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1.0 OBJECTIVE

1.1 To determine the instrument uncertainty, setpoint, and Allowable Value
for Main Steam Line Pressure-Low (instruments 1 B21N076A-D and
1B21N676A-D).

1.2 This calculation evaluates the adequacy of the current setpoints and
allowable values in relationship to the results of 1.1 above.

1.3 The setpoint and Allowable Value for the Main Steam Line Pressure-Low
was originally calculated and transmitted in IP-3040 (Input 4.9). GE letter
IP,3040 provided CPS specific setpoint information in the absence of a
formal CPS calculation. Now that this calculation is in place, these results
shall be used in lieu of GE letter IP-3040 results for the parameters
covered by this calculation.

2.0 ASSUMPTIONS

2.1 Published instrument vendor specifications are considered to be 2a values
unless specific information is available to indicate otherwise.
(Ref. 6.1, Section 4.1.3.4).

2.2 Temperature, humidity, power supply, and ambient pressure errors have
been incorporated when provided by the manufacturer. Otherwise, these
errors are assumed to be included in the manufacturer's accuracy or
repeatability specifications (Ref. 6. 1, Section 4.3.1 and Appendix A,
Section A.2.1).

2.3 Changes in ambient humidity are assumed to have a negligible effect on
the uncertainty of the instruments used in these loops (Ref. 6.1, Appendix
I, Section 1.2).

2.4 Normal radiation induced errors have been incorporated when provided by
the manufacturer. Otherwise, these errors are assumed to be small and
capable of being adjusted out each time the instrument is calibrated.
Therefore, unless specifically provided, normal radiation errors can be
assumed to be included within the instrument drift errors (Ref. 6.1,
Appendix 1, Section 1.1).
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2.5 If the manufacturer's instrument performance data does not specify Span,
Calibrated Span (CS), Upper Range Limit (URL), etc. the calculation will
assume URL because it will result in the most conservative estimate of
instrument uncertainty. In all cases the URL is greater than or equal to the
CS and it is conservative to use the URL in calculating instrument
uncertainties. This is because, by definition, URL is the maximum upper
calibrated span limit for the device (Reference 6.1, Section 2.2.92).

2.6 This analysis assumes that the instrument power supply stability (PSS) is
within ±5% (±1.2 Vdc) of a nominal 24 Vdc. (Rcf. 6.1, App. I, Sect. 1.1 1)

2.7 The Drift Effect will be determined with the assumption of a 30-month
calibration interval (24-month nominal plus 25%). Drift will be
determined using vendor provided data. Where vendor data is
unavailable, drift will be determined in accordance with Reference 6.1.

2.8 It is assumed that the M&TE listed in Section 7.0 of the calibration
procedures is calibrated to the required manufacturer's recommendations
and within the manufacturer's required environmental conditions.
Temperature related errors are based on the difference between the
manufacturer's specific calibration temperature and the worst-case
temperature at which the device is used (Ref. 6.4 and Ref. 6.1 Appendix
H.1).

2.9 Per Reference 6.1, it is assumed that the reference standards used for
calibrating M&TE or Calibration tools shall have an uncertainty
requirement of not more than 1/4 of the tolerance of the equipment being
calibrated. A greater uncertainty may be acceptable as limited by "State
of the Art". It is generally accepted that the published vendor accuracy of
the M&TE or Calibration tool includes the uncertainty of the calibration
standard M&TE when the 4:1 accuracy standard is satisfied. Hence,
Calibration Standard uncertainty is considered negligible to the overall
calibration error term and can be ignored. This assumption is based
primarily upon inherent M&TE conservatism built into the calculation.
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2.10 Review of historical maintenance work request for the loop indicates the
effects associated with EMI and RFI have not resulted in equipment
failure or degraded performance during the life of the plant. In addition,
vendor performance specifications and qualification test reports do not
provide an instrument error specification for the effects of EMI and RFI.
As such, any effect related to EMI and RFI are assumed to be negligible.
(Ref. 6.1, Section 4.3.1 and Appendix A, Section A.2.1).

2.11 Reference 6.1, Section C.3.14, states, "There are no realistic, identifiable
events which would result in a pipe break inside containment of the
magnitude required to cause a loss-of-coolant accident coincident with
safe shutdown earthquake." Therefore, this calculation considers the
effects of a seismic event and loss-of-coolant accident independently to
establish the worst-case scenario for the instrumentation being evaluated.
Consideration has been given to the accident that this equipment is
required to mitigate. As such, this calculation will consider the seismic
event as its worst case.

2.12 Per Reference 6.1, Section 4.1.2.2, CPS assumes that functions associated
with setpoints will function in their first trip during an event, the point in
time when they and they alone, are most relied upon for plant safety.
Worst-case environmental conditions, that assume failure of protective
equipment, or conditions that would only exist after the point of time
where manual operator action is expected, ,are not applicable to the
automatic trip functions that are expected or relied upon to occur in the
early part of an event. However, the plant operating conditions under
which the automatic trip must be operable should be evaluated. This
evaluation must consider the conditions under which the operator depends
most on the automatic actions triggered by the setpoint.

For the Main Steam Isolation functions initiated by Main Steam Line
Pressure-Low, the protective actions occur within seconds of the event
initiation. Per Input 4.9, there is no required accident function time of the
Main Steam Line Pressure-Low components. This is a period before
reactor power has been significantly reduced and before the operator has
had an opportunity to take control of the plant situation. During this early
period of the postulated event the core is not uncovered, therefore, no core
damage has occurred and no radioactive release would be expected. As
such, this calculation assumes the worst rational environmental condition
at the time of trip operation will not result in harsh temperature conditions
concurrent with high humidity, particularly steam environments, or harsh
radiation levels.
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Therefore, transmitter errors due to accident radiation effects and the error
attributed to insulation resistance accuracy (IRA) are negligible.

In high temperature environments the transmitter errors due to Accuracy
Temperature Effect are increased. However, a high temperature
environment with a significant impact on transmitter accuracy will not
form immediately at the time of reactor scram. Therefore, Accuracy
Temperature Effect errors associated with normal operating temperatures
are bounding for the Main Steam Line Pressure-Low transmitters.

3.0 METHODOLOGY

This calculation will determine the instrument uncertainty associated with the
Main Steam Line Pressure-Low transmitters and trip modules. The evaluation
will determine the loop setpoint and Allowable Value for the Main Steam Line
Pressure-Low isolation functions. Instrument uncertainty will be determined in
accordance with Reference 6.1, CI-01.00, "Instrument Setpoint Calculation
Methodology." The evaluation will then compare the current setpoint and
Allowable Value with the results determined by this calculation.

However, Per Section 2.1.3 of Reference 6.1, CI-01.00, "Instrument Setpoint
Calculation Methodology" states the standard provides flexibility in the precise
method in which a setpoint is determined.

As stated in Section 2.1.4 of Cl-01.00, the setpoint methodology is based on the
industry standard ANSI/ISA S67.04 (Reference 6.7). Recommended Practice
ANSI/RSA S67.04.02-2000 (Reference 6.8) provides a detailed methodology for
implementing Reference 6.7. CI-01.00 uses Method 1 of Recommended Practice
(Ref. 6.8, Section 7), to establish the relationship between the Analytical Limit
(AL), Allowable Value (AV) and Nominal Trip Sctpoint (NTSP). The
Recommended Practice details two other acceptable methods.

Using CI-01.00 standard methodology, AV was calculated as 840.5038 psig and
rounded away from the AL to 841 psig. This would require a setpoint change for
Main Steam Line Pressure - Low, from 849 to 850 psig. This methodology
results in a more conservative approximation of loop uncertainty than
Methodology 2 or 3 of Reference 6.8. This extra conservatism comes as a result
of effectively algebraically adding the Square Root Sum of the Squares (SRSS) of
AL, PMA & PEA to the SRSS of CL & DL, the sum of which, depending upon trip
direction, is appropriately added or subtracted from the AL to determine the
NTSP.

NTSPOc) = AL - [ (AL2 + PMA2 + PEA2 )"2 + (CL2 + DL2)'n ]-
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NTSP(DEC) = AL + [(AL2 + PMA2 + PEA2)1' + (CL2 + DL2 )1" ]

Combining the same error terms entirely by the SRSS method, per Reference 6.8
Methods 2 & 3, yields a smaller error term and an NTSP which demonstrates the
current Main Steam Line Pressure - Low setpoint is conservative.

NTSP(INC) = AL - (AL 2 + CL2 + DL2 + PMA2 + PEA2)"2

NTSP(DEc) = AL + (AL 2 + CL2 + DL 2 + PMA2 + PEA2 )12

Removing unnecessary conservatism, through use of an alternative industry
standard method, will still ensure plant safety as well as maintain the current
setpoints.

Method 3 of the Recomnmended Practice provides for calculation of the Allowable
value by summing the uncertainties of drift (DL) , calibration uncertainty (CL),
and "uncertainties during normal operation."

The CI-01.00 method of determining AFTL determines the SRSS of CL and DL.

The methodology used in this calculation to determine AV will be to
appropriately sum AFTL with NTSP.

AV(,,c) = NTSP + AFTL

AV(dec) = NTSP - AFTL

M&TE error will be determined from the results of Calculation IP-C-0089 (Input
4.7.1) which uses building temperature minimum and maximums to develop the
uncertainty, and review of the corresponding loop and device calibration
procedures (Inputs 4.2.1 through 4.2.7).

Per Reference 6.1, Head Correction is determined by evaluating either drawings,
survey data, and/or walk down data as applicable.
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4.0 INPUTS

4.1 P&IDs

4.1.1 M05-1002, Sheet 3, Rev. P, "P&ID Main Steam (MS)"

4.2 Calibration Procedures

4.2.1 CPS 9432.03, Rev. 33b,Change 1, "NS4 Main Steam Line Low
Pressure B21-N076A (B,C,D) Channel Calibration".

4.2.2 CPS 9432.03D001, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076A Channel Calibration Data Sheet".

4.2.3 CPS 9432.03D002, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076B Channel Calibration Data Sheet".

4.2.4 CPS 9432.03D003, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076C Channel Calibration Data Sheet".

4.2.5 CPS 9432.03D004, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076D Channel Calibration Data Sheet".

4.2.6 CPS 9030.01, Rev. 31, "Analog Trip Module (ATM) Functional
and Calibration Check Instructions".

4.2.7 CPS 9030.01C004, Rev. 24, "NS4 Main Steam Line Pressure B21-
N676A(B,C,D) Checklist"

4.3 Technical Manuals

4.3.1 K2801-0091, Tab 2, Rev. 9, "Rosemount Model 1153 Series B
Alphaline Pressure Transmitter for Nuclear Service" dated May,
1993.

4.3.2 K2801-0091, Tab 1, Rev. 9, "Rosemount Model 1152 Alphaline
Pressure Transmitter for Nuclear Service", dated January 1988.

4.3.3 Rosemount Nuclear Operations Group, "30 Month Stability
Specification for Rosemount Model 1152, 1153 and 1154 Pressure
Transmitters", Rosemount Report D8900126, Revision A.
(provided as Attachment 4)
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4.4 System Design Criteria

4.4.1 DC-ME-09-CP, Rev. 11, "Equipment Environmental Design
Conditions Design Criteria", (Zone Code H-54, Map Code T.3.1,
Turbine Oil Reservoir Room El. 762'; Map Code T.8, Steam
Tunnel El. 762'-0" to 796'-0" page 81, and Zone Code M-24, Map
Code D.6.2, Main Control Room & Electric Panel Room, El. 800'-
0", page 49).

4.5 CPS Drawings

4.5.1 MS-36, Rev. 4E, "Large Bore Isometric, Turbine Building Main
Steam", 04/29/85.

4.5.2 MS-909, Rev. 5, "Turbine Building Main Steam Piping"
4.5.3 MS-914, Rev. 5, "Turbine Building Main Steam Piping"
4.5.4 MS-916, Rev. 8, "Turbine Building Main Steam Piping"
4.5.5 MS-913, Rev. 5, "Turbine Building Main Steam Piping"
4.5.6 MS-9 10, Rev. 10, "Turbine Building Main Steam Piping"
4.5.7 MS-907, Rev. 8, "Turbine Building Main Steam Piping"
4.5.8 M25-1002-17A-K, Rev. U, "Control & Instrument Piping, Turbine

Bldg. EL 762'-0""
4.5.9 M25-1002-16A-K, Rev. V, "Control & Instrument Piping, Turbine

Bldg. EL 762'-0""
4.5.10 E03-1P661, Sheet 697, Rev. E, "Internal-External Wiring Diagram

NSPS Div. 1 Cabinet 1H13-P661"
4.5.11 E03-1P662, Sheet 690, Rev. E, "Internal-External Wiring Diagram

NSPS Div. 2 Cabinet 1H13-P662"
4.5.12 E03-1P663, Sheet 667, Rev. D, "Internal-External Wiring Diagram

NSPS Div. 3 Cabinet 1H13-P663"
4.5.13 E03-1P664, Sheet 663, Rev. D, "Internal-External Wiring Diagram

NSPS Div. 4 Cabinet 1H13-P664"
4.5.14 E02-INB99 Sheet 214, Rev. C, "Nuclear Boiler System (NB)

Nuclear Steam Supply Shutoff System (NSPS) (IB21-1090)".

