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1.0 EURPQSE/OBJECTIVE OF CALCULATION
The purpose of this calculation is to deterwine the Ins. .ment
setpoint and Allowable Value, for the instrument loops that

initiate an inboard and outboard logic channel trip upon
detection of high flow.

This calculatinn is performed to support DCP 9700532, which adds
high flow break detection instrumentation into RWCU isolation
logic. This logic will detect high energy line break.

The calculation evaluates normal operating and accident environ-
mental conditions for the following instruments:

1-G33-N504 1-G33-NO41A,B 1-G33-N609A,B

©
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2.0 METHODROLOGY AND ACCEPTANCE CRITERIA
2.1 Methodology

The methodology used for this calculation is preesented in the
NES-EIC-20.04, "Analysis Of Instrument Channel Setpoint Error And
Instrument Loop Accuracy", Rev. 0 (References 3.2).

2.2 Acceptance Criteria

The acceptance criteria for this calculation is based on the
Reference 3.2 as follows:

(1) New determined setpoint provides 95/95 assurances that
the Analytical Limit will not be violated,

(2) New determined setpoint provides reasonable assurance that
spurious actuation will not occur during normal operation.

]
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3.1 1SA-567.04, Part 1, "Setpoints for Nuclear Safety kelated
Inscruments”, Jpproved August 24, 1995

ISA-RPE7 .04-Part 1I1-1994, "Methodologies for the Determination of
Setpoints for Nuclear Safety Related Instrumentation”, Approved
September 30, 1994 ‘

2.2 NES-EIC-20.04, "Analysis of Instrument Channel Setpoint Error And
Instrument Loop Accuracy."

3.3 LaSalle Station UFSAR, Rev 6, EQ Zone Maps, Table 3.11-7, 8, 16,
17, dated April 1990.

3.4 LaSalle Station Procedures

LIS-RT-106A (Rev. 0), "Unit 1 Reactor Water Cleanup High
Inlet Differential Flow Division 1 Isolation Calibration".

LIS-RT-106B (Rev. 0), "Unit 1 Reactor Water Cleanup High
Inlet Differential Flow Division 2 Isolation Calibration".

. 3.5 "~semount Operational Manual 4471-1, Rev. A, "Model 710DU
Trip/Calibration System”, VETIP J-0756

rosemount Product Data Sheet 2471, Model 710DU Trip/Calibration
System, Rev. 4/87.

3.6 Rosemount Instruction Manual 4631, March 1996, "Model 1154 Series
H Alphaline Pressure Transmitters for Nuclear Service", VETIP J-
0223

3.7 Pipe Fitters Manual - Tube Turns, Weldings, Fittings, and Piping
Components, 1981

3.8 Commonwealth Edison Company Calculation No. NED-I1-EIC-0255,
"Measurement & Test Equipment Accuracy Calculation For Use with
CECo BWRs", Rev. 0, CHRON # 208597.

3.9 Commonwealth Edison Company Instrument Database (EWCS) for the
following instruments:

1G33-N504

®
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3.10 Sargent & Lundy P&ID/C&I drawings will revise per ECNs 0013683
(ESSI) and 001369E (¥ 'S2)

Rrwg # Shid Revision Rated
M-2097 2 G 01/15/86

3.11 ANSI/AMSE PTC 6 Report, "Guidance for. Measurement Uncertainty in
Performance Tests of Steam Turbines", Tables 4.10, 4.11, Figures
4.5, 4.6, 4.7, 4.8 and 4.9, dated 1935,

3.12 Sargent & Lundy single li. 2 piping drawirgs depicting "as-L '1t"
field arrangements

Rrwg # Shr# Revigion Rated
M-840 8 X 07/09/56

3.15 Vendor Drawing 73927-1, -21, Rev., 1. J2961 Specification.

3.17 Instrument Engineers Handbook, Process Measurement and Analyeis

3.16 ASME Steam Tables, 6" 2dicion, dated 1997
‘ by Bela G. Liptak, Third edison.%

3.18 Sargent & Lundy Report SL-4493, "Final Report on Insulation
Resistance and 1Its Presumed Effects on Circuit Accuracy LaSalle
County Station", dated October 12, 1988.

3.19 Sargent & Lundy Calculation CID-MISC-01, "Instrumen® LOOpP
Evaluation for Parasitic Resistance", Rev. 0, deatled 2/3/87.

»
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4.0 DESIGN INPUTS

4.1 Telecon between V. Shah of Signals & Safeguards, Inc. and B.
Bejlovec of CPCo, regarding maintenance of Rosemount *ransmitter
static pressure correction at LaSalle County §*ation, dated 9-9-
94. (ATTACHMENT A)

4.2 Correspondence from T.J. Layer, Rosemount App. Eng., to E.
Kaczmarski, CECo, regarding "Pressure Transmitter Performance
Specifications", dated 6/24/91 (ATTACHMENT B)

4.3 Telecon between N. Archambo of Bechtel and T. Layer of Rosemount,
clarifying the accuracy specifications for the Rrcemount 710DU
Tvip/Calibration System, dated 6-16-93.

(ATTACHMENT C)

4.4 Letter from T. Layer of Rosemount, Inc., to V. Shah of Sianals &
Safeguards, Inc., clarifyiry specifications for Model 510DU/710DU
Trip Unitv and Model 1154 Series H Transmitter, dated 9/30/93.
(ATTACHMENT D)

Upgrade 0, dated 11/10/97, regarding, "Setpoint With New Flow
Transmitter and Trip Unit in RWCU Recirc Line." (ATTACHMENT E)
This Design Input provides following information:

0 4.5 Sargent & Lundy Design Information Transmittal LAS-ENDIT-0536,

Analytical Limit = 600 GPM

Process Calibration Range = 0 to 700" GPM corresponding to 0 to
200" wW.C.

Calibration Range = 18 months (Every Refuling Outage)
Inaddition, it also provides Manufacturer, Model nc, EQ Zone, and
instrument Location.

REVISION NO. 0
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5.0 ASSUMPTIONS

5.1 Published instrument anéd M&TE vendor specifications are
considered to be 2 sigma values unless specific informatica is
available to indicate otherwise.

5,2 Humidity, power supply and ambient pressure errors have been
incorporated when provided by the manufac.urer. Otherwise, these
errors are assumed to bLe included within tne manufacturer's
reference accuracy specification.

§.3 In accordance with Reference 3.5, it is assumed that the M&TE
listed in Section 9.0 is calibrated to the reguired
manufacturer's recommendations and within the manufacturer's
required environmental conditions.

5.4 ComBd LaSalle Tecimnical Surveillance Procedure LTS-1000-44,
"General Area Reactor building Temperature Surv:aillance."- data
collection from 03/88 thru 12/89. Based on the data .eviewed from
LTS-1000-44, the Minimum normal temperature in the reactor
building will be assumed to be 60°F.

‘ 5.5 Per Reference 3.2, ¢ additional flow uncertainty of 0.5% span

will be used to account for rmadelling and process uncertainty
(i.e. Pressure & temperature Spikes K Pressure loss, and head
loss) of che flow nozzle.

5.6 As stated in Note 1 of AMSI/ASME PTC 6 Report - 1985, the overall
uncertainty value of the flow element is acceptable for flow
elements in service for less than six months. Further, Section
4.17 of this report states that the base uncertainty for flow
elements in service for more than six months is likely to change
much less with time than indicated for the initial six months.

It is therefore assumed that any additional error due to damage
or deposits on the flow element will have a neglijible impact on
the overall loop uncertainty. Siuce the flow element has been in
service greater than six months, for conservatism, the largest
Group 2 base uncertainty from Table 4.10 will be used to evaluate
the overall flow element error for flow nozzle.

Assumptions 5.1 thru 5 ¢ do not require verification. These
assumptions are based on the industry practice and engineering
judgement .

§.7 The instrument department will develop a instrument surveillance
procedure to account for high line static pressure effect. The
procedure should use setting tolerance b~sed on this calculation.

Assumption 5.7 is an unverified assumpt-on.

REVISION NO. 0 |
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6.0 INSTRUMENT CHANNEL CONFIGURATION

calibrated setpoint.

7.0 EROCESS PARAMETERS
From References 3.9,
For 1G33-NS04 (RWCU Inlet Flow)
Fluid:
Maximum Process Fressure:
Maximum Process Temperatulc
Normal Process Pressure:

Minimum Process Temperature:

Water
1025 PSIG
SSO°F
1005 PSIG

S33*r

Per Reference 3.10, the Instrument Loops each cconsist of a flow
element, differential pressure transmitter, and master trip unit.

The Instrument Loop initiates RWCU isolation when RWCU inlet fiow
and the corresponding differential pressure increases to the

REVISION NO. 0
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8.0 LOOP ELEMENT DATA
8.1 Module 1, Venturi Flow Nozzle
1G33-N504 (RWCU System Inlet Flow) (Reference 3.9, and 3..5)
Manufacturer: BIF
Normal Flow 352 GPM
DP @ Design Flow: 101.62" W.C. @ 500 GPM (This does not
include the zero pressure static shift
compensation)
Design Temperature: & 15°F
Design Pressure: 1250 PSIG
Pipe Size/Schedule: 6" Diameter, 120
“aroat Diameter (d): 2.438 inches
Pipe Diameter (D): 4.876 inches (Reference 3.7)
Beta Ratio(d/D): .50
Per Reference 3.12,
The only upstream and downstream obstructiuns are single §0°
bends. Upstream and downstream straight pire lengthg are as fol-
lows.
Upstream pipe length « 82.375 inches
Downstream pipe length «~ 42.0 inches

®

REVISION NO. 0
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AG33-NO4lA, B

Accuracy

®

‘ Overpressure Limits [20]
Power Supply Effect

Drife [29)

Radiation Effect [(20]

8.2 Module 2, Rosemount Model 1154DHSR Different:i-. Pressure
Transmitter (Reference 3.15%)

From Reference 3.6,
Upper Range Limit (URL) 0-750" W.C.

[30]) 10.25% calibrated span (Includes
effects of Linearity, Hysteresis,

and Repeability)

Temperature Effect [30) :(0.75% URL + 0.50% span)/100°F
between 40'F and 200'F (Design input

4.4)
Static Pressure Effect
Zero [30) +0.2% URL/1000 psi
Span [30] +0.5% reading/1000 psi

55 Mreds TID

(0.75% URL + 1% span) &fter 110
Mreds TID gamma radiation exposure.

