu-s ) = i (Trwcu-o )1
Oarweu = * 2.3% * (154,000 Ibm/hr) * (530.6 — 418.4) (Btu/lbm)

Oq-rwCU =_i 397,412 Btu/hr
= + 397,400 Btu/hr, rounded to level of significance
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7.7.2.8 Recirculation Pump Heat Addition Uncertainty

7.8

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, ogp. Qp is 37,145,000 Btu/hr (Section 7.6.1.1).

Ca;, =iy %. Qr
=+ 1.4% * 37,145,000 Btu/hr
= 1 520,030 Btu/hr

Oq,

e =1 520,000 Btu/hr, rounded to level of significance

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)

LE-0113
Revision 1

{See Equation 38)

oCTP
W ey

e (Tew )
Uerp =

Qcro_IN

oCTP

aQRWCU

oCTP
Wew

scTP
ENCA

8CTP

e . _W
D
ocTP _ _,
8Qcrp_out
_ocC1P =_1
0Qero_in

[

8CTP ]

6CTP ]

2
2
* (GhF(TFw)) } + Hm

2

*
(GQCRD N )2 -+

= (e (Ps) - he (Tew)

oCTP

2
2
“Come)
UQchu +

|

2
ahG(PS)J *<"hG<Ps))2]+
2
] *(UQCRD_OUT)Z +

oCTP

(=) bot]
'+t )2} |

oCTP
Qe
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8.0

aCTP _

3 (Reference Equation 25)

RAD

afgCTP =1 (Reference Equation 26)
RWCY :

oCTP =—1 ’ (Reference Equation 27)

0Qp

Substituting the previously determined values for the variables shown gives:

Btu

bom b oas B
(‘78470 bm) (42 714 hr)] [('15,255000 hr’ (o 85 == )]+

) (0 620 @J ] [(]1])2 (2285000 %) ]+
(-1|p (131 000 ?.t_”) J [(]1|)2 (303568 @J J

((W)Z [397 400%) J {(]1])2 (520 000 %) }

Uerp = 37,239,573 Btu/hr
Ucrp = 37,240,000 Btu/hr rounded to level of significance
Divide Ucre by 3,412,000 Btu/hr to convert units to megawatts thermal (MWt)
Ucre = (37,240,000 Btu/hr)/(3,412,000 (Btu/hr)/MWH)
Ucre = 10.91442 MWt = 10.914 MW, rounded
Limerick MUR rated thermal power megawatts = 3515 MWTH

_ Ibm
(' 15255000 11

Uctp =

The uncertainty in the CTP calculation performed by the Plant Process Computer as a percentage of
MUR rated thermal power is:

Uerpao = 10.914 MWTH / 3515 MWTH = 0.00310 = 0.310%

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

- CONCLUSIONS

The total uncertainty associated with reactor thermal power (heat balance) calculation performed by the

Plant Process Computer is 10.914 MWTH or 0.310 % of the MUR rated reactor thermal power limit of
3515 MWTH. This is a 20 value.
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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 25, 2008 8:58 AM

To: Kimura, Stephen; Shah, Pravin

Ce: Oconnor, John: Low, Richard

Subject: " CRD Drive Water Discharge Temperature
Pravin:

CRD Drive Water Discharge Temperature is messured by TE-046-103 (Unit 2 TE-D46-203), 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 09124/09, the RTDs supplied to
Limerick Unit 1 are 100 ohm platinum. The mode! number 10457-8785 specified in PIMS i the TemTex
drawing number. The RTD was manujactured to the industry standard YEC-751, which means the accuracy is
+{- 0.12% (of resistance) at 0°C, commonly knows as Class B. Therefore the RTD will provide an accuracy of
+7-0.3°C at 0°C (+/- 0.54°F at 32°F). The “Temperature Coefficient of Resistance” (TCR), as so called the
ALPHA, is the average increase in resistance per degree increase. The TCR of a platinum RTD is 0.00385
0DIICe, :

The range of TE-046-103 is 0 to 200°F (-17.78 {0 93.33°C). The overall accuracy is conservatively calculated
at 93.33°C (200°F), which is +/- 0.353°C {+/- 0.85°F). Therefore, temperature acouracy of TE-046-103 used is
raunded to +/- 0.7°F.

John E. Pehush, P.E.

Washington Group URS

Supervising Discipline Engineer - 1&C
{609) 720-2274 w

{609) 216-1392 ¢
John.Pehush@wgint.com
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Attachment 2
TODI A1695446-801 - Steam Carryover Fraction Design Input (1 page)

EXELON TRANSMITTAL OF DESIGN INFORMATION

[ JSAFETY-RELATED :' ' Originating Organization Tracking No:
(XINON-SAFETY-RELATED || [<JExelon

[JREGULATORY RELATED | [JOther (specify) A1695446-80
Station/Unit(s)_Limerick Units 1 & 2 Page 1 of 1

To: John Pehush
WGI - Mid Atlantic

Subject: Transmittal of information,

Steve Dragovich O&f ﬂ/w" 11125409
Preparer parer's Signature Date
Chris Wiegand W / // Z J‘/ﬂ
Approyer . i ' /D
VI,

/ Déte

4 ;
7 MUR Project Reviewer
For Quality/Completeness

Status of Information: [JApproved for Use MUnverified

Description of Information:

The following information was requested by URS Washington Division (WGI) for input to Limerick’s core
thermal power (CTP) uncertamty 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 1 & 2).
Source Documents:

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

t
[3

Distribution:

Original: Limerick file ) ‘
CC: Ray George, Electrical Design Manager, Limerick
John Pehush, 1&C Lead, WGI - Mid Atlantic
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Attachment 3
Rosemount Nuclear Instruments customer letter to Grand Gulf (2 pages)

Rosemount Nuc|ear lnstruments Rosemount Nuclear instruments, Inc.

12001 Technotogy Diive
Etten Prame. MN bh044 USA
Ted 1 {612) 826.8252

Fax 11612} £28-8280

i, 4 April 2000

Ref: Grand Gulf 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
rmessage 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 ! 154 Sevies H. According to our understanding, the performance
variables of primary concern are those discussed in GE [nstrument Setpoint Methcedology
document NEDC 31336, namely

Reference Accuracy
Ambient Temperature Effect
Overpressure Effect

Static Pressure Effects
Power Supply Effect

Pl

Itis RNI's understanding that GE and the NRC have accepted the methodology of using
{0 transmilter testing to insure specifications arc met as a basis for confirming specifications are
+30. The conclusions we draw regarding specifications being 436 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 under reference conditions. Finally, we wish to
make clear that no inferences are made with respect to confidence levels associated with any
specification.

I. Reference Accuracy .

All {100%) RN transmitters, including models 1152, 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 +3c.

2. Ambient Temperature Effect

All (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, model {154 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
mode} 1152 and model 1153 transmitters not lested following final assembly indicate

FISHER-ROSEMOUNT
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conformance to specification. Therefore, the ambient temperature effect published in our
specifications is considered +3a.

Overpressure Effect

Testing of this variable is done at the module stage. All (100%) range 3 through 8 sensor
modules are tested for compliance 1o specifications. We do not test range 9 or 10 modules
for overpressure for safety reasons. However, design similarity permits us to conclude that
statcments made for ranges 3 through 8 would also apply to ranges 9 and 10. Therefore, the
overpressure effect published in our specifications is considered +3c.

Static Pressure Effects

All (100%) differential pressure sensor modules are tested for compliance with static pressure
zero errors. Additionally, Models 1153 and 1154 Ranges 3, 6,7 and 8 are 130% tested after
final assembly for added assurance of specification compliance. Audit testing performed on
ranges 4 and $ have shown compliance to the specificatjon. Therefore, static pressure effects
published in our specifications are considered +36.