4.6 Passport (D030), For Information Only

4.6.1 EIN 1B21N076A,C,D; Rosemount Transmitters, Model
1153GB9PC

4.6.2 EIN I B2 1N076B; Rosemount Transmitter, Model 11 52GP9E
4.6.3 EIN lB21N676A,B; GE Analog Trip Modules, Model

147D8505G001
4.6.4 EIN IB21N676C,D; GE Analog Trip Modules, Model

147D8505G005
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4.6.5 EIN PG1514, dated 10/15/00

4.7 Calculations

4.7.1 Calculation IP-C-0089, Rev. 0, "M&TE Uncertainty Calculation".

4.8 Equipment Qualification

4.8.1 EQ-CLO21, Rev. 35, "Qualification of Rosemount Transmitters
Models 1153 Series B and 1154".

4.8.2 SQ-CLOO1, Rev. 29, Rosemount 1153 Series B and 1154
transmitters.

4.8.3 SQ-CL603, Rev. 15, Qualification for MCR Panels.

4.9 GE Letter, IP-3040, dated January 23, 1987; CPS File Number N55-87(1-
23)6 #45123

4.10 Design Specifications/Data Sheets

4.10.1 Design Specification 22A7866, Revision 4, "Analog Trip
Module".

4.10.2 DSDS 22A4622AV, Rev. 12, "Nuclear Boiler System, Design
Specification Data Sheet."

4.10.3 Design Specification 22A4622, Rev. 7, "Nuclear Boiler System".
4.10.4 PT080, Rev C, "Pressure Transmitters", Data Sheet for

1B21N076B,C
4.10.5 PT047, Rev E, "Pressure Transmitters", Data Sheet for

1B21N076A,D
4.10.6 DL85IE381AC, Rev. 19, Nuclear Steam Supply Shutoff System
4.10.7 442X491 Rev.23 "Card Ident List P661"
4.10.8 442X492 Rev.23 "Card Ident List P662"
4.10.9 442X493 Rev.18 "Card Ident List P663"
4.10.10 442X494 Rev.18 'Card Ident List P664"

4.11 NSED Action Plan, GE-99-003, NSED File #077-99(2-17)-6, approved
2/16/99
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5.0 OUTPUTS

5.1 Operational Requirements Manual (ORM), Rev. 33

5.1.1 CPS Operational Requirements Manual (ORM), Attachment 2-12,
Table 7, "Primary Containment and Dr-well Isolation
Instrumentation Trip Setpoints", Item l.b.

5.2 Calibration Procedures

5.2.1 CPS 9432.03, Rev. 33b, Change 1, "NS4 Main Steam Line Low
Pressure B21-N076A (B,C,D) Channel Calibration".

5.2.2 CPS 9432.03D001, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076A Channel Calibration Data Sheet".

5.2.3 CPS 9432.03D002, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076B Channcl Calibration Data Sheet".

5.2.4 CPS 9432.03D003, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076C Channel Calibration Data Sheet".

5.2;5 CPS 9432.03D004, Rev. 32, "NSSS Main Steam Line Low
Pressure B21-N076D Channel Calibration Data Sheet".

5.2.6 CPS 9030.01, Rev. 31, "Analog Trip Module (ATM) Functional
and Calibration Check Instructions".

5.2.7 CPS 9030.01C004, Rev. 24, "NS4 Main Steam Line Pressure B21-
N676A(B,C,D) Checklist"

5.3 CPS Technical Specifications, Amendment 140

5.3.1 Table 3.3.6.1-1, "Primary Containment and Drywell Isolation
Instrumentation", Item L.b, "Main Steam Line Pressure - Low"

6.0 REFERENCES

6.1 CI-01.00, Rev. 2, Instrument Setpoint Calculation Methodology

6.2 CPS USAR, Rev. 9

6.2.1 CPS USAR Section 7.3.1.1.2.4.1.5, "Main Turbine Inlet- Low
Steam Pressure".

6.2.2 Figure 3.11-1, "Environmental Zone Map, Turbine Building Floor
Plan El. 762'-0"".

6.2.3 Figure 3.11-13, "Environmental Zone Map, Control Building,
Main Floor Plan El. 800'-0"'.
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6.2.4 Table 7.3-7, "Instrument Channel Required for Containment and
Reactor Vessel Isolation Control System."

6.3 CPS Technical Specifications, Amendment 140

6.3.1 Table 3.3.6.1-1, "Primary Containment and Drywell Isolation
Instrumentation", Item L.b, "Main Steam Line Pressure - Low'.

6.3.2 Bases Section 3.3.6.1, "Primary Containment and Drywell
Isolation Instrumentation"

6.4 CPS 1512.01, Rev. 17c, "Calibration and Control of Measuring and Test
Equipment".

6.5 NEDC-31336, General Electric Instrument Setpoint Methodology,
October 1986

6.6 Meyer, C. A., McClintock, R. B., Silvestri, G. J., Spencer, Jr., R. C.,
"Thermodynamic and Transport Properties of Steam Comprising Tables
and Charts for Steam and Water", The American Society of Mechanical
Engineers, New York, New York, 1967.

6.7 ANSI/ISA-67.04.01-2000, Reaffirmation of ANSI/ISA-67.04, Part 1-1994
"Setpoints for Nuclear Safety-Related Instrumentation" February 29, 2000

6.8 ANSIIISA-67.04.02-2000, Recommended Practice "Methodologies for the
Determination of Setpoints for Nuclear Safety-Related Instrumentation"
January 1, 2000
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7.0 ANALYSIS AND COMPUTATION SECTION(S)

7.1 LOOP FUNCTION

The Main Steam Line Pressure - Low provides signals for closure of the
Main Steam Isolation Valves (MSIVs) in the event of a steam line
pressure regulator failure. The Main Steam Line Pressure - Low function
ensures that the RPV temperature change limit of I 000F per hour is not
reached.

Main steam line low pressure is monitored by four pressure transmitters
that sense pressure on the main steam line header downstream of the
outboard main steam isolation valves. The 1B21N076A-D transmitter
signal outputs are input to the ATM circuits IB21N676A-D. The trip
outputs of the ATMs are transmitted to a 2-out-of-4 logic Primary
Containment and Drywell MSIV circuitry (Ref. 6.3.2). Thcse instrument
loops satisfy the CPS Technical Specification requirements listed in Table
3.3.6.1-1 Item lb (Ref. 6.3.1). The Allowable Value and instrument
setpoint are selected to be high enough to prevent excessive RPV
depressurization in the event of a pressure regulator failure.

Refer to the USAR sections listed under Reference 6.2 for additional
details regarding the discussion above.



NF161.01
Revision 0

DEPT/DIV
C/NSED

CALCULATION NO. IP-C-0067 REVISION 0
VOLUME A

SHEET
16 of 42

7.2 LOOP DIAGRAM

Inputs 4.4.1, 4.5.8-14, and References 6.2.2 and 6.2.3

PRESSURE
TRANSMITTER
lB2IN076B,C

- l

ANALOG TRIP
MODULE
1B21N676B,C

Main Steam Tunnel (T.8) Main Control Room (M-24)

PRESSURE
TRANSMITTER
I B21N076A1D

ANALOG TRIP
MODULE
1B21N676A,D

Turbine Building (H-54) Main Control Room (M-24)

1B21N076Bj,C
Environmental Zone Main Steam Tunnel T.8
Normal Temperature 65to 1220 F
Normal Humidity 5 to 90% RH
Normal Radiation Ix106 Rads
Accident Temperature Not Controlled
Accident Humidity Not Controlled
Accident Radiation Not Controlled
Seismic SQ-CLOOI

1B21N076AD
Environmental Zone Turbine Oil Reservoir H-54
Normal Temperature 65 to 1040 F
Normal Humidity 5 to 90% RH
Normal Radiation lx 0 Rads
HELB Temperature 65 to 3280 F
Accident Humidity 100%
Accident Radiation N/A
Seismic SQ-CLOO1
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1B21N676A-D
Environmental Zone MCR M-24
Normal Temperature 65 to 104 'F
Normal Humidity 35 to 100% RH
Normal Radiation 1x1O' Rads
Accident Temperature 65 to 104 'F
Accident Humidity 35 to 100% RH
Accident Radiation lx1 0o Rads
Seismic SQ-CL603

From Inputs 4.4.1, 4.5.8, 4.5.9, and 6.2.2, the 1B21N076B,C transmitters
are in the environmental zone for the Main Steam Tunnel (Map Code T.8)
and 1B21N076AD transmitters are in the environmental zone H-54 for
the Turbine Oil Reservoir Room at the 762-foot elevation (Map Code
T.3.1). From Inputs 4.4.1, 4.5.10, 4.5.11, 4.5.12, 4.5.13 and Ref. 6.2.3 the
IB21N676A-D ATM(s) are in the Main Control Room on H13-P661,
H13-P662, H13-P663, and H13-P664 panels (Zone Code M-24, Map Code
D.6.2), respectively.

7.3 EQUATIONS

The equations for NTSP (Section 7.3.4) and AV (Section 7.3.5) are taken
from Section 3.0, Methodology. All remaining equations in this section
are taken from the table in CI-01.00 (Reference 6.1, Section 4.5.4).

7.3.1 Loop Accuracy (AL):

Derived from the SSRS combination of loop components, where error
attributed for each loop component is evaluated by:

A, ' ± X 4 ) ( )_ (PE )a ( S ) ( SE2 ( H ) I a

(Aa)

AL is defined as:

AL = ±A2 + A2 + A32 + ... ± B (2aS)
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7.3.2 Loop Calibration Error (CL):

CL = ±NA/x(NL!1 +(C- n )(2cr)

7.3.3 Loop Drift (DL):

DL =±NjV(DL-+ (D;L + ._.+ (D,.)2 (2cy)
L (n ) (n )(n) 2f

7.3.4 Nominal Trip Setpoint Calculation

The Nominal Trip Setpoint (NTSP) should be calculated using the
equations below depending on the direction of process variable change
when approaching the Analytical Limit.

For process variables that increase to trip.

N7SP = AL (- .65)JA2 +C2 +DL 2 + PM42+ PE2 B

For process variables that decrease to trip.

N7MP=AL+(l2645JA2 +CL2 +DL2 +PMA2 +PEA 2 +B

Note: An (1.6451N) adjustment is applicable to setpoints that have a limit
approached in one direction (single sided interest).

7.3.5 Allowable Value Calculation

The Allowable Value may be calculated for an increasing trip as follows:

AV(IQc) = NTSP + AFTL

The Allowable Value may be calculated for a decreasing trip as follows:

AV(DEQ = NTSP - AFTL
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7.3.6 Calculation of As-Found Values

The device As-Found Tolerance will be determined via the Square-Root-
Sum-of-the-Squares (SRSS) of the device's As-Left Tolerance, its drift,
and the M&TE error used to calibrate the device.

AFTi =±(N)j(L ) +(p±) (&±J (2cr)

Where:

ALTi = device's As-Left Tolerance
Di= device's drift value
Ci = errors of M&TE used to calibrate the device

The loop As-Found Tolerance (AFT) will be calculated as follows:

LL 2 it 2 )(

Where:

DL= Loop devices' drift value, as defined in Section 7.3.3
CL = Loop devices' calibration effect, as defined in Section 7.3.2

However, since the transmitter and trip module are calibrated as a string
per Input 4.2.1, the As Found Tolerance determined by this calculation
will be applicable to the string.
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7.3.7 Calculation of As-Left Values

The loop As-Left Tolerance (ALT) will be calculated as follows:

2 L 2 (a
ALTL ± _N _____________2___(ALT__2_

n n ) n)

Where:

ALT,= ±VA, (2a)

7.4 Determination of Uncertainties

7.4.1 Rosemount Transmitters 1B21N076A-D
* From Input 4.10.5, EIN IB21N076A,C,D are Rosemount

1153GB9P transmitters. From Input 4.10.4, EIN IB21N076B is a
Rosemount 1152GP9E transmitter. Per Input 4.10.4, an acceptable
replacement transmitter for the I I52GP9E is the 1 153GB9P. For
conservatism, the 11 53GB9P is analyzed, since it has a larger
seismic effect and accuracy temperature effect (all other
specifications are the same).