Seismic Effect [(20] :0.5% URL with Horizontal ZPA of
8.5g's, and Vertical ZPA of 5.29's

:1% URL (Zero shift after 2000 PS1)
<0.005% output span per volt
:0.2% URL for 30 months

(0.5% URL + 1% span) after

REVISION NO.
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1G33-NO41A

1G33-N041B

3.3, Assumption 5.4)
Temperature:
Pressure:
Radiation:

Relative Humidity:

‘ Assumption 5.4)
Temperature:

Pressure:
Radiation:

Relative Humidity:

@

Environmental Data for Transmitter Location

Transmitter Locations, Reactor Building (Design Input 4.5):

——Switch Tag Numbers . Panel Number = EQ Zone

Locally mounted HaA

Normal Operating Conditions for Enviironmental Zone H4A (Reference

Accident Conditions for Environmental Zone H4A (Reference 3.3,

1H22-P010 H4A

60°F-118°F
-0.4" W.G.
2 x 10° Rads (40-Year Dose)

25 - 38%

60°F-145°F
-0.25" W.G.
1 x 107 Rads (40-Year Dose)

20 - 95%

REVISION NO. 0
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Module 3 Rosemount Model 710DU - MTU (Reference 3.15)

AGIJ3-NEQIA.B

rrom References 3.5, Design Inputs 4.2, 4.3, and 4.4

Repeatability (Normal)

+0.13% (SPAN) (60°F to 90°F)for € months
+0.20% (SPAN) /100°Ffor 6 months

Repeatability (Accident) :0.40% (SPAN)for 6 months

Radiation Effect
Seismic Effect

Temperature Effect

Stability

Temperature Limits

Humidity Limits

Radiation Limits

Seismic Limits (ZPA)

None Within Limits Stated Below
None Within Limits Stated Below

Included in Repeatability Errors (Design
Input 4.3)

Included in Repeatability Errors for 6
months (Design Input 4.3)

60°F to 90°F (Normal)

160°F (24 hrs, once/year)
185°F (Accident for 6 his)
150°F (Acc.dent for 8 hrs)

40-50% RH (Normal)
90% (24 hrs, once/year)
90% (Accident for 14 hrs)

<10° RADS (air) 20 yr TID (normal)
2 x 10° RADS 24 hr TID (Accident)

1.17 g OBE, 1.75 g SSE (During & After)

Environmental Conditions (Reference 3.3):

EQ Zoue C1B, Auxiliary Electric Egquipment Room

Normal and Accident Conditions:

Maximum Temperature
Minimum Temperature

Pressure
Humidity
Radiation

80°F

72°F

+0.25" W.G.

45% RH

1.0 x 10° RADS (40 years)

REVISION NO. 0
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9.0 CALIBEATION INSTRUMENT DATA
9.1 Calibration Method

The following devices may potentially be used as measurement and
test equipment when performing calibrations on the devices within
the subject instrument loop.

The Calibration Error for each modulé consisets of three random
componente :

® M&TE Error (MTE,,) present at input

® M&TE or Reading Error/Least Significant Digit (MTE,, or
RE/LSD) used to measure output

® Calibration Standard Accuracy (STD) which is neg.igible
per Assumption 5.3

9.2 TIransmitter Calibration (MTE2)

The transmitter is calibrated using a pressure gauge fcr MTE2,,
' and a digital multimeter for MTEZ,,.

9.1 Calibration Metbod

From Reference 3.8,

Manufacturer: Wallace & Tiernan

Model : 62A-4C-0280

Range : D to 280" N.C.

Calibrated Accuracy: s 0.50" N.C.

Minor Division: 0.5 PSIG

Temp. Effect: + 0.1% Range/10°C referred to 25°C

Pressure gauge calibration accuracy (CAMTE2) is the manufac-
turer's reference accuracy, and is rounded up to nearest minor
division.

CAMTE?2 e« 0.50" N.C.

Per Reference 3.8, the standard deviation of calibration accuracy
(CAMTE2,,,) is CAMTE2/2. Therefore.

CAMTE2 e« 3 D.30"N.C. /173 #»:x 0.35"0.C.

(o)

&
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The reading error of an analog gauge is given as % of the
smallest division on the gauge. From the data above,

REMTE2 = (V) (0.5v" W.C.) s 2+ 0,.125" N.C.

The temperatuire e.ror if a degradation of the specified accuracy
and is not considered an additional random error. From the data
above, TEMTE2 refers to 25°C.

Since the pressure transmitter input pressure is monitored at the
transmitter, the temperature error is evaluated using the
transmitter environment. From Section 8.2.1 the minimum tempera-
ture at the transmitter location under normal cperating condi-
tions is 60°F [15.6'C). Therefore,

AT, e 185.,6°C - 25°C = 9.4°C
From Section 8.2.1 the maximum temperatir:e at the transmitter

location under normal operating condaitions is 118°F (47.8°C).
Therefore,

. = 47.8°C - 25°C « 22.8°C
Therefore, AT, is the maximum transmitter location temperature.
TEMTE2 = (0.1% FS/10°C)AT
= [(0.001) (280" W.C.)/10'C] [22.8°C)
= + 0.63840" W.C.

Per Reference 3.8, the standard deviation of temperature effect
(TEMTE2,,,) ir TEMTE2/2. Therefore,

TEMTE2 s 3 0. 8)040" R.C, / 3

(1)
=+ 0.31920" W.C.
Therefore,
MTE2,, = [(CAMTE2,,, + TEMTE2,,)? + (REMTE2)? )%°
 [(0.25" W.C.+ 0.31929" W.C.)? +(0.125" W.C.)¥ 05
=+ 0.582764" W.C.
9.1.1 calibration Standard Error (STD1)

. The error due to calibration accuracy of calibration equipment is

REVISION NO. 0
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assumed to be negligible (Reference 3.2). Therefore,
STD1 = 0

p.1.2 Determ.nation of Transmitter Input Calibration Error
Proparated through the Transmitter (CALI_.)

The 1\&TE error (: 0.582764" W.C.) .was determ.aed in Section
9.1. The transfer function is determined in Section 11.1.1.
Therefore,

MTEI = :[(MTE1)? - (dT/4P)?) %3

prop
= +[(0.582764" W.C.)2 ©(0.08 mA/" W.C.)4"8

= :0.046621 mA
9.2.2 Digital Multimeter Error (MTE2,,)

9.2.2.1 Digital Multimeter Error (MTE2,,,)

‘ Per Reference 3.8,
Manufacturer: Fluke
Model : 8500A
Range: 10 vdc (5% Digit Resolution!

From Section 8.2.1, the temperature range is 60 (15.6'C) to 1.8°F
(47.7'7). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0.002%(RDG) + 1(digits))
Resolution (RES) = 0.0001 Vvdc
Temperature Effect (TE) = :(0.0002%(RDG) + 0.5(digit)) /°C) (AT)
AT = (47.8 - 28.0)°C s 19:8%C
At a reading of 5.0 Vdc
MTE2,1 = :[(RA/2 + TE/2)? + RES?)"®
= +[(0.0002 Vdc/2 + 0.Nn01188 Vdc/2)%+(0.0001 vdc)?)0®

= : 0.0007C. Vdc

&

REVISION NO. 0




Exhibit E

NEP-12-02
Pevision §
COMMONWEALTH EDISON COMPANY
.cu.cuu'rzou NO. L-001443 | PAGE 19 of 53

9.2.2.2 Digital Multimeter Error (MTE2,,,)

Per Reference 3.8,

Manufacturer: Fluke
Model : 8500A
Range: 10 Vdc (6% Digit Resolution)

From Section 8.2.1, the *emperature ringe is 60 (15.6°C) to 118°F
(47.8'C). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0,002%(RDG) + 9(digits))
Resolution (RES) = 0.00001 Vvdc
Temperature Effect (TE) = :(0.0002%(RDG) + 0.5(digit))/°C) (aT)

AT = (47.8 - 28.0)°C = 19.8°C
At a reading of 5.0 Vdc

MTE2qr, ~ + [(RA/2 + TE/2)? « RESZ’]O.S
= +[(0.00019 Vdc/2+0.000297 Vdc/2)%+(0.00001 vdc)?)%*

‘ « : 0.000244 Vdc
9.2.2.3 Digital Multimeter Error (MTEZ2,,,)

Per Reference 3.8,

Manufacturer: Fluke
Model : 8505A
Range: 10 Vdc (Normal Mode)

From Section 8.2.1, the temperature range is 60 (15.6'C) to 118°F
(47.8'C). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0.0019%(RDG) + 8.9(digits))
kesolution (RES) « 0.00001 “dc
Temperature Fffect (TE) = :(0.0002% "DG) + 0.5(digit))/°C) (AT)
AT = (47.8 - 28.0)°C = 19.8°C
At a reading of 5.0 Vdc
MTE2,r3 = :[(RA/2 + TE/2)? + RES?)S

= :[(0.000184Vdc/2+0.000297 VEc/2)%+(0.00001 Vdc)?)05

= « 0.000241 Vdc

REVISION NO. 0
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9.2.2.4 Digital Multimeter Error (MTE2,,,)

Per Reference 3 .8,

Manufacturer: Fluke
Model : 8505A
Range : 10 Vdc (Average Mcle)

Frow Section 8.2.1, the temperature fange is 60 (15.6'C) to 118°F
(47.8°C). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0.00152%(RDG) + 69 (digits))

Resolution (RES) = 0.000001 vdc

Temperature Effect (TE) = :(0.0002%(RDG) + 5(digit))/°C) (aT)
AT = (47.8 - 28.0)°C = 19.8°C

At a reading of 5.0 vdc

MTE2 414 = : [(RA/2 + TE/2)? + RES?)O*
‘ = +[(0.000145Vdc/2+0.000297 Vdc/2)%+(0.000001 vde)?) 03
= :+ 0.000221 Vdc

9.2.2.% Digital Multimeter Error (MTEZ2,,)

Per Reference 1.8,

Manufacturer: Fluke
Model: B600A
Range: 20 Vdc

From Section 8.2.1, the temperature range is 60 (15.6C) to 118°F
(47.8'C). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0.02%(RDG) + 0.005% (RNG))
Resolution (RES) = 0.001 vdc
Temperature Effect (TE) = :(0.001%(RDG) + 0.0005% (RNG))/°C) (AT)
8T o (47.2 - 33.0)°C = 13.8%C
At a reading of 5.0 Vdc
MTE2 s = :[(RA/2 + TE/2)? + RES?)?®

= :[(0.002Vdc/2+0.00192 Vdc/2)%+(0.001 Vvdc)?)°*

' « «+ 0 00220 Vdc

REVISION NO. 0
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$.2.2.6 Digital Multimeter Error (MTE2,,,)

Per Reference 3.8,

Manufacturer: Fluke
Model : 8050A
Range: 20 Vdc

From Section €.2.1, the temperature r;ngo is 60 (15.6'C) to 118°F
(47.8'C). Reference 3.8 provides the following specifications:

Reference Accuracy (RA) = :(0.03%(RD3) + 2(digits))
Resclution (RES) « 0.001 vde
Temperature Effect (TE) = .(0.1(Accuracy Spec)/°C) (AT)
AT = (47.8 - 28.0)°C « 19.8°C
At a reading of 5.0 Vvdc
MTEZ2 0, « +[/RA/2 + TE/2)? + RES?)®
« +[(0.0035Vdc/2+ 0.00035 vdc/2)% (0.001 vde)®)o*
= :+ 0.002169 Vvdc
¥.2.2.6 Worst Case MTE2,,
The grea*est DMM error occurs with the Fluke 8600A. Therefore,
MTE2,, = : 0.00220 vdc
Convert MTE2,, from 1 to 5§ Vdc to 4 to 20mA by dividing with
2500 resistor,
MTE2y, = + (0.00220 Vdec/250Q)
= : 0.0088 mA
9.2.2.7 Calibration Standard Error (S8TD2)

The error due (0> calibration uccuracy of calibration equipment is

assumed to be negligible (Reference 3.2). Therefore,
STL2 = 0
$.2.2.8 Determination of CAL2
| CAL2 = [(MTBI, )? + (MTE2,,)? +« (8§TD1)? + (STD2)})*
" « +[(0.046621 mA)% (0.0088 mA)%+(0)2 +(0)%)"
= + 0.047444 mA
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10.0 CALIBRATION PROCEDURE DATA
The deeign Input 4.5 provide the following:
Flow Blement FE-1G33-N504 (RWCU Inlet Flow)
Range: 0 to 700 GPM = 0 to 200" W.C.
Trangmittex FT-1G33:-NOALA.B
Calibrated Range: 0 to 200" W.C. (4 - 20 mAdc)
Output Span: 1 to 5 Vdc (See Note 1)
Calip. Tolerance: + 0.02 vde
Trip Unit FDS-1G33-NO42A.B
Setting Tolerance: + 0.012 vd:

o

Note 1:

Per Design Input 4.5,
Analytical Limit: 600 GPM

Calibration Freguency (Design Input 4.5)

Trarsmitters, Trip Unit: 18 months
Late Factor: 4.5 months
The input to the signal converter from the transmitter is

measured as a 1-5 Vvdc signal developed across a MIU (Master
Trip Uait), Purther, the method used to calibrate the trans-
mitter and the Master Trip Unit is to apply current from the
transmitter through this MTU while measuring the DP input to
the transmitter and simultaneously monitoring the voltage
developed across this same MTU. The SRU used for this loops
are 0.1V precision resistor. The uciuracy effect of this
SRU is small compare to other error terms, and rre

considered to be negligible.
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11.0 ELOW ELEMENT ERRORS (MODULE 1)

The flow element has an analog input and an analog output.
Therefore, it is classified as an analog module.

1.1 Random Error, Normal Operating Conditions (oln)

Flow element accuracy is the only random error affecting the flow
element. The flow element is not a calibratable device. As
guzh, there is no setting tolerance (8Ti) applicable for this
device. The calibration error for this device is included in the
reference accuracy of the flow element. Additionally, the flow
element is the first module in the instrument ioo0p.

odid.d Flow Element Reference Accuracy (RAln)

The error associated with the reactor water cleanup flow element
is calculute! per the methodology contained in Reference 3.11
(see Assumption 5.6). Reference 3.11 classifies the e Jor terms
calculated here ag random errors. The overall flow element
measurement uncertainty (RAl) is calculated as follows:

‘ RAT = o (U7 e Uy o Ut e Oy Y)Y

Base Uncextainty (U.) For Flow Nozzle

The Lase uncertainty is determined from Table 4.10 of Reclerence
3.11. Per Assumption 5.6, the Group 2 base uncertainty for
uncalibrated flow nozzle is 3.20% flow. This value will be used
to maintain conservatism in the calculation.

U. Notzle . 13 .?0‘ flOW

Minimum Upstream Straight Run Uncertainty (U

From Section 8.1, the pipe size is 6 inches, schedule 120, and
the inner pipe diameter is 4.876 inches. From Section 8.1, the
limitin? upstream straight run is approxima.ely 82.375"/4.876" =
16.89 p Y. diameterg, the beta ratio is ¢ 50, and the closest up-
stream flow obstruction is a single 90" bend From Table 4.11 of
Reference 3.11, the denominator for the upstream length ratio is
t;om column 1 and is 7.0 diameters. The upstream length ratio is
then:

straight length ratio « 16.89 diameters/7.0 diametexs

= 2.41
The minimum ltrai?ht run uncertainty (U, is taken from Figure
‘ 4.5 of Reference .11 as 1.0% of flow.
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Beta Ratio Uncertalnty (U)

From Section 8.1, the beta ratio is 0.50. From Figure 4.6 of
Reference 3.11, the beta ratio effect (U) for a calibrated flow
element is 0% of flow.

Minimum Downgtream Straight Run Uncertainty (U )

From Section 8.1, the limiting downstream straight run is

42"/4.876" =« B.61 pipe diameters. From Table 4.11 of Reference
3.11, the denominator for the downstream length ratio is taken
fromhcolumn 7 and is 3.5 diameters. The downstream length ratio
8 then:

straight length ratio « 8.61 diameters/3.5 diameters
= 2.46

The minimum ptraight run uncertainty (U, ) is taken from Figure
4.9 of Reference 3.11 as 0.05% of flow.

2 2 2
RALnN Noztle - . (Ul ionlol " UL“ * Ul b Ublt )"
e+ ((3.20)% ¢+ (1.0%)% « (0%)? « (0.05%)%)* Flow
‘ « + 3.352984% Flow

As stated in Section 11.1, CALl = 0, 8ST1 = 0, and olin = 0.
Therefore,

Determination of Random Error For Flow No-zle (oln...,)

OLN ypete  * * ((RALR L0/ 2)% + (CALLI?  (8T1)? « (01in)?)0s
e ¢+ ((3.352984% ¥low/ 2)% « (0)% + (0)2 + (0)2)08
=+ 1.676492% Flow (10)

11.2 Random Error, Accident Conditions (ola)
The random error for the flow elements is the same for normal and
accidert conditions sinc2 none of the error terms are affected by
the accident, therefore:

Ola Loaie ® ¢+ 1.676492% Flow (10]

®
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hb

11.

11.3 Non-Random Error, Normal and accident (v erating Conditions

The flow element is a mechanical device that is not affecte: . 7
the following non-random errors:

Humidity Errors: elH =« 0
Ambient Temperature Error elT = 0
Radiation Error: elR = 0
Seismic Error: elS = 0
Static Pressure Effects: elSP = 0
Ambient Pressure Eriors: elAP = 0
Power Supply Effects: elV = 0
i3 Process Error (elP)

From Section 7.0, the process error can very from a normal
pressure of 1005 PSIG and S533'F to 1025 PSIG ind 550'F. As
pressure and temperature changes, the density of the fluid
changes. This change in density results in a change in the flow.

The error will be evaluated at design flow of 500 GPM and at DP
of 101.62" WC described in the Reference 3.15. This process
conditions are calculated at 1005 PSIG and temperature of S533'F.
Using the basis flow equation from Reference 3.17
C‘-k ﬁ
P

where: Q = flow
|3 = constant
dP « differential pressure
p = density of fluid

Per Reference 3.16, the norma)l pressure of 1005 PSIG and
temperature uf 533'F, the density p = 47.116472 lbm/ft?,

solving for k:

500 GPM

101 .62 INW
4212 bm/ 1t

« 340.473292
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Per Reference 3.1¢6é at the temperature of approxima
maximum pressure of 1025 PF1G, p = 46.01085 lbm/ft

L
o peiy J

i}

‘ )

S A
C (360.473098) | R0 IOV
46.012 Jtm/ £t
« 5085 . 984 GPM™
AC + 505 984356 gpm - $00 gpw
L.984356 oM

€1 unown = ¢ 0.50% flow span

&

Calculation of flow error due to variation in the pressure and

‘ temperature:
elp = 5.984356 GPM @ (100% flow span/500 GPM)
elp = : 1.1969% flow span
11.3.3 Process Error Due 1o Unknown Uncertainty (elp,.now’

Per Assumption 5.5, the unknown uncertainty is equal to

}ely 550°F, aid
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11.3.4 Total Non-Random Errors, Normal Operating Condition (Leln)

The error calculated under normal operating condition is used to
determine Allowable Value (AV). Only errors *hat effect the "as-
found" setpoint value will be calculated under Normal Operatiig
Conditions.

The total non-randor c(rrors for the flow element is given by the
sum of the individua) ei1rors. Therefore:

leln = :(elir, + elT™n + elRn + elSn + elSPn + elAPn + elPn
+ elVn + D + elpn,, ... )
= 1(0 « 0 « 0 « 0 «0 « 0«0 ¢« 0 ¢ 0+ 0)
= 0

11.3.5 Total Non-Random Errors,Accident Operating Condition (fela)

The total non-random errors for the flow element is given by the
sum of the individual errors. Therefore:

‘ lela = (elHa + elTa + elRa + elSa + elSPa + elAPa + elPa
+ elVa «+ D + elpa, o !

= +(0 « 0 ¢« 0«0 40 «# 0+ 1.1969% flow span +«+ 0 + 0
+ 0.50% flow span)

= + 1.6969% flow span

L
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11.4 Module 2- Flow Transmitter EXror

These loops consists of the flow element, the flow transmitter,
and the master trip unit.

11.4.1 Transfer Function Derivation
The error in the transmitter output due to the input random
and/or non-random errors is cslculated using the partial deriv-
ative method per Reference 3.2, as follows,

T « K(dP - dP,) + C

where: K « transmitter gain (mA/" W.C.)
dP = analog input signal (" W.C.)
dP, = minimum value of calibratc¢d span (" W.C.)
C = transmitter output offsct (mA)

The process span of 0 to 700 GPM corresponds to a DP of 0 to 200"
WC, and the transmitter output will be 4-20 mA. The transfer
function of the transmitter can be written as,
' For FT-1G33-N041 A, B, the transmitter input span is 200" W.C.
T « (16 mA/ 200" W.C.) (AP - 0) + 4 mA
The partial derivative of T with respect to AP yields:
5T/54P « (16 mA/200" W.C.) = 0.08 mA/" W.C.
11.4.2 Random Exrors, Normal Operating Conditions

11 4.2.1 Transmitter Reference Accuracy (RA2)

From Section 8.2, the transmitter accuracy is : 0.25% calibrated
span. The output span of the transmitter is 16 mA. Therefore,

RA2 = . 0.25% span
=+ (0.25%) (16 mA) = : 0.04 mA

The vendor's specification for accuracy is a 30 value. There-
fore,

RA2y, = 0.04 MA/3 = : 0.013333 mA (10)

L
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11.4.2.2 Transmitter Calibration Error (CAL2)
Per Section 9.2.2.8,
the calibration error CAL2 = : 0.047444 mA
11.4.2.3 Transmitter Setting Tolerance (8T2)

From data given in Section 9.0, calibkation tolerance for the
transmitter is : 0.02 Vdc. Therefore, per Section 10.0,

8T2,,,, =+ 0.02 Vde/3
=+ 0.006666 Vdc

Using the Ohm's Law, 1-5 Vdc will be converted to 4-20 mA by,
using the 2500 resistor,

8T2 4 = : (0.006666 Vdc /250Q)
= : 0.02666 mA
11.4.2.4 Temperature Error (eT2n)
"er Design Input 4.2, ~he vendor has determined that, the
temperature error is considered to be a random error. Based on
Reference 3.5, and Assumption 5.5, the ambient temperature at the
transmitter location varies from a minimum of 60°F to a maximum

of 118°F., From Section 8.1, the temperature effect on the trans-
mitter within this terperature range is determined below:

elTn = :((0.75%(URL) + (O.5%(SPAN))/100°F) (AT)
«: [(0.00750750"WC + 0.0050200.00"WC) /100°F)®(118°F-60°F)
e ¢+ 3.04235%5" %N.C.