Power Supply Effect

Testing tor conformance to this specification is performed on all (ransmitters undergoing
sample (audit) testing. This variable has historically exhibited extremely small performance
crrors and small standard deviation (essentially a mean error of zero with a standard deviation
typically fess than 10% of the specification). All transmitters tested were found in
compliance with the specification. Therefore, power supply effect published in our
specilications is considered +3a.

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

Sincerely,

Jerry L. Edwards
Manager, Sales, Marketing and Contracts
Rosemount Nuclear Instruments, Ine.

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

\LEIEIES,

PEABODY, MA 01960

" POTENTIOMETER INPUT CARD ANDS5500

SPECIFICATION
2-15227 REV 01
First Used On: ANDS5500 Page 1 of 8

L Code Ident: 1BMO0___

_File Name: 2-15227rev01.doc Printed: _ April 4, 2003

REVISION HISTORY

REV DESCRIPTION DWN APVD DATE
01 SEEE.C.O K.Q RWA 08/25/83

Approvals for Release:

Richard Lane 2/13/03
Originator 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

LE-0113
Revision 1

System. It consists of a power supply and voltage reference, an output muiltiplexer 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.

. SPECIFICATIONS

1. GENERAL
Number of Channels; _ 4
Size and Shape: Approximately 7 ¥2" x 4 V5" x %" (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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ANALOGIC - PEABODY, MA 01960
POTENTIOMETER INPUT CARD ANDS5500
Code Ident: 1BM00

Uncontrolled Document. Source Unknwn

File Name: 2-15227rev01 doc_

2-15227 REV 01 '
Page 4 of 9
Printed: _April 4,2003

b) Excitation Voltage Output (1 per channel)

Voltage Level:
Voltage Accuracy:
Qutput Current:
Qutput Impedance:

Protection:

c) Signal Input (1 per channel)
Input Impedence:

Input Signal Ranges:

Primary Frequency Content:

Signal Source Resistance:

Overall Accurancy: (includes

excitation accurancy)
Protection:

Amplifier Upper Bandwidth:

Input Coupling

INPUT RANGE (F.S) GAIN
+/- Sv- 2
+/- 2.5v 4
+/-1.5v 8

Page 68 of 94

+5v and -5v

+/- 0.2% over operating temperature range

10mA max.

< 0.1 ohm

Tolerate direct short circuit or short to

+/-30vdc protected up to 250v by a
thermistor

10Meg ohm

+/-5v, +/-2 5v, +/-1.25v, +/-500mv,
+/-250mv, +/-125mv Jumper selected
(see Table 1) and fine adjustment by
trimpot

DC to 100Hz

2800 ohm max.

+/- 0.5% over operating
temperature range

Input protected up to 250v continuous

10Hz, 45Hz and 100Hz (2-pole filter)
Jumper selected (see Table 2)

Jumper selected for either, AC OR DC.
Lower AC bandwidth is 0.5Hz

(see Table 2).

JUMPER 2 JUMPER 3
6to7 9to 10
5to7 9to 10

4106 9to 10




Exelon.

+/- 500mv

+/- 250mv

+/- 125mv

a0
TABLE1.

Reactor Core Thermal Power Uncertainty
Calculation Unit 1

INPUT RANGE (CHANNEL GAIN) VS. JUMPER POSITION

JUMPER 4

BANDWIDTH JUMPER 1

DC to 10Hz ‘ 2t0 3 121013
DC to 45Hz 2to3 1310 14
DC to 100Hz 2t03 17 ta 18
0.5t0 10Hz _ 1t02 121013
0.5 to 45Hz 1102 1310 14
O.StoTOOHz 102 17 to 18

TABLE 2.

CHANNEL BANDWIDTH VS. JUMPER POSITION

d} Analog Signal Output to Bus

Analog Output Signal:

Output Offset:

Full Scale Output Range:

Maximum Output
Voltage in Hiz state:

e) Digital Signal Input From Bus:

JUMPER 5

16t0 17
11t012
15t0 16
16 to 17
1110 12

15t0 16

Ch.1,Ch.2,Ch.3,Ch.4 or
Hiz (high impedance state),

digitally selected

+/- Smv over operating temperature

Range, adjustable to zero by trimpot

+/- 15v
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Attachment 5
TODI A1695446087 Source Document "GE Task Report T0100 December 2009 Revision 001" (6 Pages)

EXELON TRANSMITTAL OF DESIGN INFORMATION

[]SAFETY-RELATED Origingling Organization Tracking No:
CIMON-SAFETY-RELATED | [Exelon e
DHEGULATOHY RELATED § [TlOther (specify) A1695346-87 {rev. O)
Station/Unii(s) Limerigk U3 /U2 Page 101 6 )

. , To: John Pehush - WGL
Subject: Transmittal of information requested by Washington Division of URS (WGI).

Sleve Dragovich & @f LT, 2l / / Z / 22
Breparer Preparer’s Sigt afuire Dato

M Murskyi f%?’»:*/ 227, 1j13 /00
Approvat / A}/pmver 3 S;gcﬁure Date

Al Clseles Uy g
MUR Praject Reviewer MUR Pro]eecr Signature Date

_ For Quality Completeness
Status of nformation: Approved for Use Clusveritied

Dascription of Information:

This TODI provides tha themmal power heat balance dala at uprated conditions (101.65%} based an the linal
G.E. Task Report 70100, Decambier 2009, Revision 1. This information is baing supplied to WG for
incomoration as a revision to the Limerick Core Themma) Power uncertainty calcutations {CTP) LE-0113 and
LE-O114, units 1 and 2 respeciively,

Attachments 10 this TODI include a mark-up to the “design inputs” page of each CTP calaulation. In addition,
Figure 3-3, “Reactor Heat Balancs — Revised TLTP (101.65% CLTPY trom G.E, Task Regoart TO100 i3 afso
included to show the saurce of the revised information,

Pumese ol Issuance and Limitations on Use: This information is being supplied solefy for the usa of tewsmg the
t.iinarick Core Themmal Power uncertainly galculations L-0113 (Unit 1) and L-0114 (Unit 2),

- Source Documents.
GE. Task Repart TO0D, December 2009, Revision 1.

Distritation:

Origina): TOD tile

C: Aay George, Manager Design Engineering, Limarick
Aflan Charles, Power Ugprate Site Enginear
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A1695476 -87
i’a&.e A ef L

Heactor Gore Themnal Fower LE0143
Uncertainty Caleulation Unit 4 Revizion Q
Table 2-1.
Design Inputs
. sernint
Descripticn MB:" :ag Gopny;:: er Nominal Value Uncertainty u”a’;’;" Y
A - 3-038mtim 0005 ,
CRD Emhalpy NiA WA 'é"_'umsamag; Bt {Ret 4.8.3]
{Rab-4.S3-Atachment By,
CAD ¥ator Flow o
T TE-046-103 A0 47, 2 400 Fiftshaty +0.7°F  [(Pck, Atachiient 1)
' Tamperaturg
CRD Water Fi 7046 Neminat Pl
aler Flow . - ) = o P
Pnte 1004 A lp g3y esGRM-Mihafid 5.4 % {Section 7.5.6)
3 $60:-F+ Blwihm
ot %M 1 20005 ;
Enthslpy PIA NfA Hao = Blutan IRar. 4.8.3)
Faedwaier Masa ' - . -
Flow Rata {LEFM | 10-Caas N (/5 45538@0Mbmde £0.32% (Ref. 4.6.6)
¥ Systom} .
Feedwator L 1158 PSIG . ,
froasura NA NiA ol A1) + 10 ¢sig {Section 3,11}
=
Foedwater TELOG- ATdd s (42 9 +308-F
Temperahito IMO4IAF A1750 ] 4 £0.57 ¢ (Rl 4.3.6)
Radiated Raacior €.89 MV (U1)
Presgaese Vessal A A ) £10% (Secsion 3.12)
{FPV) Hast Loss 1.04 MW (U2)
(Rat. 4.8, Sec. 2.0}
) » L0 1043-RSIG ¢ $1q
Raacior Dorne BT-042- E1234 / %m»—ﬁeiﬁ&er +20 peiy iRet. 4.8.8)
Pressure 1N0aa : Tablo-6-++) #
Saturated Stemm /4.0 SR FARILIE
Enthalpy CONA A 2043 peigoan- F | +0.05 Biuibm (el 4.9.3)
{Bet ARIpArRshmont-S
Prwiscudgiion )
Prusmp Motar 1 B F201 1A 94.8 % (Altz:hment 10 & A NiA
Retf 4.6.2)
ettkloncy
Recroulanon - ] o ”
Aump Matar 1A8)-P2a1 WA fm? Hp ﬁ"’f ol =14 % ‘Soction 7.6 3)
Foaver {Ref. 3.3
v .‘/—44%3. Blwtm .
AU Dfschargs A A L"'{, 3065 apd 4168 24 gzr‘ % 0.008 {Ral. 4831
Enthalgy i ) : : i BliShen {Rar. 483