* From Input 4.3.1, Vendor Accuracy = 0.25% of Calibrated Span
• From Inputs 4.10.4 and 4.10.5, Calibrated Span = 0-1200 psig
* From Inputs 4.3.1, 4.10.4 and 4.10.5, Upper Range Limit = 0-3000

psig

7.4.1.1 Vendor Accuracy of pressure transmitters (VAPT) - Per Input 4.3.1,
Vendor Accuracy is ± 0.25% of Calibrated Span. Therefore:

VApT = ± 0.25% Span (3cr)

7.4.1.2 Accuracy Temperature Effect

7.4.1.2.1 Normal Accuracy Temperature Effect (ATEpTN..or..!)) - Per Input 4.3.1,
the ATE is calculated by ± (0.75% URL + 0.5% Span) per 100 IF
ambient temperature change. Per Input 4.4.1 and Section 7.2, the
maximum ambient temperature change equals 57 0F (1220-650F)
during normal operations. Per Section 7.4.1 above, URL is 3000 psig
and calibrated span is 1200 psig. Therefore:

ATEPT(Norma )= ± (0.75% URL + 0.5% Span) * (57 0F /100 IF)
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ATEpT(Norn) = (0.75% URL * (3 000 psig/1 200 psig) + 0.5%
Span) * (57 'F /100 'F)

ATEpNronia) = (1.875 % Span + 0.5% Span) * 0.57

ATErp(Norma)_ ±1.3538% Span (3a)

7.4.1.2.2 Accident Accuracy Temperature Effect (ATEpT(Acc1d)) - Per
Assumption 2.12, the transmitters are not required to function when
exposed to harsh accident / post-accident temperature profiles. Thus,
it is assumed that the Accuracy Temperature Effect errors associated
with normal operating temperatures are bounding for the Main Steam
Line-Low Pressure transmitters. Therefore:

ATEPT(ACcid) = ATEPT(Normal) = ± 1.3538% Span (3cr)

7.4.1.3 Humidity Effect (HEpT) - The vendor does not provide any
specification for this effect (Input 4.3.1). Therefore, per Assumption
2.3, Humidity Effects are negligible.

HEpr= 0

7.4.1.4 Radiation Effect

7.4.1.4.1 Normal Radiation Effect (REpT(Nowm)) - Per Assumption 2.4, normal
Radiation Effects are not distinguishable from Drift. Therefore:

REPT(Normal) = 0

7.4.1.4.2 Accident Radiation Effects (REpr(Accid)) - Per Input 4.9, the subject
transmitters have a post-accident operating time of 0 (zero) seconds.
Per Assumption 2.12, this first trip occurs at the time of event
initiation, and therefore the accident radiation effect is considered
negligible. Therefore:

REPT(Accid) = 0
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7.4.1.5 Power Supply Effects of pressure transmitters (PSEpT) - Per Input
4.3.1, PSE is "less than ± 0.005% Span per Volt". Per Assumption
2.6, PSS is ± 1.2 Vdc. Therefore:

PSEpr = ± (0.005% SpanlVdc) *PSS

PSEpT = ± (0.005% Span!Vdc)* 1.2 Vdc

PSEpT= ± 0.006 % Span (3a)

7.4.1.6 Static Pressure Effect (SPEpr) - Per Reference 6.1, A.2.1.a.(1).(c),
Static Pressure Effect is only applicable to differential pressure
transmitters.

SPEpT= 0

7.4.1.7 Overpressure Effect (OPEpT) - Per Reference 6.1, Section C.3.8, the
Overpressure Effect is not applicable for instruments that are not over
ranged by process pressure.

OPEPT= 0

7.4.1.8 Seismic Effect

7.4.1.8.1 Normal Seismic Effect (SEpr(Normj)) - Seismic activity is not
considered when determining instrument uncertainty under normal
conditions. Therefore:

SEPT(Normal) - 0

7.4.1.8.2 Accident Seismic Effect (SEPr(Accid)) - Per Assumption 2.11, Seismic
Effect is not considered to occur concurrent with a postulated LOCA
event.

SEPT(Acid)= 0
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7.4.1.8.3 OBE/SSE Seismic Effect (SEPT(si51ci,)) - Per Input 4.3.1, Seismic
Effect is ± 0.5% URL during and after a seismic disturbance defined
by a required response spectnun with a ZPA of 4 g's. Per Section
7.4.1 above, URL is 3000 psig and calibrated span is 1200 psig.
Therefore:

SEPT= ± (0.5% URL) * (3000 psig/l200 psig)

SEPT= ± (0.5%) * 2.500

SErr= ± 1.250% Span (2a)

7.4.1.9 RFI/EMI Effect (REEpT) - Per Assumption 2. 10, the effects of
RFIJEMI are considered negligible.

REEpT = 0

7.4.1.10 Bias (BpT) - From Appendix C of Reference 6.1, Bias is defined as a
systematic or fixed instrument uncertainty that is predictable for a
given set of conditions because of the existence of a known direction
(positive or negative). The only known uncertainty identified is
insulation resistance error. Per Assumption 2.12, insulation resistance
error effects are considered negligible for instrument setpoint actions
that occur prior to or very early in a postulated LOCA event. This
assumption is applicable to the subject of this analysis. Therefore:

BpT = 0

7.4.1.11 Pressure Transmitter Accuracy - Per Section 7.3.1, device accuracy is
calculated using the following equation:

A, =±NJ(.A) +( J(-) +(-) +(-) + )f +(H-) +(p-) 2(R)2 B
n n n n n n n -n
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7.4.1.11.1 Nonnal Pressure Transmitter Accuracy (ApT(Noral)

From above:

VAvr
ATEPT (Normal)

OPEpr
SPEPT
SE~r (Normal)
REPT (Normal)

HEPT
PSEPyr
REEPT
BPTr

= ± 0.2500% Span
= ± 1.3538 % Span
=0
=0
=0
=0
=0
= ± 0.006% Span
=0
=0

(3cr) Section 7.4.1.1
(3c) Section 7.4.1.2.1

Section 7.4.1.7
Section 7.4.1.6
Section 7.4.1.8.1
Section 7.4.1.4.1
Section 7.4.1.3

(3C) Section 7.4.1.5
Section 7.4.1.9
Section 7.4.1.10

Substituting:

A(0.25/Ospan)2 ( .3538/ospan2 +(o)+(6)2 + (o)+ () +(o2( )span (

API(Normal)= ± 0.9178 % Span (2cy)

7.4.1.11.2 Accident Pressure Transmitter Accuracy (ApT(Accid))

From above:

VApT

ATE'r (Accid)

OPEPT
SPEpT
SEPT (Accid)

REpr (Accid)

HEPT

PSEPT
REEpT
BPT

= ± 0.2500% Span
= ± 1.3538 % Span
=0
=0
=0
=0
=0
= ± 0.006% Span
=0
=0

(3cr) Section 7.4.1.1
(3cr) Section 7.4.1.2.2

Section 7.4.1.7
Section 7.4.1.6
Section 7.4.1.8.2
Section 7.4.1.4.2
Section 7.4.1.3

(3cr) Section 7.4.1.5
Section 7.4.1.9
Section 7.4.1.10
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Substituting:

A = £(0.2 +<1 +,(O +(0)2 +(0) +(0) 2 +(0Y+ +{°-O° /oPan) +(oY +0

APT(Actld) = ±0.9178 % Span (2a)

7.4.1.11.3 Seismic Pressure Transmitter Accuracy (ApT(seismic))

From above:

VAPT

ATEvr (Normal)

OPEPT

SPEPT
SEPT (Seismic)
REPT (Normal)

HEFT
PSEPT
REEPT
BPr

= ± 0.2500% Span
=± 1.3538% Span
=0
=0
= ± 1.250 % Span
=0
=0
= ± 0.006% Span
=0
=0

(3a) Section 7.4.1.1
(3a) Section 7.4.1.2.1

Section 7.4.1.7
Section 7.4.1.6

(2a) Section 7.4.1.8.3
Section 7.4.1.4.1
Section 7.4.1.3

(3a) Section 7.4.1.5
Section 7.4.1.9
Section 7.4.1.10

Substituting:

= ±2 I(O2s/30sP +(I.3S3SYon) + (oy +(0) +(I.250%s0Pw) (0o ++(0) +(0.O+(OY+ o

APT(Scisiic) = ± 1.5508% Span (2a)

7.4.1.11.4 Pressure Transmitter Accuracy (Apr)

Based on the above, the largest uncertainty is expected under seismic
conditions. Therefore:

APT = Apr(scismic)

ApT = ± 1.5508 % Span (2(y)
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7.4.2 Analog Trip Module (ATM) lB21N676A-D

* PerInputs4.10.7,4.10.8,4.10.9and4.10.10,EINs IB21N676AB are
GE Analog Trip Modules, Model Number 147D8505G001; alternate
Model Number 147D8505G006.

* Per Inputs 4.10.7, 4.10.8, 4.10.9 and 4.10.10, EINs 1B21N676C,D are
GE Analog Trip Modules, Model Number 147D8505G005; alternate
Model Number 147D8505G006.

* Per Input 4.10.1, the input range for the ATM is 4-20 mA.
* Per Input 4.10.1, the vendor accuracy is ± 0.25% Full Scale (Span).
* Per Section 7.2, these ATMs are located in a mild environment and

therefore accident conditions need not be considered.

7.4.2.1 Vendor Accuracy (VAATm) -Per Input 4.10.1, the vendor accuracy is ±
0.25% Span. Therefore:

VAATM = ±0.25% Span (2cs)

7.4.2.2 Accuracy Temperature Effect (ATEATm) - The vendor does not
provide any specification for this effect (Input 4.10.1). Therefore, per
Assumption 2.2, the Accuracy Temperature Effect is considered to be
included in the vendor accuracy.

ATEATM = 0

7.4.2.3 Overpressure Pressure Effect (OPEATM) - OPE is not applicable to
Analog Trip Modules.

OPEATh, = 0

7.4.2.4 Static Pressure Effect (SPEATM) - SPE is not applicable to Analog Trip
Modules.

SPEATNI = 0
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7.4.2.5 Seismic Effect (SEATM) - Analog Trip Modules have been seismically
qualified using the manufacturer's published accuracy requirements
(Input 4.8.3). Based on a review of Input 4.8.3, there are no additional
error considerations which must be considered for seismic conditions.
Therefore:

SEATM =0

7.4.2.6 Radiation Effect (REATM) - The 1B21N676A-D ATMs are located in a
mild environment (Section 7.2), and therefore, not subject to any
significant radiation exposure. Therefore, the Radiation Effect is
considered negligible.

REATM = 0

7.4.2.7 Humidity Effect (HEATm) - The vendor does not provide any
specification for this effect (Input 4.10.1). Therefore, per Assumption
2.2, the Humidity Effect is considered to be included in the Vendor
Accuracy.

HEATh =0

7.4.2.8 Power Supply Effect (PSEATM) - The vendor does not provide any
specification for this effect (Input 4. 10. 1). Therefore, per Assumption
2.2, the Power Supply Effect is considered to be included in the
Vendor Accuracy.

PSEATM 0

7.4.2.9 RFI/EMI Effect (REEATM) - Per Assumption 2.10, the effects of
RFI/EMI are considered negligible.

REEAT-m = 0

7.4.2.10 Bias (BAThm) - From Appendix C of Reference 6.1, Bias is defined as a
systematic or fixed instrument uncertainty that is predictable for a
given set of conditions because of the existence of a known direction
(positive or negative). No such error was identified for the ATMs
used for measurement of the Main Steam Line Pressure - Low
function. Therefore:

BATht = 0
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7.4.2.11 From Section 7.3.1, AA-m is calculated by:

A, V +(ATE, )' ~(OP,)1 SPE, 2 (5§.)2 (R)2N(1) +(PSE)~ (uFF,)1 +

n ) ( n Fo) abne) +: n ) + ( n-) + ( ) + +P) + B

From above:

VAATM

ATEATM
OPEATM

SPEAIM

SEATM
REATM

HEATM
PSEATM
REEATM

BAThI

= i 0.25% Span
=0
=0
=0
=0
=0
=0
=0
=0
=0

(2a) Section 7.4.2.1
Section 7.4.2.2
Section 7.4.2.3
Section 7.4.2.4
Section 7.4.2.5

. Section 7.4.2.6
Section 7.4.2.7
Section 7.4.2.8
Section 7.4.2.9
Section 7.4.2.10

Substituting:

AAThI = ±2 |( 0.25 SP ) + (0) + (0) + ( + (O) + (O) + (O) + (OY + (O) + 0

AATM = ± 0.2 5 % Span (2a)

7.4.3 Loop Accuracy (AL)

From Section 7.3.1:

A L = ± A I2 + A 2 + A 32 + ... ± B

For the ]B21N076A-D and lB21N676A-D loop:

APT =± 1.5508% Span (2a) Section 7.4.1.11.4
(2a) Section 7.4.2.11AAT1M = ± 0.25% Span
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, .

Substituting:

A. = ±i 41 .5508 % span 2 + 0.25%span2 ±+±O

A -= Jr APT 2 +A 2 ± BP ± BATM

AL = ± 1.5708 % Span (2cr)

7.5 Loop Calibration Error (CL)

Loop Calibration Error is determined by the SRSS of As-Left Tolerance
(ALTI), Calibration Tool Error (C;), and Calibration Standards Error
(C; STD) for the individual devices in the loop. The equation below is used
to calculate this effect.

From Section 7.3.2:

A 2 () ( ) (C STD )

7.5.1 As-Left Tolerance (ALTL)

From Section 7.3.7, loop As-Left Tolerance (ALT) will be calculated
as follows:

ALT + N4ALTiJ ' (ALT~7~ 2) +. (M7L . J2(2,a)

Where:

ALT, = ±VA, (2a)

Determining the ALT for the transmitter (ALTpT):

VApT = ± 0.25% Span (Section 7.4.1.1)

Therefore;

ALTpr = ± 0.2500% Span (2a)
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Determining the ALT for the Analog Trip Module (ALTATh):

VAATm = i 0.25% Span (Section 7.4.2.1)

Therefore;

ALTAT, = ±0.2500% Span (2a)

Determining the ALT for the Main Steam Line Pressure - Low loops
(ALTL). Substituting ALTpr and ALTATM, into the equation from
Section 7.3.7:

ALTL = ±()(ALTr) + (ALTS)

ALTL = ±(2)( 0.25%Span ) + (0.25%Span 2

ALTL = ±03536% Span (2c)

Converting ALTL to psig:

Per Inputs 4.10.4 and 4.10.5, process span = 1200 psig.