From Design Input 4.4, Temperature error is considered as a 30
value, therefore elTn,, = el1Tn/3.

elTn = 3.8425" W.C./3 = :+ 1.280833" W.C.

(o)

Using the transfer function determined in Section 11.4.1, The
temperature error term converted in terms of mA is as follows:

eT2n,,,, * + (eT2n,.) ® (4T/dP)

= +(1.280833" W.C.)®(0.08 mA/" W.C.)
= : 0.102467 mA
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11.4.2

11.4.2

11.4.2

11.4.2

.5 Radiation Error (eR2n)

.6 Seismic Ersor (eS2n)

‘I’ 11.4.2.

.8 Pressure Error (eP2n)

.9 Drift (D2)

Per Design Input 4.2, the vendor has determined that the
radiation error is considered to be a random error. From Sec-
tion 8.2, radiat;on effects are described for exposure during
and after 5.5x10’ rads. Per Section 8.2.1, the transmitter is
located in the reactor building which has a 40 year TID of
2.0x10° rads. Therefore, .

eR2n = 0

Per Design Input 4.2, the vendor has determined that the seis-
mic error is considered to be a random error. A seismic event
defines a particular type of accident condition. Errors in-
cluded on the instrument due to seismic vibrations are defined
only for accident conditions and therefore, are not applicable
during normal plant conditions.

eS2n = 0
7 Static Pressure Effect (eSP2n)

Per Design Input 4.2, the vendor has determined that, the
Static Pressure error is considered to be a random error. The
instrument is valved out during calibration, and therefore,
does not experience any effect of high line pressure. The
evaluation of the static pressure error is under accident
condition since, only errors that effect the as-found setpoint
value will be calculated under normal operating conditions.
Therefore,

elSPn = 0

Per Design Input 4.2, the vendor has determined that the
pressure error is considered to be a random error. Per Section
7.0, the maximum static pressure is 1025 PSIG, which is below
the published specification. Therefore, Overpressure effect
will not be considered. Therefore,

elbPn = 0

Per Design Input 4.2, the vendor has determined that the drift
error is considered to be a random error. From Section 8.2,
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drift is :0.2% URL for 30 months. From Section 10.0 the trans-
mitter calibration frequency is 18 months plus 25% late factor.
Vendor also states that the Drift is not time dependent, and
error will not reduce if the transmitter is calibrated more
frequently. Therefore,

D2 = [(IDE))
= [(0.2%¢ (750" WC)))

e s+ 3.5" 0.C.
From Design Input 4.2, drift error is considered as a 20 value,
therefore,
D2,, e« 1.5" N.C./2

e+ 0.79" 1.5

Using the transfer function determined in Section 11.4.1, The
drift error term converted in terms of mA is as follows:

D ey = +(D2,,) ® (dT/dP)
= :(0.75" W.C.)®(0.08 mA/" W.C.)
= : 0.060 mA
11.4.2.10 Random Input Error (o2inn)

The random error present at the input to the transmitter is due
to the flow element and was calculated in Sect‘on 11.1.1

o2inn = 01,,,., * *+ 1.676492% of flow span

From Section 8.2, the dp span is 200" W.C.. Per Reference 3.2,
% flow span to % dp span is converted as below:

Evaluating at maximum flow of 700 GPM:

$1. 6764928 flow span - PRl . 4

¥ odp cpan « £3.382984 %

&
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= + 3.352984% span ® (200" W.C./100% span)

= : 6.705968" W.C.

This error is propagated through the transmitter using the
derivaLive of the transfer function determined in Section
11 4.1, as follows:

c2inng,, = -(ozinn,m,,)(b'r/bp)'

+(6.705968" W.C.) (0.08 mA/" W.C.)

« + 0.536477 mA

11.4.2.11 Determination of Transmitter Random Error (c2n)

e +[(RA2)® & (CAL2)? « (8T2)? + (eT2n)? « (eR2n)? + (eS2n)?
+ (eSP2n)? + (eP2n)? + (D2)? + (02inny,)%)%*

o2n

o2n = s [(RA2)? + (2AL2)? « (8T2)? « (eT2n)? + (eR2n)?
+ (eS2n)? + (eSP2n)? + (eP2n)? + (D2)? + (0c2inng,)?)°?

e [(0.013333 mA)? + (0.047444 mA)? + (0.026666 mA)? +
(0.102467 mA)? « (0)% « (0)% « (0)% + (0)2 + (0.060 mA)? +
(0.536477 mA)?2) 08

= + 0,.552310 mA

#

REVISION NO. |




NEP-1202
Revision &
COMMONWEALTH EDISON COMPANY
‘cucuurxon NO. L-001443 PAGE 33 of 53

11.5 Random Error, Accident Conditions (o2a)
11.5.1 Transmitter Reference Accuracy (RAZ)
The transmitter reference accuracy specification is dependent
only on the calibra .ed span and is not a function of the trans-
mitter environment. Therefore, for the purpose of this calcu-
lation, the reference accuracy determined for normal operating
conditions (Section 11.4.2.1) is the same error that would
occur during accident conditions.
RA2 = : 0.013333 mA
21.85.2 Calibration Error (CAL2)
Per Section 9.2.2.8,
the calibration error CAL2 = :« 0.047444 mA
11.5.3 Transmitter Setting Tolerance (8T2)
Calibration of the transmitter takes place during normal plant
‘ conditions, Therefore, The setting tolerance for normal and
accident cond.tions are the same. F.om Section 11.4.2.3:
8T2 = + 0.02666 mA
11.5.4 Transmitter Drift Error (D2)
Instrument Drift is a function of time, and is not dependent on
environmental conditions. Therefore, The Drift error for

normal and accident conditions are the same. From Section
11.4.3. 91

D2 = : 0.060 mA
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®

11.5.5 Temperature Error under Accident Conditions (e2Ta)

Per Design Input 4.%, the vendor has determined that, the
temperature error is considered to be a random error. Based on
Reference 3.3 and Assumption 5.5, the ambient temperature range
at the transmitter locaticn during accident conditions varies
from a minimum of 60°F to a maximun of 145°F. From Section
8.1, the temperat .re effect on the tran.mitter within this
temperature range is determined below:

e2Ta « +[(0.75% (URL) + O.5%(SPAN)) /100°F] (AT)
« +[(0.0076(750"WC)+ 0.005(200"WC)) /100°F) (145° - 60°F)
e + 5.63135" WC

Per Design Input 4.4, the temperature effect is a 30 value.
therefore e2Ta,, = :2Ta/3.

e2Ta,, * (1/3)(+ 5.33125" WC) = :1.877083" WC

Using the transfer function determined in Section 11.4.1, The
temperature error term expressed as transmitier output is as
follows:
e2Ta,,, = :(e2Ta,) ® (dT/dP)
= :+(1.877083" WC)®(0.08 mA/" W.C.)
= + 0.150167 mA
11.5.6 Radiation Error (e2Ra)

Per Design Input 4.2, the vendor has determined that, the
radiation error is considered to be random crror. As noted in
the vendor specification, the radiation effect on the
transmitter is given for both low and high values of radiation.
From Reference 3.3, the worst case radiation level within the
transmitter environment during accident condition is 1 x 10
RADS (Gamma Integrated). Within this range, the radiation
effect equation used is for low level radiation s given below:

e2Ra « + 0.5%(URL) + 1.0% Span
=+ 0,005 (750" WC) + 0.01 (200" WC)

e 2 $5.75" WC
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Per Design Input 4.2, the Radiation effect is considered to be
a 20 value, therefore, e2Ra,, = €2Ra/2.

e2Ra,,, = + 5.75" WC/2 = : 2.875" WC
Using the transfer function determined in Section 11.4.1, The
radiation error term expressed as transmitter output is as fol-
lows: ‘
eZRa ,,, n +(@2Ra,,) ® (dT/AP)
« +(2.875" WC)®(0.08 mA/" W.C.)
e+ 0.23 mMA !
11.5.7 Static Pressure Eiror (e28Pa)
Per Design Input 4.2, the vendor has determined that, the

Static Pressure error is considered to be a random error. From
Section 7.0, the systems maximum operating pressure is 1025

peig. Therefore,
eSP2a,,, = : 0.2% URL/1000 psig

= + (0.2%) (750 INWC) ® 1025 psig/1000 psig
® s+ 3.8379" u.C.

eSP2a,,, = : 0.5% rdg/1000 psig
« + (0.5%) (200" W.C.)® 1025 peig/1000 psig
e + 1.038" M.C.

eSP2a e 1+ [(@8P28,,,)° + (e8P2a,,) %)%
. s [(1.5378% w.C.7 o (1026 W.C.)%)08

= + 1.847845" W.C.

From Design Input 4.2, _:tatir Pressure error is considered as a
3o value, therefore eSP2a,, = eSP2a/3.

eSP2a,,, = 1.847845" W.C./ 3 = + 0.615948" W.C.
Using the transfer function determired in Section 11.4.1, the
static pressure erros term converted in terms of mA is as fol-
lows:
eSP2a,,, = :(eSP2a,,) ® (dT/AP)
= +(0.615948" W.C.)0(0.08 mA/" W.C.)