A New Rference © 6.€, Tose 2epert joa
Dewmber 206y TWERINE
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AlL95446~87
fuge 3of b
Reactor Cora Thermal Pawer LE-013
Uneadainty Calculation Unit 1 Revision 0
Talye 2-1.
Design Inputs
. Inst. T & M : !
Description MNO‘ “ c;!‘l,;l::'e; Hominat Value Uncertatnty U"CB':'::':" 4
RWGU Qischarge TEQ44. —A405F . '
Tamperature 1NO15 at742 qu{gm o - £ 487 {Saciion 7.4.6)
AWCL Intet Flow | ' ) S
FT-049- 360 GPM (#ax) i
A : AR 3w o a,
ate 1NO3BA Rof. 4.5.11) £2.3 {Seclion 7.3.0)
FHWCU Regan | , o _
Heat Exchengar | - TEO34: gy |5303 =l aa7F | (Section?.4.8)
Inlet Temperatwe Soction a2 .
AWCU Suction |
Enthalpy HA na D bSReeRRm z o008 (Rl 4.9.3
W_ : ;

# New B lecence s GE Tast Cagect TGIGO
Vetember Zech
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r—lwel Aeaclor Cora Thermal Powar ~ LEO14
Sy A Uneertainty Caluiation Unit 2 Revision 9
Table 2-1.
3 Design Inpits
s Inst. Tag Computer Uncertainty
Daseription ] Ne, Patm Nominat Yalro Uncorainty Basis.
$8:0 135 Bnviom - 0.008
CHD Entharpy /A MIA OBt 448 coly)- Beiam (Faf. 4.5.3)
: <A I ARashmORGH
CRD véater Flow
-Bisehnrgo- TE-036-203 A2201 |47, L 30 FiBshdt) £0.7°F | (Rel, Atachmen 1)
Tomperaturs A
tsominal Paw
GRD Fi T-045- N
D Water Flow | 045 2T (0,032 e iy 4% | (Secttn756)
ARG SR .
_ # .
Feedwaler Yos, 3 460 Brulbm X +0.005 )
Enthalny A A fmamﬁ_ g Bl {Ref, 42.5
Faedwator Mass 7 P v
Flow Fate (LEFM | 20-C88% wa /5255 SRR M 1032% (et 4.5.6)°
<4+ Systam) - s
Feedntler 1155 FSIG . s
Procsure N piA Hetaan) + 1o (Howtan 3%
Faodwatef TR0 | arsams | 7277 48049 .
Tempersturo 2NIA1AF A2ISD | ot dd Fasasrtay | S0OF {Ret, 4.6.8)
*
Aadiated Reacior q .
)09 A (U1}
Pregsura Veees| MNeA HNIA £ 10 %, 2 3.9
(RPY) Haal Loss 1.06 MY (UZ) (Sactian 3.12}
{Rel, 48.3, Sec. 2.0)
o Dot prod2 1060 vasmsa L5
Aagetor 2 J E2234 A : 1. % 20 psi Red. 4.4.8)
Frossurs 2N00B ﬂmmmi 2 20 psig 4 i
Saluraind Steam ] [0 F+4811 Brutbrm
Emhalpy A NA {943 psigeeat K | £ 0.G5 Brem i, 49.3)
Reteculation o s ) -
Fump Watar ' 24(8)-P207 N 94.5 "gg’,"‘f’;’;‘“‘ 0% oA, HA
wfconcy 452)
 Recimiane R - '
BTl ansy + «
7760 Hp {5.74 MW} . . )
Purnip b (1] 4 4% (S A,
Fﬂ‘:: Aoior 1A{B)-PR A Pet. 3.3 LAY {Secton 7.9.6]
T - T gig A vamnuem g
 FECU Discrarge : 1, faapyn 4 5 0518 -
Enhainy MIA NiA HSOF g b I8 polgy EnTom {Reh 427
4 . .

¥ New Celerenia s G E Tosk Copert T Uhage 8o 40
Decoeaar 2o
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MLaS4HL ~ g7

E;( : %3 L Reactar Core Thesrnal Power LE-0114
=P 5 o e Uncentabity Cakulatcn Unit 2 Ravigion 0
Design inputs
y o - g ! - e o . - =1
_— Ingt. Tag | Camguter , o Uncedainty |
Descriplicn ey yg Point Norninal Valus Uncemainly Basis
HWOU Discharge | TE044  § ., ) e .
Temparaturs : enms | PR . Zf} {3 boedd7°F (Sectlon 7.4.8)
i
AWCU inlet Fhow LA P | i
i ' ET-Nd4- . 30 GPM [Mast : y 3
Rals ENIGA A371a v Rel. 4511 £2.3" \ (Sention 7 30
AWCL Regon e 2 camer i ,
TE-044 e 305 H2F ki 7 45
Heat Exchangar j AZ731 5372 i ¥ 9 15ection 7 4.5}
inlet Tarnparaiurg 2h0D4 4BastiondReli~ 4.37 °F
AU Bucion | - '
Enthalpy ‘ HiA N/A a&f;ﬁ (P, 49,5}

£ pNew QQ-[;’.'fﬂnCﬁ.. Y {rE, Tost fg;bﬁ- Toeo
veember 2o
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. ) >
A1645 Y96 -87
[ 7{19: C’ of c’ :

A500-0099-239T-A § TATK REPORT TO10

GEW FROFPRASTARY SHFORMATION

Figure 3-3: Renctor Heat Bolance - Revised TLTP (~101.65% CLTP)
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Attachment 6
NIST Thermophysical Properties of Water

Isobaric and Isothermal Properties of Water

Temperature Pressure Density Volume Enthalpy Phase
(F) {psia) (Ibm/ft3) (ft3/Ibm) (Btu/lbm)
97.200 14527 | 62299 0.016052 69.127 liquid
97.200 1462.7 62.301 0.016051 69.153 liquid
97.200 1472.7 62.303 0.016051 69.180 liquid
96.500 1462.7 62.309 0.016049 68.458 liquid
97.200 1462.7 62.301 0.016051 69.153 liquid
97.900 1462.7 62.292 0.016053 69.848 liquid
530.90 1074.7 47.275 0.021153 525.50 liguid
535.30 1074.7 46.987 0.021282 531.00 liquid
539.70 10747 | 46.693 0.021416 536.56 liquid
535.30 1064.7 46.980 0.021286 531.02 liquid
535.30 1074.7 '46.987 0.021282 531.00 liquid
535.30 1084.7 46.994 0.021279 530.99 liguid
427.10 1159.7 52.801 0.018939 405.65 liquid
427.10 1169.7 52.804 0.018938 405.66 liquid
427.10 1179.7 - 52.808 0.018936 405.67 | liquid
426.53 . 1169.7 52.830 0.018929 405.04 liquid
427.10 1169.7 52.804 0.018938 405.66 liquid
427.67 1169.7 52.779 0.018947 406.28 liquid