ALTL = ± 0.3536% Span
ALTL = ± 0.3536% Span * 1200 psig 1I 00%Span
ALTL = ± 4.2432 psig (2cr)

Per Inputs 4.2.2,4.2.3, 4.2.4 and 4.2.5, As-Left Tolerance for Loop
calibration is -0 psig to +8 psig, or a difference of +8 psig.

Per Section 4.4.2 of Reference 6. 1, "ALTL selected for use in the
calibration procedure should be used to calculate CL and AFTL." Non-
symmetric uncertainties such as this one shall be taken as the span of a
tolerance evenly distributed around the nominal setpoint. Therefore:

ALTL = ± 8.0 psig 12
ALTL = ± 4.0 psig (2cr)
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The calculated tolerance (± 4.2432 psig) is greater than the calibration
procedure tolerance (± 4 psig). However, when the calculated
tolerance is rounded to the precision of the calibration procedure per
Ref. 6.1, the calculated tolerance and the procedure tolerance are the
same. Therefore:

ALTL = i4 psig (26)

7.5.2 Calibration Tool Error (C1)

7.5.2.1 Transmitter Calibration Tool Error (Cyr)

The IB21N076A,BC,D transmitters are calibrated with a DC
voltmeter that is capable of measuring 1-5 Vdc (currently specified as
a Fluke 45) and a test gauge with a range of 0-1500 psig. A 250-ohm
precision resistor is required, accurate to ± 0.02 ohms. This
information is from Section 7.0 of Input 4.2.1.

The test gauge to be used for the calibration should be a temperature
compensated Digital Heise Model ST-2H Indicator Assembly with the
HQS-2 1500 psig module installed.

From Attachment 5:

VApG = 0.025% Span
ALTPG = i 0.9 psig

= ± 0.9 psig /1500 psig
± 0.06% Span

Per Attachment 5, the HQS-2 indicator is temperature compensated
over a range of 207F to 120°1, therefore:

ATE = 0

CPr = + (VA2 + ATE2 + ALT2)"2

= i (0.025% Span2 + 02 + 0.06% Span2)"2

= ± 0.065% Span

Converting to the span of the process instruments:

CPG -+ 0.065% Span * (1500 psig/1200 psig)
CPG = ±0.0813% Span (3a)



NF161 .01
Revision 0

DEPT/DIV CALCULATION NO. IP-C-0067 REVISION 0 SHEET
C/NSED VOLUME A 32 of 42

The voltmeter to be used for the calibration should be a Fluke 45,
using the slow resolution to monitor the 1-5 Volt DC span.

The M&TE error for the voltmeter (Cvpi) is therefore:

Cvm= 0.097% Span (3 a)

CeM = ± 0.004 Vdc (max temp band of 220C) (Input 4.7.1)

The M&TE error for the precision resistor (CpR) is therefore:

CPR = ± 0.02/250 *100
CPR = ± 0.008% Span (3ca)

Substituting terms for the IB21N076A-D and 1B21N676A-D loop:

CPr =: CP+C +CPR

CPT = ±0o 0813%span2 +0.0970/ospan2 +0.008%lospan2

CPT = ± 0.1268% Span (3a)

Converting to psig:

CP= 0.1268% Span * 1200 psig

CT i1.5216 psig (3a)

7.5.2.2 ATM Calibration Tool Error (CATM)

The ATM's are calibrated using a DAC. The DAC accuracy has been
evaluated in Input 4.7.1. Per Input 4.7.1, the DAC accuracy for the
ATM is ± 0.151% span. Therefore:

CATM = 0.151% span (3q)
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Converting to psig:

CATmR= ± 0.151% Span * 1200 psig

CATNI = ± 1.8120 psig (3ca)

7.5.3 Calibration Standard Error (CsTD):

Per Assumption 2.9, Calibration Standard Error is considered
negligible for the purposes of this analysis.

CSTD = C

Loop Calibration Error (CL):7.5.4

Per Section 8.2 of Input 4.2.1, the loop calibration for IB21N076A-D
and 1 B21N676A-D is performed using a pressure gauge only.
Therefore, from Section 7.5.2.1, Ci for the loop will be CPG.
From Section 7.3.2:

ALT 2 2 )2

Where:

ALT1
Ci
CQSTD

= As-Left Tolerance for Loop or ALTL
= Calibration Error
= Calibration Standard Error

From above:

ALTL = ± 4.0 psig (
CPG = ± 0.0813% span* 1200 psig

= ± 0.9756 psig (
CiSTD = 0

2cr) Section 7.5.1

3cr) Section 7.5.2.1
Section 7.5.3

Substituting terms for the 1B21N076A-D and lB21N676A-D loop:

CL 4 .1 psi + ( 0. 9756 Psig ) + 0 2

CL = ± 4.0525 psig (2,u)
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7.6 Loop Drift

7.6.1 Pressure Transmitter Drift (DpT):

Per Input 4.3.3, Drift (Stability) is ± 0.20% of URL for 30 months for the
Roscmount 152GP9E transmitters. Per Input 4.3.1, Drift is also ± 0.20%
of URL for 30 months for the Rosemount 1153GB9P transmitters. Drift
*vill be determined based on a nominal 24-month calibration interval
(Assumption 2.7). Technical Specifications allow for the surveillance to
be delayed for up to 1.25% of the required interval, 6r 30 months
(24*1.25=30). Inputs 4.10.4 and 4.10.5 show the calibrated span as 0 -
1200 psig. Inputs 4.3.1 and 4.3.2 show the URL as 3000 psig. Therefore:

DpT = ± 0.20% * URL
DPTr = ± 0.20% * 3000 psig/1 200 psig
DpT = ± 0.50% span

Converting to psig:

DPT = ± 0.50% span * 1200 psig
Dp = ± 6.0000 psig (2a)

7.6.2 Analog Trip Module Drift (DATM):

Per Input 4.10.1, Drift is ± 0.25% of Span for a period of 30 days. Per the
calibration procedure (Output 5.2.6), the calibration frequency is 92 days.
Technical Specifications allow for the surveillance to be delayed for up to
1.25% of the required interval, or 115 days (92*1.25=115). Therefore, per
Eqn. 2 of Ref. 6.1:

DATj = ± 0.25% * (115 days/30 days)'

DATmN = ± 0.4895% Span (2cr)

Converting to psig:

DATM = ± 0.4895% Span * 1200 psig

DATmj = ± 5.8740 psig (2,a)
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7.6.3 Loop Drift (DL):

From Section 7.3.3, Loop Drift is calculated:

D L = iN Vf5(Dt) + (D )+ *-- + 2 (2a)

Substituting terms for the 1B21N076A-D and lB21N676A-D loop:

DL =±N\/(DPT 2+(D A7 2

D = f .psi 2 5.8740 psig

7( 2 ) ( 2 )

DL = ± 8.3967 psig (2c)

7.7 Process Measuremient Accuracy (PMA):

The Main Steam Line Pressure-Low process is sensed through instrument
lines connected to the main steam line header. Because of the steam
pressure process being measured, the PMA effects associated with these
transmitters are negligible. The change in density of the steam within the
sensing lines is insignificant as compared to the high pressures being
monitored. The instrument lines are installed with a slope that drains back
into the transmitters. The slope keeps the sensing line full of
water/condensate, which would therefore minimize PMA effects. This is
consistent with Input 4.9, which assumes the PMA to be zero. Therefore,
the PMA is considered negligible.

PMA=O

7.8 Primary Element Accuracy (PEA):

The transmitter associated with this loop is in direct contact with the
process. There is no primary measurement element such as a flow orifice.
This is consistent with Input 4.9, which assumes the PEA to be zero.
Hence, PEA is not included in the transmitter error evaluation. Therefore:

PEA = 0
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8.0 RESULTS

8.1 Calculation of the Nominal Trip Setpoint (NTSP)

From Section 7.3.4;

For process variables that increase to trip.

NTSPX = AL(21.645)VAL2 +CL2 +DL2 +pM 22 +pL,2 - B

'For process variables that decrease to trip.

NTSPDEC = AL + ( 45)VAL2 + CL2 + DL2 +pMA 2 +pEA2 + B

From Input 4.10.2, this function has an Analytical Limit of 825 psig. The
Main Steam Line Pressure - Low Analytical Limit ensures that the RPV
temperature change limit of 1 00 0F per hour is not reached, and that
excessive RPV depressurization will not occur in the event of a pressure
regulator failure

Substituting into the equation for NTSP(DEC) where:

AL
Calibrated Span
AL

DL

CL
PMA
PEA
B

= 825 psig
= 1200 psig
=±: 1.5708% Span
= ± 1.5708% Span
= ± 18.8496 psig
= ± 8.3967 psig
= ± 4.0525 psig
=0
=0
=0

(2ca)
* 1200 psig

(2a)
(2a)

Input 4.10.2
Section 7.4.1
Section 7.4.3

Section 7.6.3
Section 7.5.4
Section 7.7
Section 7.8
Section 7.4.1.10
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NTSP(DEC) = AL ( _)AL 2 + CL2 + DL2 + PM 2 + PEA 4B
N)

81.645J j8.8496PSig 2+8.3967psig2 +4.O52SpSig 2 ...
A75W(DEC) = 825jisig +( 2 + 0~2+ 02 i

NTSP(Df, r) = 842.2967 psig

The current setpoint in the CPS Operational Requirements Manual
(Output 5.1.1) Table 7 (Item l.b), is 2 849 psig, which is more
conservative than the setpoint calculated above. Thus, the
recommendation is to utilize an NTSP of 849 psig and delete the "2" sign.
Therefore:

NTSP = 849 psig

8.2 Calculation of As-Found Values

From Section 7.3.6:

AFT, =±(N 2  () 2  (C )2  (2c)

Where:

ALTi = device's As-Left Tolerance
Di = device's drift value
Ci = errors of M&TE used to calibrate the device

The loop As-Found Tolerance (AFM) will be calculated as follows:

AFTL = ±(N)l( ) +(, (2ca)

Where:

DL = Loop devices' drift value, as defined in Section 7.3.3
CL = Loop devices' calibration effect, as defined in Section 7.3.2
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8.2.1 As-Found Tolerance (AFTpT) for Transmitters lB21N076A-D

From above:

Calibrated Span
ALTyr
DPT
CPTr

= 1200 psig
= ± 0.25% span
= : 0.50% span
= ± 0.1268% span

(2cr)
(2cr)
(3a)

Section 7.4.1
Section 7.5.1
Section 7.6.1
Section 7.5.2.1

Substituting:
.

AFTpT = ±NT
+ ( 124pT) 2+(-~~P,

AFRTPT = ±2, 0.25% span )a +(0.50°SPan )

AFTrT= ± 0.5654% span

+ (0.1268 %span 2

(2q)

8.2.2 As-Found Tolerance (AFTApm) for ATMs lB21N676A-D

From above:

Calibrated Span
ALTATM

DATN
CATM

= 1200 psig
= ± 0.25% span (2cr)
= ± 0.2500% span * 1200 psig

Section 7.4.1
Section 7.5.2.2

Section 7.6.2
Section 7.5.2.2

= ± 3.0000 psig
= ± 5.8740 psig
=± 1.8120 psig

(2cr)
(3c)

Substituting:

AFTATA, = ±NJ ALTATh,
_)2 (D2£M7W )2 (C~AT )2

AFTA = ±2 (3.OPsg 2 + (5.8740 psig )2 + (1.8120 psigJ2

AFTATM = ± 6.7055 psig (2cr)
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Per Ref. 6.1, AFT is rounded to the procedure precision. Therefore:

AFATAM = ± 6 psig (2a)

8.2.3 As-Found Tolerance (AFTL) for the IB21N076A-D and IB21N676A-D
Loop

From Section 7.3.6, the loop As-Found Tolerance (AFT) will be
calculated as follows:

.AT= ±(N) +~2 ()
F r on anb v

From above:

Calibrated Span
DL
CL

= 1200 psig
= ± 8.3967 psig
= ± 4.0525 psig

(2cr)
(2cr)

Section 7.4.1
Section 7.6.3
Section 7.5.4

Substituting:

AFTL = ±(2) 8(.3967 psig + ( 4.0525 psig )2

AFTL = ± 9.3235 psig (2cr)

Per Ref. 6.1, AFT is rounded to the procedure precision. Therefore:

AFTL = ± 9 psig (2a)

8.3 Calculation of the Allowable Value (AV)

The Allowable Value may be calculated for an increasing trip as follows:

AV(rnc) = NTSP + AFTL

The Allowable Value may be calculated for a decreasing trip as follows:

AV(DEQ = NTSP - AFTL
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Where:

NTSP(DEC) 849 psig Section 8.1
AFTL =±9 psig Section 8.2.3

Substituting into the equation for a decreasing setpoint:

AV(DEQ = NTSP - AFTL
AV(DEQ = 849 psig - 9 psig
AV(DEC) = 840 psig

The current AV documented in Input 4.10.2 and Reference 6.3.1 is 2 837
psig, which is less conservative than the value calculated in this section.
Thus, the recommendation is to utilize an AV of 2 840 psig. Therefore:

AV Ž 840 psig (2a)

8.4. Calculation of Reset Value

The trip reset value is selected to prevent overlap with the acceptable
NTSP tolerance band, and also to prevent interference with normal plant
operations. The maximum reset value is calculated as follows for the
Main Steam Line Pressure - Low function:

Reset e NTSP + AFTL

Reset Ž 849 psig + 9 psig
Reset > 858 psig

A review of Inputs 4.2.2, 4.2.3, 4.2.4 and 4.2.5 document the existing reset
value is 885 psig, which is 36 psig above the NTSP (849 psig). This is a
difference of +3%, which equals the standard differential used for ATMs
at CPS. The minimum reset differential derived from AFTL is 858 psig;
the 36 psig existing differential is greater and therefore conservative.