= : 0.049276 mMA
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11.5.9 Seismic Error (e2Sa)

Per Design Input 4.2, the vendor has determined that, the seismic
error is considered to be a random error. As noted in the
vendor's specifications listed in Section 8.2, the seismic effect
on the transmitter is given for the ZPA of 8.5 g's, and the

trangmitter during accident conditions is:

e28a = : 0.5%(URL)
= + 0.005(750" WC)
e 2 3.7%* W

From Design Input 4.2, Seismic error is considered as a 20
value, therefore e26a,, =~ e28a/2.

e2Sa ., e 3.7%* W.C./2
e s 3.8978" 1.8,
q Using the transfer function determined in Section 11.4.1, The
Seismic error term expressed as transmitter output ie as follows:
e28a,,, « :(€28a,,,' ® (dT/dP)

« +(1.875" W.C.)®o(0.08 mA/" W.C.)

vertical ZPA of 5.2 g's. Therefore, the seismic effect on the

=+ 0,15 mA

11.5.9 Pressure Effect (e2Pa)

error is considered tc be a random error. Per Section 7.0, the
maximum static pressure is 1025 PSIG, which is well below the
published specification. Therefore, Overpressure effect will not

Per Design Input 4.2, the vendor has determined that the pressure
|
be considered. Therefore,

e2Pa = 0

&
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11.5.10 Random Input Error (o2ina)

Per Section 11.4.2.10, The input error from the flow element for
accident condition is determined to be same as normal random
error. Therefore,

02indg,, =+« : 0.536477 mA
11.5.11 Determination of Transmitter Ranhom Error (o2a)

o2a = :[(RA2)? + (CAL2)? + (8T2)% + (eT2a)? + (eR2a)? + (eS2a)?
+ (eSP2a)? + (eP2a)? + (D2)? + (02inagy))®*

c2a = :[(RA2)? + (CAL2)? « (8T2)? + (eTza)? + (eR2a)?

+ (eS2a)? + (eSP2a)? + (eP2a)? + (D2)? + (02inayy)?)*

« +[(0.013333 mA)? + (0.047444 mA)? + (0.02666 mA)? «
(0,150167 mA)? + (0.23 mA)? + (0.15 mA)® + (0.042276 mA)? «
(0)% « (0.060 mA)? + (0.536477 mA)?) "

= + 0.628431 mA

®
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11.6 Non-Random Errors for Normal Operating Conditions (§ :2n)
11.6.1 Humidity Error (e2Hn)
The transmitter humidity limit is 100% RH per vendor specifica-

tious listed in Sections 8.2. From Section 8.2, the humidity
range at the transmitter location during normal operation is 25-

35% RH. Therefore:
e2Hn =~ 0
11.6.2 Pressure Error (e2Pn)
There are no ambient pressure errors described in the vendor's
gspecifications for this device. Based on Assumption 5.2, ambient

pressure effects associated with the transmitler are included in
instrument reference accuracy, Therefore:

e2Pn = 0
11.6.3 Power Supply Effects (e2Vn)
‘ Per Section 8.1, e2Vn = 0.005% span/volt

Per Reference 3.5, table 3, the maximum and minimum operating
voltage available to drive the tra.smitters are 26 Vdc and 22
vde, respectively. Therefore, the maximun voltage variation
possible for operating the transmitter is 4 Vdc.

e2vn = 0.00005€ (200" W.C.)® 4V )/1V
= :0.04" W.C.

Using the transfer function determined in Section 11.4.1, The
power supply error term expressed as transmittar output is as
follows:

e2vn,,, = :(e2Vn,,,) ® (dT/dP)
= +(0.04" W.C.)®(0.08 mA/" W.C.)
= : 0.0032 mA
11.6.4 Process Error (ez2pn)
Process measurement errors are associated with the flow element
and were evaluated under Section 11.3.1, There are no additional

process errore associated with the transmitter. Therefore,
e2pn = 0
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11.6.5 Insulation Resistance Error (e2IRn)

References 3.1 and 3.2, unde~ conditions of high humidity and
teperatuis associated wich high energy line breaks (HELB),
insulation r_sigtance may be reduced. This reduction results in
signal error that is experienced during harsh environmental
conditions, hence IR is not applicablo during normal plant condi-
tions. Thereforg;

€2IRn = 0
11.6.6 Non-Random Input Error (ez2inn)

Tie non-random error present at the input Lo the transmitter is
diue to the flow elewent and was calculated in Section 11.3.3

e2inn = eln = 0

11.6.7 Transmitter Total Non-Random Error (le2n)
VYe2n = (e2Hn + e2Pn + e2Vn + e2pn + e2IRn + e2inn)
‘ = +(0 ¢+ 0+ 0.0032mA + 0+ 0+ 0)

« + 0.0032 mA
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11.7 Non-Random Errors for Accident Operating Conditions (le2a)

' 31,71 Humidity Error (e2Ha)
The transmitter humidity limit is 100% RH per vendor specifica-
tions listed in Sections 8.2. From Section 8.2, the maximum
humidity at the transmitter location during accident operation is
95% RH. Therefore:
e2Ha « 0
33.7%.3 Pressure Error (e2Pa)
There are no ambient pressure errors described in the vendor's
spec._fications for this device. Based on Assumption 5.2, ambient
oréngure effects associated with the transmitter are included in
ihscrument reference accuracy, Therefore:
e2la = 0
11.7.3 Power Supply Effects (e2Va)
. Per Section 8.1, e2Vvn = 0.005% span/volt
Per Reference 3.5, table 3, the raximum a4 minimum operating
voltage available to drive the transmittoers are 26 Vdc and 22 Vdc,
r 3pectively. Therefore, the maximum voltage variation possible
for operating the transmitter is 4 Vdc.
‘@2Va = 0.000050 (200" W.C.)® 4V )/1V
= :0.04" W.C.

Using the transfer function determined in Section 11.4.1, The
power pupply error term expresced as transmitter output is as fol-

lows
e2vVa,,, = :(e2va,, © (4T/4P)
e +(0.04" W.C.)0(0.08 mA/" W.C.)
= ; 0,.0032 mA
. 7.4 Process Error (e2pa)
Process measurement errors are associated with the fiow element
and were evaluated under Section 1..2.1. There are no additional
‘ process errors associsted with the trunsmitter. Therefore,
e2pa = 0
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11.7.9 Insulation Resistance Error (e2lRa)

Per References 3.18 and 3.19, the insulation resistance error is
considered negligible with respect to other error terms,

Therefore,
e2IRa =« 0

11.7.6 Non-Random Input Error (e2ina)

The non-random error present at the input to the transmitter is
due to the flow element and was calculated in Section 11.3.3

e2ina = el = : 1.6969% of flow span

From Section 8.2, the dp espan is 200" W.C.. Per Reference 3.2, %
flow span to % dp span is converted as below:

Bvaluating at maximum flow of 700 GPM:

S dr I maximum flow
] | Spal o - 4 .
fiow %} erroy R vy vy g
‘I’ 81,6960 flow span + emcbetBAl . 20 SN
e 700 o™
\ S dp span « $£3.3938%
e2inag 50 oem « + 3.3939% span ® (200" W.C./100% span)

e ¢+ $§.7076" N.C.

This error is propagated through the transmitter using the
derivative of the transfer function determined in Section 11.5.1,

as follows:
e2inag, = +(e2inay yo gw) (BT,/5P)
« +(6.7876" W.C.)(0.08 mA/" W.C.)

0.543008 mA
3 i7. Y Transmitter Total Non-Random Error (le2a)
te2a = (e2Ha + e2Pa + e2Va + e2pa + eiiRa + e2inag,,)

= +(0 ¢« 0+ 0.0032 mA « 0 « 0 +« 0.543008 mA)

‘ = + V.546208 mA
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11.8 MASTER TRIP UNIT ERRORS (MODULE 3)

Module 3 Has an analog input with a discrete output, classified as
a bistable module.

11.8.1 Random Error - Bistable Module (oy) (Master Trip Unit)
11.8.1 MTU Trip Point Repeatability (RPT2)
The vendor repeatability specification listed in Section 8.2
defines a 20 value that is accurate for 6 months (Design Inputs
4.3, .4). The calibration frequency (§I) is 18 months and the
late factor (LF) is 4.5 months. Therefore,
The maximum temperature at the MTU location is 80'F (which is
within the vendor's 60'F to 90'F repeatability spec.) and the input
span is 4.0 Vdc.
RPT3n =« :(0.13% of span /100'F) /6 months) (8I) (1 + LF/8I)
RPT3n « «+([0.0013. (4.0 Vdc))/6émonths)® (18 months)®(1+ 4.5/18)

. « + 0.0195 vdc

The vendor's specification for accuracy is a 20 value. Therefore,
the standard deviation for reference accuracy is as follows,

RPT3n,,,, « (+ 0.0195 vdc) / 2
= :+ 0.00975 vdc
11.8.2 MTU Calibration Ev:ror (CAL3)
11.8.2.1 Calculation of “T¥3,

From Section 9.2.2.6, The worst case MTE used to measure the input
to the MTE is

MTE3,, = : 0.00220 vdc
33:8:3.3 Calculation of STD3

The error due to calibration accuracy of calibration equipment is
assumed to be negligible. Tharefore,

STD3 « 0
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11

%

11.

.8.4 Random Input Errors (o3ina)

11.

The calibration error is determined as follows:
CAL3 « [(MTE3,)? + (STDD)?)"
« :[(0.00220 vdc)? + (0)%)*
« :+ 0.00220 Vvdc
8.3 Setting Tolerance (8T3)

The master trip unit setpoint setting tolerance is given in
Section 10.M,

8T2 = : 0.012 Vdc

Per Section «<.1.a, STl is considered as a 30 value, therefore
8Ty ey * 8Ty/3.

8Ty, = + 0.012 Vdc/3 = :0.004 Vdc

The random error present at the input to the MTU is due to the
transmitter and was calculated in Section 11.4.2.11. Calculation
of 02, i8 equivalent to the scaling conversion due to the
Linoarriy of the devices. The value for o2n determined for the
transmirter is provided in terms of the transmitter output.
Therefore,

o3inn = 02, =~ 020
o3ina = : 0.551936 mA

Convert o3ina from 4 to 20mA to 1 to 5 Vdc by multiplying with
2500 resistor,

o3inn = + (0.552310 mA) o (250Q)
= » 0.138078 Vvdc
8.5 Drift Error (D3)

Based on Design Input 4.3, the drift error associated with the
MTU is included in the repeatability. Therefore:

D3 = 0
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11.8.6 Temperature Error (e3Tn)

Based on Design Input 4.3, the temperature error associated with
the MTU is included in the repeatability. Therefore:

e3iTn = 0
11.8.7 Determination of MTU Random Errors (o3n)
o3n = [(RPT3(,,,)? +(CAL3)? + (8T2)? + (o3inn)?+(D3)? +(e3Tn)?)"?