Saturated Steam (Water Vapor) Properties

Temperature Pressure Density ‘Volume | Enthalpy Phase
(F) {psia) “lbmi/fi3) (f3/Ibm) Btu/lbm)
549.43 1040.0 2.3426 0.42688 1191.9 ‘vapor
551.77 1060.0 | 2.3934 0.41781 1191.1 vapor
554.08 1080.0 2.4446 0.40907 - 1190.2 vapor

"Thermophysical Properties of Fluid Systems" by E.W. Lemmon, M.O. McLinden and D.G. Friend in NIST
Chemistry WebBook, NIST Standard Reference Database Number 69, Eds. P.J. Linstrom and W.G. Mallard,
Nationat Institute of Standards and Technology, Gaithersburg MD, 20899, http://webbook.nist.gov, (retrieved
January 22, 2010). v '
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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 from Cases 1, 2 and 3. For this analysis, the error rate assumed for Qs 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 Qrap, Qrweu, Qp, and Qcro
terms are varied from 1 % to 19 % (29 % for Qxq). Case 1 and Case 2 show that CTP is relatively insensitive to
the accuracy of the Qrap, Qrweu, Qp, and Cerp terms, when the CTP error is rounded to level of significance.

Case 3 varied the error rate assumed for Qs. A step change in the mass flow error rate of 0.01 % (from 0.31 %
to 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 Qs and Qg
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 enthalpy 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 fo be accurate
to about ~10 psig, which is approximately 1 % of the maximum allowable steam dome pressure.

Table A7-1. CTP Calculation Sensitivity Analysis

Sensitivity Analysis ’
Case 1 Case 2 Case3

Predicted Predicted Predicted
Energyin  Assumed error as Assumed error as Assumed  error as
percentof emorrate Percentof  error rate Percentof  error rate Percent of
. CcTP Case 1 CTP Case 2 CTP Case 3 CTP
Energy Out
Qs 18,030,078,635 Btuhr 152.70% 031% 0.473% 031% 0.473% 0.32% 0.489%
Qgran 3,754,300 Btumr 0.03% 1% 0.0003% 10% 0.003% 1%  0.000%
Qcu 16,407,160 Btuhr 0.14% 1% 0.0014% 10% 0.014% 1% 0.001%
Q out 18,060,240,095 Btuhr 152.87%
Energy In
Qrw 6,201,235,621 Btuhr 52.52% 031% 0.163% 031%  0.163% 0.32% 0.168%
Qp 37,146,642 Btuhr 0.31% 1% 0.0031% 10% 0.031% 1%  0.003%
Qcrd 4,578,000 Btuhr 0.04% 1% 0.0004% 10%  0.004% 1%  0.000%
Qin 6,242,960,263 Biuhr 52.87%
CTP
Qcre 11,807,279,832 Biumr SRSS alt error terms’  p,500% 0.500% 0.520%
SRSS only Qs and Qfw error terms’  0.500% 0.500% 0.520%
*Error rounded to 3 significant figures
Convert to MW
Biwhr per W 3.412
Btwhr per MW 3,412,000
n MWt
Q out 5,200 MWt Relative errors MWt
Qin 1,830 MWt Case 1 Case 2 Case 3
CcTP ’ 3,461 MWt +17.31 MWt +17.31 MWt + 18.00 MW

*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 nozzles, and
venturis is

Q=C-yp-aP , 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,

eI i}
Q, AP,

(Equation A8-2)
if the variation around some nominal flow, Qq, is equal to some known uncertainty, o4, then

Qy=Qq *(1-0q)and Q; =Q, *(1+04) (Equation A8-3)

Similarly, if the variation around some nominal differential pressure, APy, is equal to some unknown
AP uncertainty, oy, then
APy =P, *(1-0,)and APy =P *(1+ 0, ) (Equation A8-4a)

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

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

Qp*(1-0y) [Py *(1-0, ‘

Qp *(i+ay)  VPo *(1+0,) AP (Equation A8-5a)

Q,*(1-01) _ [po *(1-0,
Q, *(+a1) Voo (+0)) tor (Equation A8-5b)

Crossing out like terms from the numerator and denominator, rearranging, and squaring both sides
yields

{(1—01)}2 _(1-04)
h + 0y ] ﬁ + Oy ) 4 (Equation A8-6)

Equation A8-6 can be simplified by defining a new function of o:
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AB-1.2.

(1+04)

Substituting Y(o+) into Equation A8-6 and rearranging, gives

(0_1 )2 (1 - Ux)

Y(U1)=

Al e
(1+ 04) Ylo1)* = (1-0)

(Vo + Y(o1)? -0 )= (1-03)

LE-0113
Revision 1

(Equation A8-7)

{Equation A8-8)

Solving for o,, gives the relationship between the uncertainty o,, for either AP or p, and the known

uncertainty of flow, 1.

(Equation A8-9)

Table A8-1 shows the relationship between the uncertainties in pressure or density, o,, and the
uncertainty in flow, o, 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 %.

Thus for small flow uncertainties, small o4, Equation A8-9 can be simplified as a linear function flos), .
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.

Ox=N.0q,

The Limit of n

(Equation A8-10)

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

=5

[ngLim [1’1%} =Lim( 1-Y(o, ]

o4 640 e o0 o, 1+ Y(0.1>2

Recalling Y(o1) and expanding Y(c1)2 in terms of o4

1-20',+012
2 - 2
Lim 1-Y{o,) - Lim 1+ 20, + o, _
010 0-1l1+Y(0-1)2-’ oy~0 1:1+ 1-20’1+O'12 }
O

1+ 20, -1»0'12
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Lim (1420, + 0,2 )-(1- 20'1+cr12) Climl 4o
w0 o1+ 20, + 02 J+ (1-20y 4012 ||] =% 042 + 20,2

4
le[ ]
o0 [2 + 20, ) , which after substituting 0 for o, gives

Lim(n)=2

0y=0
A8-1.3. References

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

Table A8-1.
Relationship between a4, Y(o1), o5, and n
N Vo= 5. =Y r=io)= 2
+0y 1+ (o, f o
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
50% 90.5% 0.100 1.995
10.0 % 81.8% 0.198 1.980
15.0 % 739 % 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 % 429 % 0.690 ' 1.724
450 % 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 % 21.2% 0.914 1.406
70.0 % 176 % 0.940 1.342
750 % ' 14.3 % 0.960 1.280
80.0 % 11.1 % 0.976 1.220
85.0 % 8.1% 0.987 : 1.161
90.0 % 5.3 % 0.994 1.105
95.0 % 26% 0.999 1.051
100.0 % ' 0.0% 1.000 1.000

Page 80 of 94



LE-0113

E%@@ﬁ Reactor Core Therma!l Power Uncertainty Revision 1
H L]

Calculation Unit 1

Attachment 9

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

Exceltronic wart and var transducers
provide utility and industrial users witha
high degree of accuracy for applications
requiring precise measurements. These
transducersprovideade-outputsignal
proportional to input watts or vars. All
models are available with a wide range of
inputand outputoptions.