Reset = 885 psig
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9.0 CONCLUSIONS

This calculation determined a NTSP of 842.2967 psig for Main Steam Line
Pressure - Low function. The existing ORM setpoint of 2 849 psig is more
conservative than the calculated setpoint. Therefore, the recommendation is to
retain the setpoint at:

;
NTSP = 849 psig (2cy)

The Allowable Value determined by this calculation is 2 840 psig. The existing
AV of 2 837 psig is less conservative than the calculated AV. Therefore, the
recommendation is to establish the AV at:

AV 2 840 psig (2cy)

The scaling for Main Steam Line Pressure Low is addressed in Attachment I to
this calculation. A "Results Summary" is included in Attachment 2 to this
calculation to provide a summary. Documentation of the transmitter elevations
for scaling purposes is included in Attachment 3.

II
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FIGURE 1 - MAIN STEAM LINE PRESSURE-LOW FUNCTION

Maximum lnstr. Range

AFT(+)
ALT(+)

Calculated NTSP

ALT(-)
AFT(-)

1200 psig

858 psig
853 psig

849 psig

845 psig
840 psig

2 840 psig

825 psig

Calculated AV

Analytical Limit (AL)

Minimum Instr. Range 0 gO psig
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SCALING OF THE
MAIN STEAM LINE PRESSURE LOW INSTRUMENT LOOP

Transmitters

IB21N076A-D

Manufacturer: Rosemount Inc.
Model No.: 1152GP9E/l 153GB9P
Input: 0-1200 psig
Output: 4-20 mAdc; (1-5 Vdc measured across precision 250 2 resistor)

Process Range

Min (p)

p=O

Max (P)

P= 1200

Units

psig

Transmitter Output Range

Min (o)

o=1

Max (0)

0=5

Units

Vdc

* There is a head correction that must be accounted for given the transmitter
elevation and the elevation of its associated pressure tap. Per Inputs 4.5.1, 4.5.2,
4.5.3, 4.5.4, 4.5.5, 4.5.6, 4.5.7 and Attachment 3, the following arc the elevations
of the pressure taps and transmitter diaphragms:

IB21N076A:

Transmitter Taps Elevation = 793.885' (PTI)

Transmitter in Turbine Building Elevation = 774.020' (XTI)

IB21N076B:

Transmitter Taps Elevation = 794.250' (PT2)

Transmitter in Turbine Building Elevation = 766.660' (XT2)
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1B21N076C:

Transmitter Taps

Transmitter in Turbine Building

Elevation = 793.302' (PT3)

Elevation = 766.630' (XT3)

1B21N076D:

Transmitter Taps

Transmitter in Turbine Building

Elevation = 794.698' (PT4)

Elevation = 774.020' (XT4)

The specific volume of the condensate in the transmitter sense lines is determined
by the normal ambient temperature limits in the Turbine Building environmental
areas (651F - 104IF for IB21N076A,D and 65IF - 122 0F for IB21N076B,C). A
review of the Steam Tables (Rcf. 6.6) determined the change in condensate
specific volume, between the maximum and minimum environmental limits,
results in a head correction variation of approximately 0.1 psi. Therefore, due to
the minimal impact of the head variations, this analysis will utilize the median
ambient Turbine Building temperature of 86 0F (1B21N076AD) and 94 0F
(1 B21N076B,C) to determine the specific volume of the condensate in the Main
Steam Line Pressure -Low transmitter sense lines.

"SV 1" and "SV2" are the specific volumes of water in the instrument sensing
lines based on Main Steam Line normal operating pressure (1025 psig) and
Turbine Building temperature (86 0F and 94 0F). The specific volumes of water at
86 0F and 1025 psig and 94 0F and 1025 psig are obtained by interpolating
information found in Steam Tables (Ref. 6.6). Since 1025 psig is approximately
1040'psia (1025 psig + 14.7 psi = 1039.7 psia), from Steam Tables for
Superheated Steam and Compressed Water (Ref. 6.6, Table 3);

Volume, SV, ft3/lbm
Press, psia 1000 1050
Temp, F

100 0.01608 0.01608
90 0.01605 0.01605
80 . 0.01602 0.01602

By inspection of the information from the steam tables, volumes for 100TF, 90 0F
and 80 0F are constant (within the precision of the steam tables) for pressures
between 1000 and 1050 psia. Therefore, interpolating for the volume at 86 0F:
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SV1 = ((86°F-80°F)/(90°F-80°F) * (0.01605 ft3 llbm - 0.01602 fl3 /lbm)) + 0.01602 fl3/lbm
SV1 = 0.01604 f311bm

Similarly, interpolating for the volume at 94°F:

SV2 = ((94°F-90oF)/(100°F-90°F) * (0.01608 ft3/lbm- 0.01 605 ft3/lbm)) + 0.01605 fl3/lbm
SV2 = 0.01606 ft3/lbm

Therefore, this calculation will utilize a conservative specific volume of 0.01604
O3 lbm for 86°F water and a conservative specific volume of 0.01606 ft 3/lbm for
94°F water.

The head difference is determined as follows:

lB21N076A:

(PT1 - XTI)/SV/144

(793.885 - 774.02)/0.01604
144

IB21N076A head = 8.6005 psig

lB21N076B:

(PT2 -XT2)/SV/144

(794.250 - 766.66)/0.01606
144

lB21N076B head = 11.9301 psig

lB21N076C:

(PT3 - XT3)/SV/144

(793.302 - 766.63)/0.01606
144

lB21NO76Chead= 11.5331 psig
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1 B21N076D:

(PT4 - XT4)/SV/144

(794.698 - 774.02)/0.01604
144

IB21N076C head = 8.9524 psig

The 8.6005 psig and 8.9524 psig head corrections are rounded for readability to 9
psig, and the 11.9301 psig and 11.5331 psig head corrections are rounded for
readability to 12 psig. Thus, when the main steam line pressure is actually 0, the
IB21N076A,D transmitters will "see" 9 psig of head, and the IB21N076B,C
transmitters will "see" 12 psig of head. Similarly, when the actual main steam
line pressure reaches the upper span of 1200 psig, the IB21N076AD transmitters
will "see" 1209 psig of head, and the IB21N076BC transmitters will "see" 1212
psig of head. Thus, the corrected range of the lB21N076A,D transmitters is 9 to
1209 psig, and the corrected span of the IB21N076B,C transmitters is 12 to 1212
psig.

2 Analog Trip Modules (ATMs)

1B2lN676A,B

Manufacturer: General Electric
Model: 147D8505G001

1 B21N676C,D

Manufacturer: General Electric
Model: 147D8505G005

Input: 4-20 mAdc; (1.000 - 5.000 Vdc measured across precision 250 D resistor)
Output: discrete trip signal
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3 Main Steam Line Pressure- Low Setpoint

From above:

NTSP = 849 psig (Section 8.1)
AV = 2840 psig (Section 8.3)
Reset = 885 psig (Section 8.4)
Maximum Process Range (P) = 1200 psig (Attachment 1)
Minimum Process Range (p) = 0 psig (Attachment 1)
Head Correction (H) = 9 psi (IB21N076A,D)

= 12 psi (11321N076B,C)
Minimum Transmitter Output (o) = 4mA = I Vdc
Maximum Transmitter Output (0) = 20 mA = 5 Vdc

Tolerances:

ALTpT = ± 0.2500% (4 Vdc/I 00% Span)
= ± 0.010 Vdc

(Section 7.5.1)

ALTATM = ± 3 psig (Section 7.5.1)

ALTL = ± 4 psig (Section 7.5.1)

AFTvr = ± 0.5654% (4 Vdc/100% Span)
= ± 0.023 Vdc

(Section 8.2.1)

AFTATM = ± 6 psig (Section 8.2.2)

AFTL = ±9 psig (Section 8.2.3)
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IB21N076A,D - Transmitter Calibration

Cal. Pt. Input Output (volts DC)
psig AFT ±0.023 Vdc ALT ±O.O10 Vdc

0% 9 1.000 1.000
(0.977 to 1.023) .(0.990 to 1.010)

25% 309 2.000 2.000
l (1.977 to 2. 023) (1.990 to 2.010)

50% 609 3.000 3.000
(2.977 to 3. 023) (2.990 to 3.010)

75% 909 4.000 4.000
(3.977 to 4. 023) (3.990 to 4.010)

100% 1209 5.000 5.000
___ _ _ (4.977 to 5. 023) (4.990 to 5.010)

1B21N076B,C - Transmitter Calibration

Cal. Pt. Input Output (volts DC)
psig AFT ±0.023 Vdc ALT ±0.010 Vdc

0% 12 1.000 1.000
(0.977 to 1.023) (0.990 to 1.010)

25% 312 2.000 2.000
(1.977 to 2. 023) (1.990 to 2.010)

50% 612 3.000 3.000
(2.977 to 3. 023) (2.990 to 3.010)

75% 912 4.000 4.000
(3.977 to 4. 023) (3.990 to 4.010)

100% 1212 5.000 5.000
(4.977 to 5. 023) (4.990 to 5.010)
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1B21N676A, B, C, D - ATM Calibration

Cal. Pt. Input Output (psig)
psig AFT ALT

(± 6 psi) (± 3 psi)

Allow. 2 840 2 840 psig 2 840 psig
V a lu e _ _ _ _ _ _ _ _ _ _ _ _ _ _

Setpoint 849 849 psig 849 psig
(843 to 855) (846 to 852)

Reset 885 885 psig 885 psig
(879 to 891) (882 to 888)

lB21N076A,D & 1B21N676A,D - Loop Calibration

Cal. Pt. Input Output (psig)
s_ iAFT ALT

(± 9 psi) (± 4 psi)

Allow. 2 849 2 849 psig 2 849 psig
Value

Setpoint 858 858 psig 858 psig
(849 to 867) (854 to 862)

Reset 894 894 psig 894 psig
(885 to 903) (890 to 898)

'Inclusive of 9-psig head correction.
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1B21N076B,C & IB21N676B,C - Loop Calibration

Cal. Pt. Input Output (psig)
PS_ _AFT ALT

(± 9 psi) (±4 psi)

Allow. > 852 > 852 psig > 852 psig
Value

Setpoint 861 861 psig 861 psig
(852 to 870) (857 to 865)

Reset 897 897 psig 897 psig
(888 to 906) (893 to 901)

2Inclusive of 12-psig head correction.
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RESULTS SUMMARY

The following tables list the applicable results of this calculation:
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1B21N076A-D and lB21N676A-D __________

Heise Digital Heise Model 0 - 1500 psig ±t0.9750 psi
ST-2H Indicator Temp band of

Assembly with the (2 0°F to 120°F)
HQS-2 1500 psig
module installed

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (o r e q u iv a le n t)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fluke 45 (or equivalent) Range appropriate to i:0.004 Vdc
measure 1-5 Volts

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _(s lo w re s o lu tio n )_ _ _ _ _ _ _ _ _ _ _ _

Precision Resistor NA 250 n 0.0 DZ
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Letter CPS-TTI-0069
File No. B99-00(12-21)-L

December 21, 2000

Tabulation of Pressure Transmitter Elevations
(4 Pages Attached)
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Anto.:.n.

SjEntpl eembet21,2000
CM PSrlX0069

B99.0O(12.21).L

MW. BfID M. Hbay
Tcr-TWenolo&I%. tno.
1901 .So. 60 tSct
om aNn. 68108

Subject Walk Down ormnloa

DarMr. Iym:

The purpo of this conepondencc Is to fbomaly birnnit CPS walk down informwtion
for the anached tnsmrlits 'tis walk doom information was obtahnd to supSbt
deve lopmcnt et tho fbollwir calcultons±

IP-C-0097 (Fiut Priority)
IP.C-OOU2 (r;s Priority)
IP-C.004 (First Priority)
IP.C,0070 ([Ist Priority)

WP-C.0067 (F;nr Prority)
MOM-0076
1Pc-4003s
IC-o00s9

1P-C-D94
Ip-0071
fl'C-0073
IP-C-06
IP-C.0060
IPrC-004 (reviously Pravdc
IP-C-0077 onpzviousy Pravidod)

W-C-0083 (P e'40u31)'lovided)

Cons"u"lito Work Rcjucstu (CWi) 12330 and 12339 provyd Rcidr tmn"uer
cpntgIn. ekvealon dta in Instrment reks 1H122004, MH22P027, 1H22PW05 and
11122P26. Transmuls cont=we ata obtaied In oach CWR wa verified uslug known
bencbrnatk cttntionat The mnaority or irzatnimUes in 1h atitae list Wete not
imcluded In cither CWR.