« [(0.00975 Vdc)? +(0.00220 vde)? + (0.004 vde)?
+ (0.138078 vde)? « (0)% + (0)%)08

o3n = : 0.138497 Vvdc
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11.9 Random Error, Accident Conditions (o3a)
11.9.1 MTU Trip Point Repeatability (RPT3a)
The vendor does provide accident condition specifications for the
MTU. However, the MTU is located in a controlled environmental
area such that Normal Operating Conditions and Accident Condi-
tions are the same (Section 8.2). Fram Section 11.8.1,
RPT.;a = RPTINn = + 0.00975 vdc
11.9.3 MTU Calibration Errcr (CAL3)
Calibration of the MTU takes place during normal plant condi-
tione. Therefore, The calibration error for normal and accident
conditions are the same. From Section 11.8.2:
CAL3 = :+ 0.00220 Vac
34.9.3 MTU Setting Tolerance (S8T3)
Calibration of the MTU takes place during normal plant condi-
. tions. Therefore, The setting tolerance for normal and accident
conditions are the same. From Section 11.8.3:
8T3 = :+ 0.00s Vic
11.9 .4 Nrift Error (e3D)

Based un Lesign Input 4.3, the drift error associated with the
MTU is included in the repeatability error. Therefore:

eiD = 0
11.9.% Temperature Error (e2Ta)

Based on Design Input 4.3, the temperature error associated with
the MTU is included in the repeatability error. Therefore:

e3Ta = C

C
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11.9.6 Random Input Errors (o3ina)
The random error present at the input to the MTU is due to the
transmitter and was calculated in Section 11.5.11. Calculation of
02y, i8 equivalent to the scaling conversion due to the
linearity of the devices. The value for o2a determined for the

transmitter is provided in terms of the transmitter output.
Therefore,

o3ina = 02, = :02a
o3ina = : 0.628431 mA

Convert o3ina from 4 to 20mA to 1 to 5 Vdc by multiplying with
2500 resistor,

o3ina = 2 (0.628431 mA) o (2500Q)
=+ 0.157108 vdc
11.9.7 Determination of MTU Random Errors (o3a)
’ vda = [(RPM(,,,)% «(CAL3)? + (8T3)? + (03ina)?+(D3)? +(e3Ta)?)0*

((0.00975 vdc)? +(0.00220 Vde)? + (0.004 vde)?
(0.157108 vdc)? +« (0)% + (0)%) 08

+ 0

ola + 0.157476 Vvdc

¥
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' 11.10 Non-Random Errors for Normal Operation (lelin)

11.10.1 Humidity Error (e3Hn)
There are no humidity related errors described in the vendor's
specifications for this device. Pased on assumption 5.2,

humidity effects associated ° ith the MTU are included in the
repeatability error. Theretoure:

e3ln = 0
11.10.2 Radiation Error (e3Rn)
Based on Reference 3.5, the radiation level within the MTU envi-
ronment during accident plant conditions is < 1 x 10° RADS TID.
From Reference 3.8, the accuracy of the MTU will remain within

its stated repeatability within radiation levels « 1 X 10° RADS
TID. Therefore:

e3Rn = 0
‘ 31:.30:3 Seismic Error (e3Sn)

A seismic event defines a particular type of accident condition.
Errors included on the instrument due to seismic vibrations are

defined only for accident conditions and therefore, are not
applicable during normal plant conditions.

eisSn = 0
11.10.4 Static Pressure Error (e3SPn)

The MTU is an electrical device and as such is not affected by
static pressure changes. Therefore:

elSPn = 0
11.40.5 Pressure Error (e3Pn)

Tha MTU is an electrical device and as such is not affected by
ambient pressure changes. Therefore:

eiPn = 0
11.10.6 Power Supply Error (e3Vn)
There are no power supply variation effects stated in the

vendor's specifications for this device. Based on assumption
§.2, error effects associated with power supply fluctuations are
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included in the repeatability error. Therefore:
eivn = 0

11.10 7 Process Error (eldpn)

The MTU is an electrical device and as such is not affected by
process errors. Therefore:

eipn = 0
11.10.8 Non-Random Input Error (e3inn)

The non-random error present at the input to the trip unit, is
due to the transmitter and was calculated in Section 11.6.7:

elinn = Ye2n
=+ 0.0032 mA

Convert e3inn from 4 to 20mA to 1 to 5 Vdc by multiplying with
2500 resistor,

eiinn = ¢+ (0.0032 mA) o (250Q)
= : 0.0008 vdc

11.10.9 Insulation Resistance Error (e3IRn)

Insulation resistance error is not applicable during normal plant
conditions, which have a small controlled range of temperature
and humidity conditions, and there is no effect apnlicable as

noted belnw:
e2IRn = ¢
11.10.10 Totel Non-Random Error (fe3n)

The total non-random error for the MTU under normal operating
conditions is determined bel w.

Vedrnr = :(e3Hn + e3Rn + e38Sn + €3SPn + eiPn + e3Vn + elpn
+ elinn + elIRn)

= +(0 « 0 « 0 « 0«0 «+ 0+ 0+ 0.0008 Vac + 0)

=+ 0.0008 Vdc
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21.11 Non-Random Errors for Accident Operation (le3a)
11 11.1 Humidity Error (elHa)
There are no humjdiLy velated errors described in the vendor's
specifications for this device. Based on assumption 5.4, humidity
effects associated with the MTU are included in the repeatability
error. Therefore:
e3Ha = 0
11.11.2 Radiation Error (e3Ra)
Basaod on Reference 3.5, the radiation level within the MTU envi-
ronment duriug accident plant conditions is < 1 Xx 10° RADS TID.
: From Reference 3.8, the cccuracy of the MTU will remain within its
stated repeatability within radiation levels : 1 x 10° RADS TID.
Therefore:
e3Ra = 0
' 11.11.3 Seismic Error (elSa)
From Section 8.2, and Reference 3.16, the MTU will remain within
its stated repeatability when subjected to seismic vibrations with
a ZPA of 1.17 g OBE and 1.75 g SSE, Which is well above the
station guidelines of 0.02g. Therefore:
eiSa = 0
11.11.4 Static Pressure Error (eifPa)

The MTU ig an electrical device and as such is not affected by
static pressure changes. Therefore:

eiSPa = 0
11.11.5 Pressure Error (e3Pa)

The MTU is an electrical device and as such is not affected by
ambiant pressure changes. Therefore:

elPa = 0
11.11.6 Power Supply Error (eiVa)

There are no power supply variation effects stated in the vendor's
specifications for this device. Based on Assumption 5.2, error
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effects associated with power supply fluctuations are included in
the repeartability error. Tlerefore:

eivVa = 0
11.11.7 Process Errnr (e3pa)

The MTU is an electrical device and as such is not affected by
process errors. Therefcre:

eipa = 0
11.11.8 Non-Random Input Error (e3ina)

The pon-random error present at the input to the trip unit, Ye2a,
is due to the transmitter ard was calculated in Section 11.7.7:

elina = Ye2a
elina = + 0.546208 mA
Convert e3dinn from 4 to 20mA to 1 to 5 Vdc by multiplying with
2500 resistor,
e3ina = :+ (0.546208 mA) o (250Q)
= + 0.136552 Vdc

11.11.9 Insulation Resistance Error (e2IRa)

Per References 3.18 and 3.19, the insulation resistance error is
considered negligible with respect to other error terms,
Therefore,

e3IRa = 0
11.11.10 Total Non-Random Error (fe3a)

The total non-random error for the MIU under accident operating
conditions is determined below.

Yela = (e3Ha + e3Ra + elSa + e3SPa + e3Pa + elVa + el3pa + elina
+ e€3IRa)

s« (0O + 0O ¢+ 0+ 0+ 0+ 0+ 0 + 0.136552 vVdc + 0)

Yela = : 0.136552 Vvdc

®

REVISION NO. 0




NEP.42-02
Revision §

COMMONWEALTH EDISON COMPANY

'CALCULATION NO. L-001443 PAGE 51 of 53

12.0 TOTAL ERROR, NORMAL QOPERATING AND ACCIDENT CONDITIONS (TE3)

Per Reference 3.2 methodology, the total error is defined as;

TE3 = 20(03) + Lel
where: 03 « total randon error
Lel + total non-random error
& 55 | Total Error, Normal Operating Conditions (TE3n)
From Section 11.8.7, o3n = : 0.138403 Vvdc
From Section 11.10.10, Ze3n = «+ 0.0008 Vvdc
TE3n = + (2 ® 0.138497 Vvdc) + 0.0008 Vdc

Converting Total error (TE3n) in to process error (GPM),
Per Section 10.0, 0 to 700 GPM corresponds to 4 to 20 mA, which
converts to 1 to 5 Vdc signal input to trip unit. Therefore, the
’ transfer function of the trip unit can be written as,
T = (700 GPM/ 4 Vdc) (dP - 0) + 1 Vdc

The partial derivative of T with respect to dP yields:

8T/64P = (700 GPM/4 Vdc) = 175 GPM/ Vdc

TE3n ; + (0.277794 Vdc)e (175 GPM/Vdc)

= : 48.61395 GPM = + 50 GPM [20]

13.4 Total Error, Accident Conditions (TE3a)

From Section 11.9.7 o3a = : 0.157457 Vvdc
From Section 11.11.10, telda = : 0.136552 Vdc

|
|
=« 0.277794 Vdc (20])

TE3a = :+ (2 ® 0.157476 Vvdc) + 0.136552 Vdc
= : 0.451504 Vvdc [20]
Converting Total error (TE3a) in to process error (GPM),
TE3a = :+ (0.451504 Vdc)e (175 GPM/Vdc)

= : 79.0132 + 80 GPM (20]
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13.0 ERROR ANALYSIS
13.4 DETERMINATION OF ALLOWABLE VALUE AND NOMINAL TRIP SETPOINT.

From Section 10.0,
Analytical Limit (AL) = 600 GPM
13.2 DETERMINATION OF NOMINAL TRIP SETPOINT (NTSP)
From Section 12.2, total error TE3a = : 80 GPM

For conservatism, an additional margin of :1% of AL will be added
for the determination of the setpoint.

MAR = : (0.01) (600 GPM; = : € GPM

From Reference 3.2, the nominal trip setpoint is calculated for
the actuation on a increasing process parameter is given as,

NTSP = AL - (TE3a + MAR)

' = 600 GPM - (80 GPM + 6 GPM]
= 514 GPM, This value be rounded down to 500 GPM
33.3 DETERMINATION OF ALLOWABLE VALUE (AV)
From Section 12.1, total error TE3n = : 50 GPM

From Reference 3.2, the allowable value is calculated for the
actuation on a increasing process parameter is given as

AV = (NTSP + TE3n)
= (500 GPM + 50 GPM)

= 550 GPM

&
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14.0 ERRCR ANALYSIS SUMMARY AND CONCLUSIONS

This calculation determined the allowabls value (AV) and the
Nominal Trip Setpoint (NTSP) for the Reactor Water Clean up system
high flow break detection isolation.

The setpoint and allowable value are Jetermined based on the
Analytical limit of 600 GPM. The setpoint of 500 GPM, and an
Allowable Value of 550 GPM providés 95/9% assurances that it will
not exceed design and licensing bases.