¢ Accuracy to 0.2% of reading ¢ Substation monitoring ¢ 0to 1 mAdc

¢ Exceptional retiabitity ¢ SCADA ¢ 1-5o0r 1-3-6 mAdc

¢ Excellent long-term stability ¢ Energy-managemént ¢ 4~20 or 4-12-20 mAdc
systems

¢ Self- or externally powered ¢ 10-50 or 10-30-50 mAdc

¢ No zero adjustment required ¢ Distribution monitoring

¢ Most popular models are ¢ Process control

UL Recognized

42

AMETEK® Power Instruments 255 North Union Street  Rochester, New York 14605  Phone: 1-800-274-5368  Fax: 585-454-7805
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Nominal

5A
Range** 0-10A
Overload Continuous 204
Overioad 1 Second/Hof 250 A
Burder/Element 0.2 VA {maximum) at5 A
Nominal 120V
Range** 0-150V
Overload Continuou 20V
Burden/Element 0.035 VA {maximum at 120 V
Input Range 89-135 Vac 100-130 Vac 85-135 Vac 100-130 Vac
|Frequency Range 50-500 Hz 50-500 Hz 50-500 Hz §0-500 Hz
Burden 3 VA Nominal VA Nominal - 3 VA Nominal 6 VA Nominal
] +1 mAde for 5, 28, or 50 mAdec for 41 mAdc for . 5,20, or 50 mAdc for
S d Calibration Std. Caigration, depending on Standard Calib Std. Calibration, depending on
selacted output range* selected output range®
+{0.2% Reading + 8.01% RD} { £10.2% Peading + 0.05% ROD) | +(0.2% Reading + 0.02% AD) { +{0.3% Reading + 0.05% RO)
at 0-200% RO 0-120% RO at 0~200% RO at 0-120% RO
+0.005% /% C .0075% /> € +0.008% /" C +0.012%/°C
20°Cwo+70°C “C10+304C -20*C 1o +60° C -20°Cto+50° T
10 Vde 10 vd
See Thble 2 on page 40. i Sea Table 2 on page 40.
0-10,000 0-10,000 2
<0.5% RO 0.25% RO <0.5% RO <0.25% RO
<400 ms 10 99% < ¥Becond to 99% <400 msto 99% <1 Second to 99%
. Any
+0.1% VA (maximudh) +0.15% VA [maximum)
| £2% of Reading (minimum) | *20%®f Span {minimum) | +2% of Reading (minimum) | +20% of Span (mirimum)
None Required 5% of fero Point {minimum) None Required 45% of Zero Point (minimum}
58-62 Hz 80 Hz
+0.1% RO, 0.15% of Span, +0.2% RO, +0.25% of Span,
N fati ' {ati N lati Noncumulative
0-85% Noncondansing
Complete {Inpu/Dutput/Power/Case}
| 2500 VRMS*** 8160 Hz
ANSI/IEEE €37.90.1

31bs, 5 02. {1.5 kg}

Jotbs. 802 kg

3bs., 502 {1.5kg)

41bs, Boz. 12kg)

44 Wx380x47'H
(112 mm x 99 mm x 118 mm}
Style 1 Case, see page 122

CWx37 D x56"H

(18 mm x 94 mm x 142 mm)
le | Case, ses page 122

A4 Wx 1T DxaTH
(112 mm x 99 mm x 119 mm)
Style il Case, see page 122

FOWxATDx5EH
{178 mm x 94 mm x 142 mm}
Style | Case, see page 122

500-1000 Watts/Element

500-600 Watts/Element

500-1000 Vars/Element

500-600 Vars/Element

\

No addition

tzrrorwimin voltage compliance. Reduce load resistance as required.

* P-Option includes 1-5/1-3-5, 4-20/4~1A-20, and 10~50/10~30-50 mA

<* Totalinpul not to exceed 200% of standd-calibration watls or var:

Totalinput not to exceed 120% of standa
**+Djelectric tevels as indicated for UL Recogjzed models; tevels m

outputs.

Specitications subject to change without notice.

n units with 0 to 1 mAde output.

-calibration watts or vagf on units with P-Option autputs.
vary on non-UL Recogaized models.

LE-0113
Revision 1

AMETEK® Power lnstruments 255 North Union Street

Rochester, New York 14605
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Ordering Procedure
Exceltronic ACWatt or
Var Transducers

Spacify by base model number and appropriata selaction or option sutfixes in the order shown in the following example.

Auxiliary Current  Voltage -RS/Freq.  Option Option External
Base Model No. Output Power tnput Input  Option #1 # #3 Aux. Power
[ Tables Table2  Table3 Table4  Tabled Table5 Table6  TableG Table3 |

0o 11 mAde

ot ——&

P-Option
outputs .__p

Specify Specify || If other than 120 Vac
output input {std.), specify ext.

voltage value aux. power voltage:
69 Vac Aux.,
240 Vac Aux.,
277 Vac Aux.,

or 480 Vac Aux.

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

EXAMPLES:  XL342K5A2-5-1-RS-SM-SC
3-element, 0 to +1 mAdc Watt Transducer; 120 Vac externa! auxiliary power; 10 A input; 240 V input; resistar scaling
{converts current output to voltage output); seismic brace; special calibration (example: 7200 W).
XL382K5PAN7A4-5-1-RS-SM-SC

3-alement, 4-20 mAdc Watt Transducer; internal auxiliary powar; 10 A input; 240 V input; resistor scaling {converts current
output ta voltage output); seismic brace; special calibration {example: 7200 W).

Table 1 Base Model Number Selection

Wett Var Calibration at Rated Qutput
Element Model No, Model No, Connection 5 A, 120V Nominal Input]
1 XL5C5 XLV5C5 Single Phase 500 W or Vars | * 11z- and 2iz-clement onits
1yz* XL5C51172 XLV5C51172 3 Phasa, 3 Wire 1000 W or Vars requiro a balanced voltags.
2 XL31K5 - XLV3IKS - 3Phase, 3 Wire 1000 W or Vars
2" XL31K52i2 XLV31K5212 3 Phase, 4 Wire 1500 W ar Vars
3 XL342KS XLV342KS 3 Phase, 4 Wire 1500 W or Vars

Table 2 Output Selection

Compliance Voltage/ Maximum Open
P-Optijon Gutput Range Maximum Load Circyit Voltage
PANS 1-5 mAdc 15 Vde/3000 30 vdc
PAN? 4-20 mAde 15Vde/150 30 Vde
PANS 10-50 mAdc 15 Vdef300 Q 30 Vde
PANG-B 1-3-5 mAde 15 Vdce/3000 2 30 Vde
PANT-B 4-12-20 mAdc 15 Vdef750 30 Vdc
PANg-B 10-30-50 mAdc 15 Vde/300 Q 30 Vde
PAS 1-5mAde 40 Vdc/8000 Q2 70 Vde
PA? 4-20 mAde 40 Vdc/2000 Q 70 Vdc
PAB 10-50 mAdc 30 Vdc/600 Q 70 vde
PAG-B 1-3-5 mAdc 47 Vdc/8000 Q 70 Vde
PA7-B 4-12-20 mAdc 40 Vdc/2000 2 70 vde
PAS-B 10-30-50 mAdc 30 Vdce/600 Q 70 Vde

M

AMETEK® Power Instruments 255 Nosth Union Street  Rochester, New York 14605  Phone: 1-800-274-5368  Fax; 585-454-7805
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Ordering Procedure
Exceltronic AC Watt or
VarTransducers

Table 3 Auxiliary Power Supply Selection

Option Description Input Range Freguency Range Burden
(01011 mAde Units)
A2** External Auxitiary Power (120 Vac std.)  85-135 Vac 50-500 Hz 3VA
A4 Internal Auxiliary Power {self-powered)  70-112% of Nominal Aux. Power Voltage  Equals Input Frequency  3VA
{P-Option Units}
A2°** {leave blank]  External Auxiliary Power (120 Vac std.) 100-130 Vac 50-500 Hz 6VA
A4 Internal Auxiliary Power {salf-powered) 84-108% of Nominal Aux. Power Voltage Equals Input Frequency 6 VA

l: For external auxifiary power voltages other than 120 Vac, specify the voltage in the last position of the complete model number. {Exampfa: 240 Vac Aux.} ]