The 0masmitlcrs on th attached listIncs arc annotated as being in thw upper or lower row
or the rnd. ) ach instnaunent ra's Trw elevation is assned tuic eiiivalent to tht
cemInc, elovaeIw or lhe inaividuai tnmsmitcu recorded I1, the CWRL In the cAses
wher swveral trAitt clovotzous fromu he tam tow woro rccocdd in tho CWRs, iho
alovations were tvasged und llsc volues wre sed to speciry the tmoninutentertline

lcewtion. This assumption is valid sinoC tk walk downs petformd in support of this
letef confirmed ihnt all trannnihm In the same row ror a gnme rak, we very close lo ft
camne rievatdon. Any diffeiran he elevation wcc not discemablo by nspcctlo= ot by
moasuing from floor or gratiog elevtinn to transmitter centefline. The trcn"mnIlers that
were inclued in thc CWR survey am li=d by heh CWR they wn survcycd In.
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ThIs opproch wiU pmovi the mos &C=tx nms of providing aMnll~tic cCnlciO
efolu1on dat& In 0" regrd, the inrortioa pmlously prvidcd by iccr CPS-TI-
0567 is supmmre&dby ibis 1ter.

Some ori th truittem wsked down We not includod In Ihe swvcys conducied by thc
CWRs. in th csacg, ccrlnc moarcauents wcrc meordcw md added to the Icp of
flooror graiDa elcuvions to drive ibe mmiurcenterlne ieavuloom

If you have W7 queaoos rcsmd)g thiu rnser plaet " free to conftct myselr at
cxhmsion 3442 or Steve 1aete ietledon4031.

J.W. Smith. PCCt Man32Ms
NSED C&I Design Enineerin6
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Transmitter Walk Down Data (Rxctks 13227004, P027, PO05 and P0026)

Eutinct VW Hwishtofeetw Tnummk
nonaft My Bwsaovoorar CI ae

WA&MA rakt roW zvd

1112INo7A WWW Coi=Wnmt 1tSS I l0o755' _M..o..., X93'
102DOW7A WX/WW conwriant t IH22 75's lopper R6. 7MM93'
I 0tNOIOA Con- l iic 1H22P004 755' lwer ROW 5696'
IT3IND93A N/A Containm JH32P004 755' CWR 22330 CM 12330
I1BNM01 2A WrJWW Ca iunMt .H22P4 7S5' p OW 75.93'
11 IN"9IA WKW I Cortinment 1R22P 735' MGnow 75696'
11B2 1N091Ie I I WK"W CMPWO 12004 755' Lvwer 1 _ 73696'
31212N062A w Vw- Ciniiwt 212P004 7S5' Lower 1W 756.96'
11112NO62C WKCJWW Cootainrnt 1122F004 755' LowerRow _6

IM1N A WfWW Coftinlatn1 U22M4 755' U-iRow 75t.93'
IMiNO9E IwICiww CofftIomcat I1I4221004 755' Upper Raw 751.93'iCOO Cornairhra~t - SS -~ v 753.93'

1}:050A WKIWW Conment 111_22PC4 755' TUPpeRaow
1B21N07113 WJCtWW Comiinmeit 11122PC27 755' Upc=Row 733.36'
I1121N097B WA C_ ainment _I27 755' CWMt 1230 CWR 12330
_1023 WOB -WK/WW CoainOwnt 311 27 755, lower Row 756.93'
1121No95sB NA Coliamealt _H2:7 755 ! CWR 12339 CWR 12339
I021NCEI WKIWW Co"A1ninmti IH22PO27 755' Upper ROW 751.36'
11321910 WKW C,-ricw 1H2:227 ff Lower tow 756.93'

11321NC9I1F _Wx~w Cocinticct j1H22rQ2J ~755 Lo'wetRow 756.93
1L1 2N2B WaKRW CoW aiiimels 1H22P127 7SS' upperW 7SO6'
1112N0621 WKDWW COMAiMIe It lJ7 7155* Uppnir RIw 75.6'
iD21N94U WKW Conltnmcnt 1HZ7P027 735' Iupper Row Sl6
11I12 1N094F u K/W containment IH22MO2 755' U~pe ROW 75816'

7INOSOU %WKWW Containment 1H221'27 7S5' Upper Row 75&36'
11121NO018C WiWW Chiawlit Il it22DS 7542 Lo*we Row 7I*1 '
1D21NCO0C WA Containont M1M21'0OS 7S4 r cWIi 12330 CWMt 12330
I112 NOt73C WK/WW Contair-mnt IOH22PO0S 7542' Uppcr Row 751.77'
3 321 NOiJ G WNA ConLtuimonl I jX05S 7547' CWR 12330 :WRTI2330
32INOJIC WK#WW S IMMS2P005 754'2 Jppr Slrow*_
132AMIiC WNA ConirmaM Ia2P0 7542' CWR 12339 CWR 12339

102INT67h WKTWW Conjur.inern 11122OO5 75se'r L.werlo 756.1 '
IC71NOSC WKtWW ContchuncM 1 1ZPo4 754'2 Lower low 736.1 '
I113 1=__ WKIWW Coamnmnit 11*IM5 755' LowerRow 75691
1IJZNDSOD VA ContalnMnt 1HWM026 755' CWR 12330 CWR 12330
ID21ho73D WA Coutnknuz U220 7S5' CWR 123CWR 12339
I121N07311 W .GWW Cotankimn~t I1422026 7?5 Upper Row 7538.8
1D21 I3ID WI/Wwt CoemainmwA I1H22PM26 255 UN= w 7s1.u
I7B2INO7D WIC COWA6umcsl I2lHT'026 755' Lower Ro7 591
1121ND6731 WtlJWW t inment 122N26 7SS I R 756. _
1 I NOSOD WA Cocthmet 1 755' ,WR I2330 CWR 123 0 I
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Transmittcr Walk Down Da~ta (Rewal}In Insrumnt)

Znnsmhe~~~~~~f CW~dqIatt DS.R lowIm

7182IN400Q WAfWW CWnUftwat SPS-100 W5S ".73r 75731'
1021144DOD NIA Ccmunta SPS-101 * 754r cWA 1 2U9 CWR 1 2339

W102N4005 WK5VW PR1US102 MO5 2|.22r 75735'
1 DZ1)4400F wK _Coobinmt SPS-103 7SS; 23" 5 73U3'
IF-O -KW Ta Y/int N -104 762r 362Sf 763.02
I.C71Nj;B W1jW rlabin K- 122 7C2. 5615, 76669
107132C WX/WW TOTVI' N-104 7637 562r76 9
1C-71N052D WKAVW TwrbWo 7Q125 0% 525- 76,6

WVWW lUbsc N12 76.5 24V 774.02'

iMfiNii68 wwW iws-e I.13 W _ 6 5.88, 76&6-66
1 21NO76C -wg/w To;h _1-D 70 ' SS.3 166.63'
lM lt607 www KuvnW N w IO 769j' 54.25 1 74.02'
IFI2wos$C WK/WW rur AM -:16 I 717, 48.75 741.06'
12XND35G W IWV At[1 737' 4t.75 .710

'Revised walk Dow D~ta (PrevIcullY Provided by CPS-7II-0067)

t rIuke tlb nstvtmnt |Ftlowt |d~ of wl

IWal;6t |UKdo" Couiswtlt20417S CWX row |CR123
ImN03 S. l@- - 0£S112

=-FNOS Conxmw t SS10MM5 707'-6| 32M' 70.|s -

j CIuMl Tom I Iw IMc=t 7F yw 171T6'

I B1S411;4I 1KO I~J ConuNi^ffbM =~s-0 37 22'769
|57~ IlN061F |~ WKOtA, E;;jxj S -103222 | 755S A 48.7w | 75 4.95'

Walk d&*m rcrfiotmw sv

W.S. Kplaft 1 Zi/__J- J. p-am O"!,v

W.Wh'he dgdr&&a-J.t1w O X I.lbn( 14)W _ _
fir 7-44tf4
/4, 1#w^.
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zd~mWP W0"USA.
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WftW410012tO 410024
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,jp"-16-2e0i 1i23Z 61222 P.05

30 0o1! BMIBLXT sX2CXTXCars0W 7OR

3%Qc32t0n 32OZRL .12, 1153 AM2W 1154 7rZBURC TRIJumaT2R8

=0=O=m RETORT D4900L26

3vzuolN a

1.0 8XP

Shl report documants tlh testing that vas performed to
demonstrate the DOW btabiity specification of ±0.2% Un

* for 30 months for Rosew nt MIodel 1152, 11523 an4 1154
tranunitters. Tho forosr specification of 0O.25% UL gaor
6 months, including accuracy, vas based on test rasults
from -the 3(odel 1151 (Ref. 2.1). The now spacification
doeo not iolude accuracy. ., .. .

2.0 RtZ7ZRS8

The revision level of the rferexnc, listed below were
current at the time of release of this report.

2.1 Rosemount Report 78223, Revision A. "ong Tera Test
Results for Pressure Tran-uitters Rosemount todel 1151.'

Teat units oenisted of four 1153 Series B transmitters,
model nunber 1153CM6PA and sirial numbers 402710, 402721,
402722, 402723, an calibrated 0 to 100 psig.. The
tranamitters vere poverd with 34 V and output Voltage Of
the traneaittor vas %eusurod over L 500 obs resstor.
Reapose of the transmitter to an input pressure of so

~ z ., ,pi vM rorded daily for the S1iXt t I J ssW _
-a vie"Tek SFarf.iantt six. moths, and iiony for ir.
duration of the test. ambient temperature was also
recorded.- Calibration checks ot 20% span inbreonts wure
made between 0 and 100% span at th, beginning and end of
th, test.

The test was origloalli scheduled to run 18 aonths.
input pressure was removed after 1.8 mnths and a
calibration check performed. A request was made to
axtend the test out to 30.months ao another callibration
check van potfprmed prior to pressurizing the
trnsmifters to 50 psi again. Iwo adjustment was &ade to

* . thi calibrations of :the test unit0 during tbe test
interruption, calibration data was recorded again aft s
the test was over.

. . . 3r.
ROSEMOUNT REPORT D6900126 PAGE I
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Transmitter output volta;s measured during the first 18
=onths of the test are ahown in Table I along with the
output shifts. Output shift. are referenced to the
output voltage measured at the beginning of the test.
All of the output shifts are yithin the new stability
specification of ±O.2% URL (+7.016 V). Ambient
tmperatures ranged from 70 to 1207

Resulta frox the extexsion of'the test to 30 monthn are
shown Sn Table 2. output Shifts agaldrars referenced to
the output Voltage measured at the beginning of the test.
However, the suite am adJusted 0r? the chade in output
observed between the last measurement before the
extension and the first measurement of the extension due
to shutdown and start-up of pressure source.

For eaplo, the output baaured after 15 months for U/i
402720 was 5.990 V. Atter the pressure source vas

... reapplied to the transxlttar, the output was 5.996 V. -
- .cutTb. ou thift referenced t6th. beginning ot the test
is +0.000 V (5.996 - 5.990 V). To d-ateene the output
shift due to drift, this value is adjusted by subtracting
the 0.006 V output shift due to the chang in pressure,
resulting in an output drift Of 0.000 V (0.006 -.0.006V)..
A12. of the output shifts in Table 2 are within the now
stability cp cification of ±_0.2% MRM (±.016 V). A grapb
of. the output drift is show in Figure 1. Ambient
temperature ranged frOX 67-76O!.

The calibration checkcs =de at the beginning of the test
ae shown in Table 3 and maot the accuracy specification
40.25% span (jO.020 V)* calibration checi -Rie after Is
=onths are shown in Table 4, prior to the &xtension to 3o

months in Table 5, and after 30 months in Table 6. An,
Neet the combined offects of Accuracy (.0.254 spain and
drift (;0.2% MIM).

-Oriinal date is stored in lbner~ig Test rile
2T.24.0. __

IROSEIOM1T IMPORT D09002.26 Pd *,etPIUM -27-zec -..rf
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l I

.,O162W 10:23% 61 92low P.U7

TABLE 1 - TRANSMITTER OUVTUT D~RFr 0-18 "ON59S

OUTPFT (V)
OuTPux sMZ (V)

atU A027191 Aa271 40 - 402723~lk-
nz

�.1.����

* < *,

DAS 1 5.990
.000

DIY 2 5.990
.000

DAY 3, 5.990
.000

DAY 4 5.990
.000

MIY a 5.990
.000

DAY 8 5.992
4.002

wZ23 2 5.993
rt .002

3' 5.991
4.001

WZZX 4 5.994
+.004

PM a 5.991
+.001

j2X 6 5.992
* _ +.002

WZZX 7 5.993

WRN 8 5.994
* +.004

4. 003)tt 90 5.994

+.004-

wZZX 11 * 5,992
+.002

6.000
.000

6.000
.000

6.000
.000

6.000
.000

o.000
. 000

6.001
+.0021

4.001
+.001

6.001.
4.001

6.002
4.002

5 .999
.001

6.000
.000

C.000
.000

6.001
+.001

5.999
-. 001

5.999
-. 001

6.000
.000

-5.992
.000

5.993 -
+.001

5. 993
+. 001

5.993
+.001

5.993
+. DOI-

5.995
+.003

8.997
4.005

5.996
+.004

5.997
+.005

3.994
+.002

5.994
+.005

5*995
+.003

5.937
5.905

5.996
* 4.004

5.996
4.004

5.995
4. 003

5.990
.000

5.990
.000

5.991
+.001

5.991
+.001

5.989
-. 003-.