The acceptance criteria, as defined in Section 2.2, has been met.

This calculation indicates with a high degree of confidence, for
the following instruments, that the Tech Spec LCO (Allowable
value) and Analytical Limit will not be exceeded under accident
and normal conditions respectively, when the transmitter/trip unit
are calibrated to the new determined setpoint, and using the test
equipment specified in Section 9.0.

1G33-NO41A,B 1G33-N60SA,B

‘ THE INSTRUMENT MAINTENANCE DEPARTMENT SHOULD DEVELOP A PROCEDURE

TO ACCOUNT FOR HIGH LINE STATIC PRESSURE FTFELT. THIS CALCULATION
IS PREPARED WITH A PROCESS RANGE OF 0 TO )0 GPM CORRESPONDING TO
A DP OF 0 TO 200" W.C. THIS RANGE DOES NOT ACCOUNT FOR HIGH LINE
PRESSURE EFFECT. THIS SETTING TOLERANCE FOR THE TRANSMITTER
SHOULD BE : 0.02 Vdc, and THE MASTER TRIP UNIT SHOULD BE : 0.012
vdc.

‘ (FINAL]
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RECORD OF TELEPHONE CONVERSATION
Rev. o

Date _09/09/94

Between __ VikamShah and B Baloves
of Signals & Safeguards of CECo.

Telephone _815 1§7-6761, Ext. 2673 Subject Calibration of Rosemount Transmitiers and
the Span & : le Station, Station _LaSalle Station Units 1 and 2

Memorandum

I explained to Mr. Bejlovec the purpose of my call. I asked him if the LaSalle Instrument
Mechanic Department have been instructed to chaeck the zero and span adjustment at he ume

of the calibration

Answer

Mr.Bejlovec has stated that it is a general practice that every rosemount transmitters are check
for the static and span correction at the time of the calibration. They have been asked to follow
the manufacturer's instruction to perform the adjustment on the span & zero adjustment.
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Re: Pressure Transnitter Performance Specifications

Mr. Ed Kaczmorski
Commonwealth Ediscn Co.
Nuclear Engineering

1400 OPUS Place; Suite 400
Downers Grove, iL 60518

Dear Mr, Kaczmorski,

Per your request, the following information is forwarded to
clarify the performance specifications of Rosemount
commercial grade and nuclear gualified instrumentation.

Nuclear oualified Instrumentation:

Rosemount Nuclear Qualified instrumentation applicable to
commonwealth Edison Plants are the Model 1152, 1153 Eeries
B, 1153 Series D, 1154 and 1134 Series H Pressure
Transmitters; Model 353C Conduit Seals; and the Model 710DU
Trip/Calibration System. The specifications referenced in
Rosemount literature are separated into ‘Nuclear
Specifications’ which include the DBE simulation and
‘Performance Specifications’ which include transmitter
performance under plant reference conditions.

The ‘Nuclear Specifications’ which include Radiation,
Seismic, LOCA/HELB, and Post DBE are derived from the Type
Testing completed on each model type. Due to the limited
sample size in the Type Tests, these specifications are
based on worst case arrors plus margin as referenced in IEEE
123=1574 (1983). For most practical purposes, these
spacifications are considered 2-sigma. (Two standard
deviations).

The ‘Performance Specifications’ are determined from testing
completed on large samples of each model type. In addition,
all manufactured units are tested to insure meating
published specifications prior to shipment. Therefore,
these specifications are considered d~pigma. (Three
standard deviations).

There i3 one exception to this rule. The Point prift
Specification of +.20% URL for 24 Months which replaces the
stability Specificaticn of +/=-,25% URL for é months for all
nuclear transmitters is considered to be 2-sigma based on
the sample size used during testing.
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Conmexcial r-.ade Instrumentation:

The specifications published for Rosemount commercial grade
instrumentations are considered to be 3J-sigma. All Model
1181 Transmittere, 444 Temparsture Transmitters and rolated
nardvare specifications ware based con testing of very large
sample sizes. In addition, most all specifications are
varified during manufacturing of the instruments.

Specitications written as +/- for both Nuclear and
conmercial Grade instrumentation implies random uncertainty
allovances within the specification band. These
specifications are normally distributed for most practical
purposes.

We anticipate this information will assist you in the
interpretation of Rosemount specifications. If we can be of
surther assistance, please do not hesitate to contact us,

Sinceraly, .

ALY
T:;othy J ;;;:;

Marketing Engineer
Rosemount Nuclear Products

ce: N, Hyrniw #7

TIL
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STATIC PRESSURE EFFECTS 3-3
ON ROSEMOUNT NUCLEAR TRANSMITTERS

‘ To obtain the highes! accuracy flow ang pressure measurements an understanding of the eflects
of high static pressure 1s needed The purpose of this data sheel 1s 10 explain the eflects of high
static pressure o) Rosemount nuciear pressure transmitiers

Static pressure afects the b-cell in two different and independent ways. These eHects are known
as the zero effect and the span effect

The first effect occurs with zero input differential 10 the cell. In this case, the effect of the stauc
pressure on both the high and low side tend 10 cancel each other. The slight remaining shift in output
is caled the static pressure effect on 2ero of 2810 effect. While the maximum magnitude of the zero
effec! is predictable, its direction s not However, the effect is repeatable for an individual transmitter
and can be eliminaied by sunpiy 1e-28/0iNg the transmitter atline pressura

To understand the second effect of stalic pressure. called the span effect, itis necessary 0 understand
the inner workings of the b-cell

The b-cell is 8 vanable capacitance device. In the cell, differental pressure moves the sensing
diaphragm betwoen two fixed capacior plates. See Figure 1. The varying capacitance between the
sensing diaphragm and the plates 1s converned electronically 1o a 4-20 mA dc output that it is directly
proportional to the differential pressure

In the actual cell design the sensing diaphragm 1s stretched between the fixed plates and welded
10 the cylindncal body of the cel

When high pressure 1s app'ied o both sides of the cell a slight deformation takes place, increasing
lension radiaily in the sensing Gaphragm. See Figure 2. The net efect of the increased tension 1s
that the sensing diaphragm ma~ves away from its nearer wall or capacitor plate, (this only happens
al pressures other than zero ditferential pressure). As the stalic pressure increases the tension Increases
causing a greater movement of the diaphragm. The movement of the diaphragm is always toward
the zero differential pressure, or center position. With this in mind you can see the effect is lo decrease
outpul as static pressure is increased. In other words as static pressure increases, a shightly higher
difterential pressure is required 1o move the sensing diaphragm a given amount
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When 20r0 is elevaled. or a higher pressure is applied 10 the low side than 10 the high side, the
eflect 1s 10 increase oulput as slabc pressure InUreases. This 15 easier 10 understand if you remember
that in an elevaled zero situation the position of the diaphragm at & mA is 10 the left of center Note
Figure 2. As process differential pressure increases. the diaphragm moves back toward the center
position. The radial tension created by the stalic pressure causes the diaphragm 10 move even closer
10 the center position, thus iIncreasing output.

The shift is calied the static pressure effect on span or span effect, and is systematic or predictable,
repeatable, and linear. Because the effect is systematc it can be calibrated out for any given stalic
pressure and ca'ibrated span. Testing done at Rosemount Inc., umg a DeGranges differenual dead-
weight lester, and by others has confirmed the correction factors Rosemount Inc. specifies. There
i an uncertainty associaled with the correction, but this uncenainty is typically less than the published
speciication of = 0.5% of reading per 1000 psi.

SPAN CORRECTION SAMPLE PROCEDURE

The tollowing is an exarple of how 10 correct for the effec] of slaiic pressure. The correction procedure
uses the case of a Range Code 5 calibrated - 100 inH;0 10 + 300 inH,0 with 1200 psi line pressure.
Note that steps 2-5 are omitted for ranges based at zero differential pressure. From the instruction
mmu.wmm'mmwcmsno.n%ocmw1ooowmucmum.1o

m.uumsundmwibmionprmuwwibmnhounnoolhllnsoutputisdma - 100
in. and 20 mA at ¢aoomH,O.Thonuumoiouowmp:ooodunlocorrocﬂormmncpumn
effect.

1. Caiculate correction factor:
0.75%/1000 psi x 1200 psi = 0.9% of differential pressure Input.

Calculate 4 mA or zero point adjustment correction in terms of pressure: 0.9% of ~100 inH,0
= ~0.9inH,0. ;

Convert zero point correction from pressure 1o percent of input span: - 0.9 inH,;0/400 in. input
span = - 0.225% span.

Calculate zero point correction in terms of output span (mA): - 0.225% of 16 mA span = ~0.036
mA.

§. Arithmetically add zero correction to ideal zero output (4 mA). This is the corrected ideal zero
output. 4 00 mA ~ 0.036 = 3.964 mA.

6. Calculate full scale or 20 mA point adjustment correction in terms of pressure: 0.9% of 300 inH,0
= 2.7inH;0.

7. Repeat step 3 with the results of step 6. 2.7 in. per 400 in. input span = 0.675% span.

8. Repeal step 4 using the resultof step 7: 0.675%of 16 mA = 0.108 mA.

9 Anthmetically add full scale correction 10 ideal full scale output (20 mA). This is the corrected
ideal full scale output: 20.00mA + 0.108 = 20.108 mA.

10. Readjust zero and span adjustments for corrected outputs:
3.964mAat - 100inH,0
20.108 mA at + 300 inH,0

ZERO CORRECTION

L

w

>

The static pressure zero effect can be timmed out after installation with the unit at operating pressure.
Equalize pressure 10 both process connections, and tum the zero adjustment until the ideal output
at zero differential input is observed. Do not readjust the span pot. This completely eliminales the
zero effect of line pressure. Please note that re-zerving the transmitter will shift all of the calibration
points the same amount toward the correct reading.

12001 TECHNOLOGY DRIVE EDEN PRAIRIE. MINNESOTA 55344 US A

PHONE (812) 941.5560 TELEX 4310024, 4310012 CABLE. ROSEMOUNT
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STATIC PRESSURE £FSCTS 8-5
ON ROSEMOUNT NUCLEAFR TRAHSMTTERS z
ZERO EFFECT CORRECTION PROCEDURE FEN AL
. The zero eflect (or 2er0 shift, associated with a static line pressure applied 10 a differential transmitter will be

repeatable for & given transmitier, and can be eliminated by simply re-2ering the ransmitier at line pressure with zero
DP across the unit.

¥ however the transmitter does not include zero DP within its calibrated span, the zero efect Or Zero correction can
be datermined belore the untt is suppressed or slevaled 10 sliminate the zero eflect atter correctng for the span
eftect.

The procedure ilustraies how 1© sliminate the zero sfiect for & non-zero DP based calibration. The example
uses a Range Senlbm.d100hHgO|o500thomh12wptiucmwmuc.