Table 4 Input Selection

Current Voltage

CurrentRange  Calibration at Rated Output Voltage Range Calibration at Rated Qutput
Option MNominal  w/Accuracy {5 A Nomina| Input} Option  MNominel  w/Accuracy {120V Nomina! tnput)
-3 1A 0-2A 100 W or Vars/Element -0 6V 0-75V 250 W or Vars/Element
-4 25A 0-5A 250 W or Vars/Element Std.*** 120v 0150V S00 W or Vars/Element
Std.*** SA 0-10A 500 W or Vars/Element -1 240V 0-300V 1000 W or Vars/Element
-1 15A 015A 750 W or Vars/Element -9 av 0-330V 1200W or Vars/Element
-5 10A - 0-20A 1000 W or Vars/Element -2 480 v 0-600 V 2000 W or Vars/Element -7
154 0-20 A1500 W ar Vars/Elament
g 9EA 030 A 2500 W or Vars/Element [ *** Leave "Input” positions blank in the madel number. |

*+** Option -8 requires a Style | case. {See page 122 for case dimensions.
Maximum height of terminal strip(s) is 1.07" for units with -8 option.)

Table 5. Scaling Resistor {(-RS)/Frequency Options

Option Description 1 You must specify the desired outpnt vohiage:

-RSt Scaling Resistor For 0o +1 mAdc wnits, specity rango from 0 to £10 Ve, Load

-6 400 Hz imped is ¥ MQNVdc (mi }

-12 50 Hz (not UL Recognized) For P-Option wnits, specify range trom 0-15 Vdc (PAN medels) or

-6-RSt 400 Hz and Scaling Resistor 0-480 Vdc (PA models). Load impedance is 200, 50. or 20 {tkQ/Vdc)

-12-RSt 50 Hz and Scaling Resistor (minimem) for units with outputs of 5, 20, or 50 mAde, respectively.
This information is not partof the madel number, but must be
provided to the factory when you place your order.

Tahle 6 Other Options

Option N | D_%_an_lum tt You must specily the desired input value:
-20 50-200% Calibration Adjustmant {current outputs) ] its can be calibrated within 30-180% of their standard.-
- 50-200% Calibration Adjustment (voltage outputs| calibration input watis or vars. (Example: A 2-element watt trans-
{available only with 0 to £1 mAdc units) ducer is calibrated to 1000 W standard. The -SC aption can be
-24 24Vdc Loop-Powered (PA7 and PA7-B models only) added tor input levels from 500 W {30%) 1o 1800 W {180%).} P-Option
{consult factory far specifications) 1nits ean be calibrated within 60-180% of their standard-calibration
-CE Analog Output Shorting Relay inpin watts or vars.
{available only with 0 to +1 mAdc units} This information is not pant of the model number. but must e provided
-SC1T Special Calibration to the factory when you place your order.
-SM Seismic Brace {available with 0to +1 mAdc units
{consult factory if you desire this option with
a P-Option unit}
-2 Zero-Based Output Calibration {ex.: PA7-Z = 0-20 mAdc)
{available only with P-Option units, except PAN-B
models)

AMETEK® Power Instruments 255 North Union Street  Rochester, New York 14605  Phone: 1-800-274-5368  Fax: 585-454-7805
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Attachment 10
B32-C-001-J-023, Rev. 1, Recirculation Pump Curve (1 pages)

MC 34C-20 LTICEN GEaPw PunP LuBinG 170V CO
20 £ 22 #LR (eCu . Vet d 8 8

CAINE BReOUEN YL
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Attachment 11

14, 24, AND 29)

MODEL 1151DP
ALPHALINE®
AP

FLOW TRANSMITTER

CAUTION::

TO AVOID PQSSIBLE

READ BEFORE ATTEMPTWG
INSTA\.LN\"ON OR MA\NTENANCE

‘WARRANTY INVALIDATION.

CONTENTS

INSTALLATION
Cahibraton
Span Correction Ior H\gh Line Pressures-

OPERATION

‘Specifications 1151DP Square Root
MAINTENANCE
PARTS LIST/DAAWINGS®

Og¢sign Specifications
Parts List |
Drawings and Schemancs

Page 1
Page 3
Page ¢ 4
Page 5
Page 7
Page 8
Page 11
Pagg 11

Page 14:
Page 15

COPYRIGHT AOSEDUNT INC.. 1824, 1975 1976

Fintestad by ohe o1 vipre 6! the lgh‘ i

‘ALPHALINE- AND *§-CELL' are Rosemount Trademarks

Canata Pitented 1968 1974, Patenie Mexic

3.195.028; «1(13 9.534.
Mo, 176,892

Otor U.S. brnd Forclga Patants issued’or pencing.

Rosemount Inc., Instruction Manual 4259, Model 1151 Alphaline® VAP Flow Transmitter, 1977 (PAGES 1, 6,

INSTRUCTION MANUAL:4259

POST OFFICE BOX.35129 HINNEAPOWS, MINNESUTA.SD425

PRONE: (612)941 5560 TwX: 9105763103 TELEX: 230133 CABLE: ROSEMOUNT -":-1
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Specifications - 115108 VAP Flow Transmitter

Functional Specifications
Service

Llguid. gas ar vapar.

Ranges

0-6/30 inches H0
0-25/150 inches H ¢}
0:125/750 inches H,D

Oulputs E

4=20 MADE, squére-rool ot input
Power Supply

External power supply rféquired. Up 1045
VDE. Trapsmitter operates: on. 12 VDG
with no Ioad.

Load Limitations
See Figure 7,
Indication

Optlonal meter with 1-3/4” tinear scale,
0-100%. 1hdi¢ation’ accuracy is £2% of
span.

:Hazardods Locations

‘Exploglon proof: Approved. by Factory
" Mutual far Class ), Division 1, Groyps B°,

'C'and D:-Class 11, Division 1, Gfoups E-F
:and Gi ‘and Class i, Olvision 1.
Cenification’ by Canadian S$tandards
Association (CSA} for Ctass \. Groups-C
and D availapte

Snai for” Class
. Division 1, Grcups B C: and. D when
usad with listed bariier systems.

Span-and Zero
Continugusly. adjustable externally.
Zero Elevation and. Suppression

Ze10 glevation orze(o suppression up:to
10% of cafibrated span

Temperature Limits

-20°F to +150" F ampiifier operating.
-80°F to *220°F Sénsing. element
operating.

—60*F to +180°F Slolaqe

Static Préssuie and Overpressire Linilts

0 psid to 2000 psig 6 ¢ilher sido witholt
damage ‘to Ahe  transmitter. Operates
within specuﬂcaUOns belween,slatic line
pressiires’ of 1/2 Psia aiy 2000 psiy.
10,000 psig proot pressure on lhe
{langes.

Humidily Limits

0-100% RH.

Volumetric Bisplacement

Lose than-0.01 cubic inches.

‘O,c]l»onal meter.nol approved for. Graup‘S.

Damping:

Fixed response:time ol-1/3 second.
quency of 0.4 H

Torm-on Time

10 seconds. No warmup required,

Performance:
Specifications
!ZERO BAS‘D qPANS REFEHENCE COND'

TIONS] 31685 1§0LATING DMPP'RA\-;M“
ABPUIES FROM 28 TOI100% FLOW);

Accuracy
25_a ol calibrated span for a range of.