5.991
+.001

5.992
+.ova

5.991
+.001

5.989
-. 001

5.990
.000

5.9a9
-. 001

5.991
+.001

5.992
4.002

5 *990
.000

5.990
.000

S.990
.000

-
. .7

ROS(MWun rZ0R? 09900126
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*IM-16-2MI 10:24 R05EI N 61& r. Vs

TADLE I CCOWTD) - TPIMUTZTE OYPOUT DRIFT 0-18 MONTHS

OUTPUT (V)
OUTPUT SHIFT CV)

InSIN 402720 A827n -___ 402722 4017~21
Tf

: !

WMRE 12 5.992
+.002

W!ZZ 2.3 5.993
+.003

WZE 14 5.993
+.003

WEER 15 .993
+*003

WZX1C 5.994
+.004

IQK 17 5.993
+ .003

WZEM 18 5.993

W~19 99
+.003

MX 20 5.993
+.o00

WZZ 21 5.993
+.003

WE=~ 32 5.9933
+4003

Wp 23 5.993
+.003

VEw 24 5.993
+.003

WZ 25 5.993
+.003

240NT 7 ' 5.992

t..OD2

MONTH a 5.992
4.002

5.999

-. 001

5.999
* -. 001

5.999
-. 001

5.,99
-. 001

6*000

*0000
.000

6* 000

-000
6.000

.000
6.000

.000

*000

5.999.-. 001

S *999
-. 001

5.*999
-.001

5.39i
-. 001

5.999-

-. 001

-. 002

5.999
-. 002

5.997
+.005

5.997
+.005

5.997
+.00O

5.997
+.005

5.998
+.006

5.998
+.006

5.'997
+.003

5.996
+.004

5.997
+.005

5.997
+.00S

5.997

5.997ii
.+.00s

5.997
+4 003

5.995
+.006

5.997
+.005

5.996
+.004

5.990
.000

.t990
.000-

5.990
.000

5.990
.000

5.991
+.001

5.991
4.001

5.990
.000

5.990
.000

5.990
.000

5.990
000

5.990
.000

5.989"
-. 001

5.989
-. 001

5.990

.. 000

5.989
-. 001

5.986
-.004

tOSoMINT ZEPORT D8900126
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I

3JAN-16-2W1 se: 24 6122B P.09

TAWZ 1 (CONT'D) - TPAMMXTZ COTFUT DYT 0-18 MONM

-'"T etw 4f " Fn5

O0NTH 9

_. .. XONO= 10- -

K0O= 2.1X0r~z 112

X 12
2MOM 13

MONTH 14

2TE 15

* TE 16

5 .992
+.002

5.993
+.003

5.993
+.003

5.996
+.006

S.994
+.004

5.992
t.9002

6.003
4.013

5.i90
.000

OU~TPUT
OUTPUT

PR

5.996
-. 004

5 '997
-. 003

5.994
-. 006

5.995
-. 005

3.996
-. 004

5.996
-.004

5.9S5
-. 005

NR

5.994
-. 006

(V)
SR FT MV

4 402727

..MR

5.997
+.005

54,998
+.006

5.996
+.004

5.99'
+.006"

5.996
t.004

5.996
+.004

6.000
+.008

MR

5.999
* +.007

XR

_5.987 -
-. 003

5.988
-. 002

5.9e6
-*004

* 5.988
-. 002

5.986
-. 004

5.986
-. 004

5.98
-. 002

PR

5.986
-. 004

6. 1 .i
... 1

HONTE 17

MOTr= 18

._.
- . . '*-. ..- - a - . .. 4 ---

. . ;

i,
R05Z2MSUNT REPOR= D8900126 PAC S - . .
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I I

*Xt- 16-2001 10:24 Ojf HEfR 612 NW P.i

TABLE Z2 - TWY8aTTER OtPU Man EXTZNSZ TO MOP=

I I Y 0)1 AAn2I72
.^ .>>n tv-^^v

1Y 3.

DAY 2

MAY 2

DAY 4

Ron= 19

RON=8 20

IWNTHf 21

tTE 2 22

MOW= 23

5.996
.000

5.995
-. 003

5.993

-. 002

5.994
-.00^2

5.395
-. 001

5.994
-.002

RR

5.993
-.003

5.192
-. 004

5.580
-. 008

5.992

VR

5.993
-. 003

5. 4tt
-. 012

5.991
^.005

i

I

. i

I

I

I

OUTP 5I (V)
OTPUT SNIp? (U)

402721 402722-

5.990 .. 9s5
-;006 ,+.007

5.989 5.995
-. 007 +.007

MR KR

5.987 '5.992
-. 009 4.004

5.998 5.993
4.002 +.005

5.991 5.995
-. 005 +.007

5.997 5.998
+.001 4.010

NRRB

5.998 6.000
4.002 4.012

5.995 6.000
+.002 . F.012

5.995 5.996
-. 001 +.008

5.997 6.0oQ

R . R

5.997 6.002
t.001 +.014

5.992 5.994
-. 004 4.006

42221 -

5.979
-. 004

5.977
-. 006

5.977
-. 006

5.978
-. 005

5.979
-. 004

5.932
-. 001

NR

5.988
+ . 005

5.988
4. 005

5.985
+.002

5.987
..+.004 , *

NRn

3.388
+.005

B.991
-. 002

5.98S
+.005

I.. _,

H1OW 24

MOl 25

MOMK 26

k9n#27

MM 28

91OZY 29

MON= 30 5.996
.000

5.999
+.011

I .

ROSMOV2U R RPOT D8900126
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. * ,

'YPW1S-2M1 10:24 tSE ENT X 61229 P.at

INm , & 9PAN
:D E . o u' w rvi

S/K 402720

Th1rASnm INPUT
ACTUAL OVt (V)
VOLAG SHIP

DEREJUXs0 =?CT
ACTUAL OVTMT (Vj
VOLCAGE SGIPT

INCRKASM INPUT
AcTUL OUT0! V)
VOIMGE S=1?

8St/ *402721

XNCREASnITG IN2Pa
ACTUAL OUTPUT (V)
VOLTAGE SKIPT

Dvzcs?1r0 INpaw
AcTvAL OUTPUT (V)

* *V!LTA

ACTuxL OuTPU (V)
VOLfTAO 9mmT

8/1 402722

___2tCTUlL OUTPUT CV)
VOLTAG SE!PT

DESIRC INT
acrU OmTPT (V)

*CTAL VTOLUT (V)
VOLTAGE SmP?

5T B 3 - INITIAL ACCUkACY C8ZCS

0% 20% 49t 40% 80% 100%
2.000 3.4600- 5.200 4,800 8400 ¶0000

1.995
-,005

1.996
*-.004

1.995
-. 005

1.995
-. 005

1.997
-. 003

1.997
-. 003

1.997
-.003

1.998
-. 002

1.995
-. 002

3.592
-. 008

3.595
-. OOS

3.593
-.007

3.592
-. 008

3.596
-. 004

3.594
-. 006

3.593
-. 007

3.596
-. 004

5.198 -. 6.785- 8.383
-. 012 -. 01w -. 017

5.192
-. 008

5.190
-. 010

5.196
-. 004

5.*199
-. 001

5.197
-. 003

5.191
-. 009

5*194
-.006

6.789
-. 011

6.787
-. 013

6.797
-. 003

6.800
.000

6.799
-. 001

6.791
-. 009

6.794
-.006

6.386
-. 014

5.385
-. 015

8.393
-.007

8.395
-.OO5

5.395
.005

8.390
-. 010

8.391
-. 009

9.986 -
-. 014

9.186
-. 014

'9.988
-. 012

9.990
-. 010

9.990
-. 010

9.991
-. 009

9.993
-. 007

9.993
-. 007

3.595 5.193 6.793 8.392 9.998
-. 005 -. 007 -. 007 -. 008 -. 002

mimS7OUFT XEPoRS D8900126 pi 1 " "
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-JP16-M 2legoo D o4w4 G .

WAB= 3 (CONT'D) - DaTo ACCURACY CEMCK

INPT, % SPAN
IrIT. nnrPIM M

0% 20% 40% 60% 80% 100%
2:000 3.600- 5--200S .80 9.400 10.000

SIX 402723

iCTUAL OUTPU V
Vc 17

DECRZAIINq INP
ACTUAL OUTPUT (V)
VOLTAGE SHIFT

INCRaZU=NG INPT
ACTUAL OTuTT (7)
VOLTAGE S=FT

1.996 -3.592 5.18i ; 6.786 8.356
-. 004 -. 008 -. 011 -. 014- -. 014

1.998 3.595 5.191 6.739 8.388
r.002 -. 005 -. 009 -. 011 -. 012

9.992
-. 008

9;992
-. 008

9.,994
-. 006

1.997
-. 003

3.594 5.292 6.788 8.386
-. 006 -. 008 -. 012 -. 012

.s

. . .
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JAN-16-2el 1B:24

TABLE 4

0%
2 . OO

- ACCURACY CHECK ATZER 18 moim

nPu, % SPAN
TIDEAL OUTPU7T tyl

S/N 402720

wIJCRASING NITY
ACTIAL OUTP0T (V)
VOLTAGE SHIFT

DSCRRM1NG IPUT
ACTUAL OUTPUT (5u)
VOLTAGE SHIFT`

INCREASING INPUT'
ACTUAL OUTPUT (V)
VOLTAGE SmE!?

5/N 402721

INCREASING XINPu
ACTUAL OUTPUT (V)
VOLTAGE SHIFT

DECREASING INPUT
ACTUAL OUTPU (V)
VOLTAG= SirT

INCRZASIG IsNT
ACTAL OUTPUT
VOLTAGE SHT"

S/X 4027w2

xxCREASING INFOT
ACTUAL OUTPUT (V)
VOlmAdz SHIFT

- DVECRs3NG MUT
ACTUAL OUTT(V)
VOLTAGE SHIFT

CNCREASIX IPUT
ACTuAL OUTPUT (V)
VOLTAGE S!In

2 0S
3 0D_

40% 60% 80g 100%
5.200 6.800 8.400 16.Onf

. - - V , _ _ _

2.000
,000

2. 001
+.001

2.001
+.001

1.997
-. 003

1.997
-. 003

1.997
-. 003

2.007
+.007

2.007
+.007

3.594 -S.1'90
-. 006 -,010

3.599 5.194
-. 001 -. 006

3.597 5.192
-. 003 -. 008

3.592 5.194
-. 008 -. 006

3.594 5.197
-. 006 -. 003

3.593 5.195
-. 007 -. 005

j.602 5.197
+.002 -. 003

3.603 5.199
+.'003 -. 001

6.7W-8 TW.3l2 -97384
-. 013 -. 018. -. 016

6.789
-.011

6.787
-r.013

6.794
-. 006

6.797
-. 003

6.794
-. 006

6.795
-. 005

6.797
-. 003

8.385
.-,015

8.383
-. 017

8.397
-. 013

8.390
-. 010

8.389
-. 011

a.3so
--. 010

$.393
-. 007

9.984
-. 016

9.984
-. 016

9.983 ,
-. 017

9.983
-. 017

9.984
-. 016

9.992
-. 008

9.992
-. 008

2.007 3.602 5.198 6.795 8.391 9.992
+.007 +.002 -. 002 -. 005 -. 009 -. 008

ROSEMOUNT REPORT D8900126 PAGE 9
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I I

'JM-1 t2 10:25 NT n

.I

WALZ 4 (C0T'D) - ACCURAcY ME= lJ 18 MDR=

DINUT, % SPAN Ot 20%
T Dh 0T fV 2000 .3,600

S/N 402723

fXIBIfNG DImT
ACTAL OQTWUT2 (V) 2.P95-._3.993
V0ZAGEZ 6b'W -. 005 -. 007

DECRMADI1G IPD
A.CTUAL 0UTPUT (V) 1.995 3.593
VOLTAMZ S -. 00 -. 007

INCREASING nPU
ACL OuTpT (V) 1.995 3.592
VO&AGE S01 -.. 005 -. 008

.. -

40% 60%- 80% 100%
5.200 6 R00 8.400 10.000

5.iE2 .6.783 8.332 9.987
.OL3 -. 017 - -. 01 -. 0o

5.187
-. 013

5.187
-. 013

6.786
-. 014

8.284 9.987
-. 016 -. 033

6.784 8.2t3 9487
-. 016 -. 017 -.. 013

.S H U q 1 ° ~ R D 8900 3. 6PA E 1PA 10
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o . o A _JAN-6-2W 10:25

TAkE 5 - ACCURACY CHrcK IETORE TEST EXTES ION

INPUT, % SPAN*
'TDEIT 0~l p. tln

0* 20P 40% 60% 80o 100%
12f61nn 3.600 5.20fl 6.J00 A.400 10.000
----- -

S/X 402720

xNCRRASiNG nkPu
* ' ACTUAL OUTPUT (V)

VOlMAZZ ME=

DECREASIN4G WPUT
ACTaM OUTuT (V)
VOLTJAIZ SHIT

* =CREASING I3PUT
.*. ACTUAL OUTPUT (V)

'.'VQ LTA G E S I . .. -

2.001 3.600 5.19i 6.796 8.38Y- 9.985
+.00o .000 -. 002 -. 004 -. 017. -. 015

1.999 3.596 'S.193 6.788 8.385 9.985
-. 001 -. 004 -. 007 -. 012 -. 015 -. 015

1.999
-. 003

3.595 5.198 6.786 8.382 9.984
-.005 -;002 -. 014 -'=DllL -016

I S/N 402721.