¥ MM&Mubmv\MurﬂwhnﬂMuMb required span, with the 4 ma or ZERO point
cormresponding w zero DP:

4 mA #t 0 inHz0 and 20 mA & 400 inH20

2 Apply static pressure 1o both H and L process connections with zer0 DP across the transmitier, and note the
20r0 correction (zero shift). For example, if the output reads 4.006 mA. the zero comeciion is calkculated as:

4.00 mA - 4,006 mA = <0.006 inA

Nohmuonwmmhonubnn"htnmwluwwwmmmw
final, ideal tranemitter oUtpUL.

-

Remove static pressure and comect for the span effect by foliowing the procedures as outlined in the
transmitier instruction mantial. Recalbrate the unit 1o the calculated output values. I, for example, the span
comection procedure yielded 4.028 mA and 20.144 mA, calbrate the unt for:

4.025 mA &t 100 InH20

t 20.144 mA at 500 InH20

4 Nm.aloobrna.v.ddmzmmad!wnthwZ(-o.OOOmA)bwmumpoimnlu-
calkculated in Step 3.

4.029 mA + (<0.006 mA) = 4 023 mA
5. To eliminate the zero eflect, nwwowmz'mwwthwmw&dﬂInmmm.d
hsupudonotnodiuathowaot). Notomudtmmmmwommlmmnw
mocunanm.moulmdoomhmd‘mmnwohuzo.
Tho\rmlwmmwmboﬂbmkowvnm.dmnmmrnuﬂbooomodn1200|nlluﬁc

line pressue. There is an uncertainty associated with the span comection, but this is typically less than the
publishad specification of * 0.5% of reading per 1000 psi.

o

Rosemount Inc. 12001 TECHNOLOGY DRIVE  EDEN PRAIRIE. MINNESOTA 85344 USA

PHONE: (612) §41-8560 TELEX: 4310024, 4310012 CABLE: ROGEMOUNT
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& elephone Call

Copies
By Neil Archambo of Bechtel
Te Tim Layer of Rosemount
pate June 16, 1993 Time 10:00 am
guhject Rosemount Modo;‘?loDU.Trip/ Job No. N/A
calibration Unit Specifications ; rile No. N/A
W&-’H' .

Mr. Layer was contacted in order toO c.arify the specifications listed in
the Rosenount Trip/Calibration system Model 710DU Operations Manual.
clarification was regquired for the following:
- Master Trip Unit (MTU)
Analog Outpuc Accuracy (N>rmal Conditions)
Trip Output Repeatability (Normal Conditions)

- Slave Trip Unit (STU)
‘ Trip Output Repeatability (Normal conditions)

- calibration Unit Accuracy
The equation listed for the MTU Analog Output Accuracy is as follows:
40.15% (60° to 90°F) +0.35%/100°F

According to Mr. lLayer, +he above eguation is to be used in the following
manner:

- For ambjent temperatures in the range of 60° to 90°F,
Analog Output Accuracy = +0.15% (SPAN)
- For ambient temperatvies above 90°F,
Analog Output Accuracy = +(0.15% (SPAN) \0.35%)(SPAN)/IOO'F)(AT))

Where: AT = Ambient Temperature = 90°F
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For example, suppose the ambient temperature at the trip unit location is
120°F. The associated trip unit analog output accuracy would be:

Analog Output Accuracy = 2(0.15%(SPAN) + (0.35%) (SPAN) /100°F) (AT))
Analog Output Accuracy = $(0.15%(4 Vdc) + (0.35%) (4 Vdc) /100°F) (30°F))
Aralog Output Accuracy = #0.0102 Vdc

The trip output repeatability tor both the MTU and STU is calculated in the
manner listed above. The eguations are clarified below for ambient
temperatures above 90°F:

MTU Trip Output Repeatability (MTUyg,):

MTUgo = 2(0.13%(SPAN) + (0.2%) (SPAN) /100°F) (AT))
STU Trip Output Repeatability (8TUg):

STUsop = 2(0.2%(SPAN) + (0.35%) (SPAN) /100°F) (AT))

In addition, Mr. Layer stated that the trip setpoint repeatability
equations listed above include reference accuracy, temperature effects, and
'ft. The equations are accurate for 6 months. Based on calibration
,cedure DIS 1400-02, the trip units are calibrated every three months.
nowever, Mr. Layer stated that the errors would not be reduced by
calibrating more frugquently than 6 months. o

The MTU and STU trip setpoints are calibrated using the calibration unit
supplied with the Model 710DU. Mr. Layer stated that errors associated
with the calibration unit are included in the repeat:bility error equations
listed above. Therefore, no additional error evaluations are required for
the calibration of the MTU and STU.
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September 30, 1993

Mr. Victor Shah

Signals & Safegaurds

3375 N. Arlington Heights Road
Suite C

Arlington Heights, IL 60004

Subj Nuclear Qualified Instrumentation Confidence Levels S ST
Ref  June 24, 1991 Letterto E Kazemarski of Commonwealth Edison

Dear Mr. Shaw,

The above referenced letter directed to E Kazemarski of Commonwealth Edison Co. was
issued to state the confidence levels of Rosemount nuclear qualified pressure transmitter
and nuclear qualified trip/calibration system specifications

As we discussed, one correction and one clarification to the information supplied in the
letter is required

The correction to the above referenced letter is that the Model $10DU and/or 710DU
Trip/Calibration System performance specifications should be considered a two-sigma
confidence specification [he reason is that the Trip Point Repeatability Specification is a
time-based specification over a six month period. Since Rosemount does not test 100% of
trip units over a six month period to verify compliance with the specification, and sinc2 the
qualification testing used a statistically small sample size, we cannot state a three-sigma
confidence.

The clarification required involves the Model 1154 Series H Transmitter Ambient
\emparature Effec: Specification The Model 1154 Series H has two Ambient
Temperature Effect Specifications as follows

Three-sigma:
+ (0.75% URL + 0.50% Span) per 100 F over the Range 40 t0 200 F

Two-sigma
+ (0 15% URL + 0.35% Span) per 50 F over the Range 40 to 130 F



-

Resemount tnc.

1266 1rapp Roa D-2

Eagen MN 85121 USA Loe:« ¢« Rev. O
(FrmaL)

Performance Specifications

09/30/93

Page 2

As we discussed, Rosemount issued a 10CFR21 notification alerting users of Model 1154
Series H Transmitters that some units may not meet the two-sigma Ambient Temperature
Effect Specification. All units met the three-sigma specification The 10CFR21
notification listed a interim specification which should be used until more detziled
evaluation is compieted by Rosemount (Reference Notification dated May 27, 1993)
The corrective action Rosemount 1§ implementing in response (0 this i35.¢ (8 1O revic v (he
production data for all transmitters shipped to determine,

10 Units meet the two-sigma specification

20  Units meet the interim specification

30  All pew production units (100%) will be tested to the two-sigma
specification, thus, resulting in a three-sigma confidence for new units
ordered

The evaluation of data for units shipped 10 the LaSalle Station should be completed in the
next two weeks Results will be issued to Mr. Seckenger at LaSalle and CECO
Engineering

Sincerely,

ZJ( /

Timothy J Layer 2

Sr. Marketing Engineer
Rosemount Nuciear Products

TIL/
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COMED NUCLEAR DESIGN INFORMATION TRANSMITTAL

" Bubject

Setpoint with new flow transmitter and tr.p unit in RWCU Recire Line

() sAFETY-RELATED Onginating Organzs.an NDIT No.: LAS-ENDIT-0836
[[J NON-SAFETY-RELATED Sectior ICPED Upgrade 0

[0 REGULATORY RELATED | Company Sargent & Lundy Aot 43

Staton LaSale County Units 1 System To: Shah, Vikram - ComEd,

Design Change Authority No  AVA RT

Byskosh Roman € Project Engineer Zé%: 117897
Prevare Poson Soraty oy | e
Florian Qobert A Project E. gineer /%.a‘ G B nre 1
Ey— Posston Dae
Ghlautra. Vinod K Senior Project Engineer | (j- 111097
Apprtve: Posor w Date

Status of Information: [T] Approved for Use  [[] Unverified
DEme

Purpose of lssuance
DCP 8700832, ECNs 001368E (ESS!) and 001369E (ESS2)

mmammwmmdkwcumnmwmnumnmmm

Source of Information
1) Vendor Drawing (Spec. J2961) 73927-1 .21, Rev 1
2) UFSAR Section 3, Table 3 11-25 (AEER), Figure 3 11 - 1

Table 3 118 (Rx Bidg ), Figure 311-1,311.3

Description of Information

me\qﬁowmmmmmlnumoammmmnm
RWCU Recircutation Line for EQ purposes

response time for detecting and isolating a break in the

Instrument Manutacturer Mode! No Location Elc Div EQ Zone
Transmitte: Rosemount 1154 DM SR 1H22-P010 1 MLA
(FTA1G33-NO4 1A) (Rx Biag)
(Elev 7108
(Col 14-E)
Master Trip Rosemount 710 DU 1H13.P829 1 ciB
Unnt (AEER)
(FS-1G33-N60SA)
W: SEAC
Jones, Gary C - § & Lundy,
+ Sargent & Lundy, I"PED
P - ComEd, DE-E
Microfilming
S& L Home Office
WIN No . 2560
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COMED NUCLEAR DESIGN INFORMATION TRANSMITTAL

[ sareTY RELATED Onginating Organaation NDIT No.: LAS-ENDIT-0836
[ MON-SAFETY-RELATED Section ICPED Upgrade 0
[0) REGULATORY RELATED |  Compuny Sargent & Lundy N 3 ¢ 3
Transmitter Fosemount 1154 DH SR Locally Mid 2 H4A
(FT-1G33-NO41B) next 1

1H22-F010

(Reactor Bigg)
Maste: Trip Rosamount 710 DU 1H13-PE31 2 ciB
(" AEER)
(FS-1G33-N809B)
The analytical v, 168 been set gt 800 gpm ot ~.orme’ CRErEiNg NS Process (sndione  The kgt & ™8 Lo 1 Vatect break Kow o

wnwmlo linits. Dut high enough 10 avold SPUNOUS BCURNONS JUNNG BYBIeM u Lns %‘ﬂ v "._: ')'Q“‘"‘ 16 MOV

Per s¢ oo 1, the process calibrated DF st 1020PSIA & 533 Deg rwummymmmm.ﬂgmm«o
700 gpm

The flow . "itonng instrument loop will be calibrated every refuel ~ycle

The instrument loop 18 considered safety-related and has to I operable following a dusign basis accident

The EQ zones are established per Source 2

DP @ Desnr Flow is 101 62 in WC comesponding to 500 gpm. This does not include cormect'on for high line pressures

ComEd - Nuclear Operations Disivion