.2.
pressure). Inclugdes:combined effgcts-of,
hyste(esm (epealabllnty and con(ormlty
of the"square root function.

Dead Band-

None:

Stabillty:

+0.25% ot upgper range limittor 6 monihs

Temperalure Etfect

The total ¢ffect-including zero ard span:

aerrors: 71.5% of upper range limit per.
100°F. (£2.5% {01 low range.)

Overpressure Effect
Zero: shifi of iess than £0.5% of. upper

range limit tor 2000 psi {+2.0%. for rango:

5).

Slatic Préssure Effect
Zero Error: £0.5% of upper range limit for
2000 psi {+1.0% for 1ange 3).

Span Eyror; —O,S:Q.l% of reading per
1000 psi 7510.1% (o1 range 3}. Thisis
a systemalic error
calibrated oul for a parnticular pressure
pétore Instaliation.

Vlbragion'E"écl
£0.05% ot uppai rangd linit pér g 1o:200
Hz in any axis.

Power Supply Effect
Less than 0.005% of output'span pér valt:

LOAD.
(GHISY

2

% 167 100% of flow {6% 10-100% Of ifput”

Y

iwhich can  ba

FIG) URE 7
LOAD LIMITATIONS

20

POWER: § IPPLY (4DCH

Load Eitecl

No load effect other thai 1hé chang

‘power supplied to theitransmitter,

-Mouintlivg Posilion’ Effect

Zero shm of up.lo. 1" HZO which can be
in cltcet. No étiest’
‘in plane o ‘diaphragm.

‘Physical Specifications
‘Materials of Construction' t

calibratdd’ 6ut. No's

'lsolaﬂng Dlaphragms and’ DrainfVent
‘Valves:

‘31655, -HASTELLOY C or MONEL.
‘Procesd Flanges and Addpters:

.Cadiom -Plated .Carbob Stéel, 31658,
HASTELLOY G or. MONEL.

Wetled.O-Rings
VITON.,
Fill. Fluid:

.Siticone Oil.

Bolts:

Cadmium Plated Carbon:Steel.
Electronics Housing:.
Low-copper aluminum (NEMAJY
Palnt:

Pclyestar-Epoxy. .

Process Connectlons

NPT on 2-1/87 genters.on.flanges.
on 2 2. 1/8" or 2-1/4" centers
with adap!ers

-Ele€tilcal Cannections

72-fnch conding’ willi Séreéw @rminagts
and-intagral tést jacks compatible with
miniatyre banana plugs (Pomona 2944
3640 or eqdal).

‘Welght

12 pouitids excluding optlans.

OPERATING
‘REGION

3¢ 40
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S

PARTS L

IST/DRAWINGS SECTION

Design Specifications

MODEL |ALPHALINE VAP FLOW TRANSMITTER B
11510P
COoE RANGES
3
-4
5
¢ 4520 mADC, sguurs root.of fnput
h R o MATERIALS OF CONSTRUCTION.
COOE [FLANGES AND ADAPTERS DRAIN-YENT VALVES ISOLATING QIAPHRAGHS
12 |Cadmum Plated C:8. 31688 31688
13 |Cadmium Piated C'S. HASTELLOY & HASTELLOY C-276
14 [Camiym Piated CS. MONEL MONEL
22 |4168S 31688 31685
23 -{atess 31656 wpsteflovc-276
24 13168y : 31685 MONEL
3% HASTELLOY © HASTELEOY-C HASTELLOY' 1375
44, JMONEL MONEL MONEL
CODE opnous o
LM |linear.) MLKC' D-loo% scate
MB  |Optionial Mounting Bracket for Mounting to 2 Mipe
PB. 1Optional Mounting Brachet for. Panet, Monmmg
£ [Opricnal Flat Mounling Bracket for Mounting 10+3” Pipe
Ny | SideYect/Drain, Tap
o7 idte 7 2otQrain. Botm
CE |Cinadian Slanc-\rds Assogintibh (CEAL Explosion Proal Cortificatian tor Class I,
Greups C and D; Class I, Groups £..F ana :.Class i1); (Enct. IV).
INTRINSIC SAFETY APPROVAL (ANl Ate Approvad By Factory Mutual)
' CLASS I, DIV. 1,
- BARRIER, GROUPS,
AGENCY MANUFACTURER | BarRigr MODEL 8l c{o
ey Foxborn 1" nali2vFGE, 2ALIVIEGH I
w2 [em " Taylor 1 19251134, 1248 1{aa x| oz | x
! 1245435, 1245932 x Iox
) 12451254, 12451264 X X
ry [eia P estinghouse 755801 x x| =
. Sy SeFai2 | RERTI A A0 M
Fa [rm . kevds 8 Nertheup: 316568. 316747 X A f %
F5 |EM Fischer & Porter D, 808HOZTUOY X s
BOSHT2ILI02 X # X
F& FM . ﬁishbiCéﬁlrbl; . Acwz < <
F1 FM. » Honepwell BSESIXAKXX-0110 :
- % X | x
{ - 2.F585 X< X
L siop 8 C . 17 LM MB <ab———— . COMPLETED DESIGN SPECIFICATION
STANDARD.ACCESSORIES All Models:are ship-. TAGGING ALPHALINE Differential: Pressure Trans-
ped with flange adapter, vnnt/dram valves and one mitters will be tagged in accordance with customer
{nstruction manual per shipment. requlrements AlF: tags are stalhlegs steel.
OPTIONAL THREE-VALVE MANIFOLDS CALIBRATION Transmiiters are (aciory Calibrated:
{Packaged Separatefy) o customer's: specified: span. i calibration sis not .
. specified, transmitters are calibrated at meximum e
i - Qo o - Sree 2 ! | b 0 o 3
Pant No. 1351:150-1: 3-Valve:Manitold, Carbon, Steel range. Calibration iz at ambient lemperature and ¥

{Anderson, Greenwood &.Co., M4AVC),
Part No. 1151 :150-2¢ 3Va|ve Manifoid. 31658
(Anderson L:reenwood & Co., M4AVS)

pressure.
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Attachment 12

Bailey Signal Resistor Unit Type 766 (2 pages)

go1p NOMENCLATURE

Pressure Transmitter

Power Supply

Conductivity Element
Trip Calibration Uﬁit.
Relay

Switch

Recorder

Switch

Pressure -Switch
Recorder
Pressure Tranmsmitter

Signal Resiator Unit
Igverter

Inverter

TABLE OF CONTENTS
YENDOR/MODEL NUMBER

Bosemount Modsl
1151DP

Genersl Electric Models
9T66Y987, 9T66Y988 and
9T66Y989

Balsbaugh Model
GVI-2-N/910.IT-1HN

Rosemount Model
510DU-2

General Electric
Model HMA

General Electric
Model CB2940

Westronics
Model MSE

Genoral Electric
Models SB~1, SB~9, $SB-10
and SBM

Barksdale Model
BIT-M128S-GE

Leeds and Northzrup
Speedomax Model M

Rosemount Model
1151DP Alphsaline

Bailey Type 766
Topaz 5000 Series

Topaz Model
R 50-GWRS-125-~60

Page 89 of 94

LE-0113
Revision 1

GEE-78733
VOLUME 1V

10
11

12
13

14

iv



Exelon.

Reactor Core Thermal Power Uncertainty

LE-0113
Revision 4

Calculation Unit 1

Page 23
RENEWAL PARTS 4576K16-001

FIG. &
INDEX NO.

PART NO.

REF.
DES.

- UNITS
DESCRIPTION PER/ASSY

1

6146K15P277

10

11

11

12

—6L46R1I5P280—R3

6148K68P015

6149K92P303

6148K60P217

6146K15P226

6146K15P271
6148K68P522

6146K15P277

6146K15P280

6148K68PO15

6146K15P226

6146K15P271

6148K68P522

6149K94P007

R3

R4
Rl

R2

R3

R4

R3
R3

R4

R1

R1

R2

Rl

RESISTO! O-01s,; =0 T FIED 12

PHE-WOUND, 2.5 WATTS (Vv91637, TYP

RS-2C) (v00213, TYPE 1200S) (V12463,

TYPE T=~2C)

RESISTOR, 262 OmMS, :0.1% FIXED,

WIRE-WOUND, 2.5 WATTS (v91637, TYPE

R3¢ 00213, TYPE 1200

TYPE T-2C)

RESISTOR, 8 OHMS, :0.17 FIXED, 6
WIRE-WOUND, 0.66 WATT, (V17870,

TYPE R1375)

RESISTOR, 12100 OHMS, +G.1% FIXED 6
WIRE-WOUND, (V17870, TYPE R1391- '
0030)," 0.25 WATT

RESISTOR, 400 OHMS, 0.1% FIXED, 6
WIRE-WOUND, 0.66 WATT, (V17870,

TYPE 1375)

RESISTOR, 100 OHMS, +0.17 FIXED, ' 12
WIRE-WOUND, 2.5 WATT, (V91637, TYPE
RS-2C) (V00213, TYPE 12008) (V12463,

TYPE T~2C)

RESISTOR, 96.8 OHMMS, 0.1% FIXED, 6
WIRE-WOUND, 2.5 WATTS

RESISTOR, 3.2 OHMS, :0.17, FIXED, &
WIRE-WOUND, 0.66 WATT (V17870,

TYPE R1375

RESISTOR, 250 OHMS, '0.1% FIXED, 6
WIRE-WOUND, 2.5 WATTS, (V91637, TYPE
RS-2C) (V00213, TYPE 1:008) (V12463,

TYPE T-2C)

RESISTOR, 242 OWMS, +0.1% FIXED, 3
WIRE-WOUND, 2.5 WATTS (V91637, TYPE
RS-2G) (V00213, TYPE 12008) (V12463,

TYPE T-2C)

RESISTOR, 8 OHMS, 0.1% FIXED, 3
WIRE-WOUND, 0.66 WATT (V17870, TYPE
R1375)

RESISTOR, 100 OHMS, $0.17 FIXED, 6
WIRE~WOUND, 2.5 WATT (v91637, TYPE
RS-2C) (V0O213, TYPE 12005) (V12463,

TYPE T-2C)

RESISTOR, 96.8 OHMS, *0.1% FIXED, 3
WIRE-WOUND, 2.5 WATTS, (V91637, TYPE
RS-2C) (v00213, TYPE 1200S) (V12463,

TYPE T-2C) .

RESISTOR, 3.2 OHMS, :0.1% FIXED, 3
WIRE-WOUND, 0.66 WATT, (V17870,

TYPE R1375)

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 N0016 & N0037 (2 Pages)

NGO39

I. SCOPE

This specification defines a Model 1153 Series B pressure transmitter with
combined options NOO16 - 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.

1I. 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

LTR

DESCRIPTION ECO NO. APPD, DATE

Original Release - 626853 pMB ‘2/7’/3?

150 in.-1bs.

2. The standard "R" calibration and amplifier boa}ds are replaced with the
specfal damping calibration and amplifier boards.

I1I. SPECIFICATIONS

Maximum damping for the electronics, measured at the 63% time constant is:

The damping electronics are not intended for the range 3 because the slower
response is not required for this transmitter pressure range.

Range 3
Range 4

Range 5-

IV. APPLICABILITY AND APPROVALS

This specification is limited 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 |ROSEMOUIL inc.  miNNEAPOLIS, MINNESOTA

MASTER DRAYWING

9

Maximum Damping
not applicable
1.2 seconds

0.8 seconds

DR, BY

K. Hildebrandt

OATE | TMLE
11/16/88

Jo

Ll

lz/z/&e Specification Drawing

"'\

[

N0039 Option -~ Combination NOO16 & N0OO37
SIZE [CODE [DENT. NGJ DRAWING NO.

Al104274 01153-2734

{sHeeT 1oOF

Form No. 60299-1, Rev. A
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Rosemount Report 98800053. The damping option is qualified to the levels of the
1154 transmitter. However, when being used in the Mgdel 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

DRAWING NO.
01163-2734

- CLASS IE USAGE Al 04274

|sHEET 2 oF 2
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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
English

June 1983

Rev. AA

N-Options for Use with the
Model 1153 and Model 1154

Alphaline® Nuclear Pressure
Transmitiers

ROSEMOUNT NUCLEAR
FISHER-ROSEMALINT Mafiaiing The Procass Battar.”
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INTRODUCTION

~ Rosemount®Model 1153 and Model 1154
Alphaline® Nuclear Pressure Trapsmitters are
designed for precise pressure measurements in
nuclear applications which require reliable
performance and safety over an extended service
life. These transmitters have been qualified per
1EEE Std 323-1974 and IEEE Std 344-1975 as
documented in the corresponding Rosemount
qualification reports.

Model 1153 and Model 1154 'I‘ransmxttere are
available in a variety of configurations for
differential, flow, gage, absolute, and level
measurements. To accommodate specific customer
requirements, special N-Option features have been
developed to provide greater application flexibility.
For example, the N0OO10 option allows a transmitter
to be calibrated up to 5% over its standard upper
range limit. The N0026 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 sumnary of selected N-Options. For
additional information on these and other
N-Options, contact Rosemount Nuclear
Instruments, Inc.

SUMMARY OF N-OPTIONS

N0002 Specifies a reverse-acting gage pressure

transmitter.

Specifies factory calibration of the
transmitter at temperatures above or
below room temperature. 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 limit of the transmitter is

1,000 psi, an N0OO10 transmitter may be
calibrated up to 1,050 psi. This option 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 Trausmnitter.

NO0004

N0010

NOo011

N0016

Rosemount Nucleas Instruments, Inc.
12001 Technology Diive

Eden Pralrie, MN 55344

Tel (612) 826-8252

Telex 4310012

Fax (612) 828-3280

© 1999 Rosemmaunt Nuctear INStiuments, (nc.
http:/evew T058MOLINL.COM

LML

00813-0100-2655 Rev. AA

Reactor Core Thermal Power Uncértainty
Calculation Unit 1

LE-0113
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NOO18 Specifies a maximum static pressure
rating of 3,200 psi rather than the
standard 3,000 psi on any high-line
differential pressure transmitter.
Specifies a welded Ys-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 inHy0 rather than the standard
Range Code 4 upper range limit of 150
inHyO. The maximum and minimum
span limits are 155 and 75 inH0,
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 Model 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 1153 Series D or Model
1154 Transmitter with a special
mounting bracket that has no 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.

N0022

N0026

N0029

N0032

N0033

NO0034

N0037

NO0Q77

N0078

N0088

ORDERING INFORMATION

Consult the appropriate transmitter Product Data
Sheet for a transmnitter model number. Append the
N-Option number to the end of the transmitter
model number. An example of a typical model
number with N-Option added is 1163DB5RAN0010.

Rosemount, the Rosemount jogo, and Alphaline are registered trademarks of
Rosemount inc.
gelok is a regi!

of Crawiond Fitting Co.

May be protected by one or more of the foilowing U.S. Patent Nos.
3,646,538, 3,793,865; 3,800,413; 3,975,719; Re. 30,603. Canada patented
(B.e\cre) !974 1975, 1976 and 1979, May depend on mode!, Other foreign
patents issued and pending.

Cover phicto: 1553-001AB

C€

Fisher-Rosemount satisfies all obligations coming from
legistation to harmonize product requirements in the
European Union.
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