;NCRZASZNG INPUT
ACTUAL OrTPVT (V)
VOLTAGE SHIFT

DECRZASSNC NPUT "
ACTUAL OUTPUT (V)
VOLT.AE SHIFT

IXCRPASXNG INPUT
ACTULL OUTPUT (V)
VOLTAGE SHIFT

1.999 3.597 5.202 6.803 8.390 9.985
-. 00L -4003 +.002 +.003 -. 010 -. 015

1.996 3.593 5.197 6.796 8.390 9.985
-. 004 -. 007 -. 003 -. 004 -. 010 -. 015

1.996 i.592 5.195 6.793 8.388 9.984
-.004 -. 008 -. 005 -. 007 -. 012 -. 016

s/ 402722

NCRISING INPUT
ACTUAL, OUTPUT (V)
VOLTAGE SHIFT

DXCREASING IXPVU
ACTUAL OUTPUT (V)
VOLTAGE SHIPS

INCRSING INFUT
ACTUAL OUTPUT (V)
VOLTAGE SHIFT

2.008 3.605 5.203 6.002 -8.390 9.992.
4.008 +.005 +.003 +.002 -.010 -.009

r

2.006 3.601 5.198 6.795 8.391 9.991
4.006 +.001 -. 002 -.005 -.009 -.009

2.006
+.006

3.600 5.196
.000 -. 004

6.792 8.398 9.990
-.008 -.002 -. 010

ROSEMOUNT REPORT D8900126 PAGE 11
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. TM+16-0 10:25 RorN HUkw

TABLE 5 (CONTID) - ACCURACY C11ECK BEFORE TEST EXTMN9ION

: 4PUT, % SPAN
* MAr tDE t.m Ml}

0% 20% 40% 60%
2. 15n 13.600 _ 520 A E.RA0

80% 100%
8.400 10.000

S/N 402723

INCREASING iNPTl
*ACTUAL OUTPUT (V)
VOLThGE SHIFT

DECMi3ZIG MPUT
ACTUAL OUTPUT (V)
VOLTAGE SHIFT

1.994 3.591
-. 006 -. 009

!.1et -
-,012

6.705 8.373 9.976
-. 015 -. 027 -. 024

..991 3.588 s.182 6.777 8.374 9.976
-. 009 -. 012 -. 018 -. 023 -. 026 -. 024

*XC:cZASING TmT
ACTUAL OTP (V)
VOLTAGE SHIFT

1.991. 3.586 5.180
-. 00.,Qj-.014 -. 020

6.775 8.372
-. 025 -. 028

9.975
-. 023

I

. . :
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I

* JC&-16-2e01 10:25
. I

M NLtEj 040rKWQ . ...

TABLE 6 - ACCURACY C1IECX? AFTER 30 2M S

', xNPT, % SPAN
.* Tn1'r Y. rtnm Yww P"%

0% . 20% 40% 60% 80% 2.00%
2.0Q5L Coo B aoo 6A08Q 8.46 n0.00nn

. -- - ----- ---W^ 5

S/IR 402720

:INCREASIWJG 2NPUT
ACTUAL OUTPUT (V)
VOLTAGE SlmFT

DEC ASS 2NPUT
ACTUYL OUTPw (V)
VOY77m SHI~T

I:wcptEASnmW xNPUT
, ,,ZTAL OUTPUT (V)

101MAGE SHTF

2.000 3.597 5.193
.000 -. 003 -. 007

1.999 3.598 5.195
-. 001 -. 002 *-.005

1.999 3.597 5.193
-. 001 o..03 -. oo7

1 *6.788-- 8.385
-. 012 -. 015

9.986
-. 014

6.791 8.387 9.986
-.009 -.013 -.014

6.788. 8.386-:.9.987
-. 012- -. 014---.0*3-

SIN 402721

NCRSASIo :I
ACTUAL OUTU (V)
VOLTAGE SHIFT

.DzcREA tNG XNP T
ACTUAL OUTPUT (V)
VOLTAGE SRXF

3XCRASDNG I33U
ACTUAL OUTPUT (V)
VOLTAG= SHIFT

1.995 3.592 5.195 6.798 8.39L 9.986
-. 005 -. 008 -. 005 -. 002 -. 009 -. 014

l.995 3.594 5.19S 6.797 8.393 9.986
-. 005 -. 006 -. 002 -. 003 -. 007 -. 014

1.995 3.592 5.196 6.795 8.392 9.987
-. 005 -. 008 -. 004 -.OOS -. 008 ' -. 013

S/N 402722

IWCREASING INPU
ACTULr QUTP=u (VI
VOLTAGE SziP?

- DECRxmAING INFT
ACTUAL OUTPUT (V)
VOLTAGZ SHIFT

INCREASING INPU
ACTUAL OUSTPU (V)
VOLTAGE SNIFT

2.007 3.603 5.200 6.798 - 8.397 9.998
+.007 +;003 .000 -.002 -.003 -.002

2.007 3.604 5.202 6.800 8.398 9.998
+.007 +.004 4.00i .000 -. 002 -. 002

2.007
+.007

3.603 5.200
+.003 .000

6.798 8.397 9.999
-. 002 -. 003 -. 001

ROSEMOUNT REPOR D08900126 PAsr 13
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-I

3 ZM-16-201 1925

TAge 6 (cONTeDI - ACCURACY cHECK AlTER 30 MOMS

111PUT, * SPAN
Trir1T. arlr" rMl

0% 20% 40% 60% 80% 100l
2.000n 3.0 - .0 6.80 9 S.400.in -An ltl-Ano

S/I 402723

xNCJWSINc INPUT
ACTUAL OUTPUT (V)

DECRAsINP NP
&CTuL OUTPUT CV)
VOLTAGE SHIT

* INCRESING INPUT
. ACTUAL auTPT(V)

- - VOLTAGmE SHIFT

1.994 3.591 5.158-
-. 006 -. 009 -. 012

6.716 8.386 9.992
-. 014 -. 014 -. 008

.1.998
-. 002

3.592 5.190 6.788 8.388 9.992
-. 008 -. 010 -. 012 -. 012 -. 008

1.998 3.59L 5.188 6.786 8.386
-,002 -.009 -.012 -.014,_ -.014

9.992
-. 008

I.

ROSEMOMNT MPORT D8900126 PAGE 14
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, JAAlr291 1012s

i.0 CONCLUSI:O

Based on the test results docunmnted in this report and
the similarity in design between tbe * 0Mod0l l15211153,
and 1154 transaitters, it has becn demonstrated that the
Itosemount Kodel =152, 1153, and 1154 trtnamittara will
zeet a nsew stability xpecificatoln of ±0.2% XJL.

*' .

ROsD4oUNr pPF.Mr' t'A*Oflf1*
- ..TOT& P.19
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I ,Il

11/03/09 10:21 t1 800 187 4000 THoo CSE s00040os
LUST PRICES APPLYING DrGprAL
TO BULLETIN M I HEIS_ PR_ rURE INDICATORS

-Eft!" ,kw IS I
HKS-2: QUICK SELECT PRESSURE MODULES a

C ao Id Aba c18(A lloI*hi6deS ias tsu Io tS9 I by-)
hd w am SW _inch..ft buoet.- BymyN VMK wn Q= 6006 &%

6. w 0r 0r 25o 25 250' 3000, G 1a 1%rhaw
10 ItSO 20 600 40 1.i 30c 6000, 450.00 0o00 550.00
Is 250 so 750 to 2.5 4Wr 10.000 121 (1l 11
30 300* 6o 1000 100 4 SW

.O 500 100 1500 16o 6 800
0e 1000 200 9000 250 1D 1000

100 a00 5o0 400 16 100
150! 600 600 2000
200 1000 2500
260 4000 AU lue Presum
S0 MO0 7M5OO 875.00 625.00

mPu eoo0 [2] 11) Il1
I tooco

. . ~1.6 __

600 1000 2.5 40 uge Pr
eo0 4.0 40 M00 700.00 650.00

1006.0 CO33 (1 1
1500 10 100
2000 1s 160
2800 25 250
3000 40 400 l p
3000 50 No M2M.00 O77D.0 72S.00

MIWakoin W0 H . 0125% I1113.0115M- _

lO.W1 675.00 _625.00

-4 wt P10 113*8 10' 230 25 025- 250w a3000' 5 W
10 . 20 SW00 'W.40 V4 4W 7000 00
is 30 750 Go 0.8 am t0 l 111[

_ 100 1.0 C 1000 1 1 1 1

* lO *1 -00 *1 *30 *2 *025, *25 oo3000t
*10 1 250 1*20 1*5W 0.0 I Oj s400- 1*XW00I
t5 ±400 | 30 *750 | 60 *0.0 I ±e00 *10,000 725.00 675.00 625.00

-lt 1 o -%W~ 1-75tMBO 100 *1-0 *10W 2 11l11
-15.;0 1 1-100 -750W0=1-OIDOQ -112 j1W0M I

- -100MUM0 -1_4 1 lOCOa A C

199 4
A

*l7 a kttnw Oyu**

HOS-2 OPTIONS
Erlhancod Ca~bradon (no adido"a ten~peraure e54'TwagticiA operafg tnge of 20.12r 20......100.00
ErNon-(ranft-d rane rtns nr 2-2 ).................................................................... 100.00N o Sb d f Rangs ,* 15.0.0
a MCB4sh StanrdFMag .................................... ,0.00
Plumbu Port olamd on only) ........... . . . : s5
Welded VCR Conrctkon Cwth sua4drd PM on C-*n* ........................................... .00
Oxyn Wang (Osoiled asnrs .fyl ....................................... I1ts

. 1 . _ -. i=_ MWNI

a"_b

to& i.

I Api00S

A *0i~ -W*

I )4 3
1A1.)
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_ .

. ..

Stanbr Displhr. Alphanumeric LCD.
0.37lnch heighti 2 lines 16 chearictrsine.
Opilonal Display: Backlit LCD alphanumeric
with 2 nes and 16 ltaractersilie.
Display Reselutien: tO.002% of spar with
Camping 1 part in 500C0 Crux).
Display Upiule Rabl: 100 ms.
Eegloe wring Vits: pd. n0, Ln.hg. IfiSW.
baru mbar. kIPa, UP&. mmHg, cm O.
mmH,O and kgcm' and any single user-
programmable engioedring uni.
Damping, Programrmable averaging frot
zero tnrougn 16 conseCutive readings.

Standard Operating Range: 32Z to 120¶
(0 to 49-C).

Compunsated Range: 2? Io12WF
(-7 Io 49-C).
Rtherente Tomperature 70O-F..
Standard Tenperalure Eftfet *.DD4% of
span per deree Fahrenheit ever the
compensted ange.
Optional: Dulck-Selett modules are
available calibrated to maintain rated
accuracy over the20 to 120F (-7 to

494C) C0ompensamed terperature range.
Storage its: -4F to *1580F
(-2D- to *70CI.

N4

Electrical Saunting Specthialine:
24 Vdc at 25mA.
Electrical MIansremt Spediatlloea:

Olt 0 Vk e 0.025% F.S.
0/30 Vdc *0.10% F5_

C/2OjrA i 03. FS.
C/S0 mrA *0.05% ES.
Auto-ranging 10/3OVdc A 20/S0rnA
Temperattre Eflects Elettricl
Mear"nutnt iO.00t% of span per IF
over the compensated lance.

lZI 14117,1 111il' --1 I lie#:% 7{ M

RSn32 SerIal Interface: with "pin D type
at 300.1200. 2400. 900 baud.
Fleid Calbratloe: CWiiration module ard
proper pressure and electrica standards are
requredl.
Optional Data LEgglg gpatiir;
StandC rdna ce 714 reds.
Dee - mreasuramset 384 racord
Oplleaai Cewmlicaloa co"Cnalin
Firmware: stores 10 comebte sets ot
calibraton data Induding 10 as boud ;and
10 as k' data set.

Weight ST.2H Bases ant 3.0l(1.4 kg).
Housing: MLde. bolimpact ABS c__
Elestrical Ceeesenb: Standard banana
jacks.
Optional Battery Pewer Suppwy
5 'A' oicas with buit-In charger.
Exteuual Power Soply AC adaptor 9 Vdc.
S0OmA.
Portaite Oporailei 20 hus with eptlonal
badfohit ot. 2 buwrs wit baktight orL
Ware: 5 mnAues kFr rtd wacurey (max-
Imum). 30 minutes for tompalte 7sbity.

AC Adaptors provide 9 Vdc otpnuL
Pan Nvobe M t from

B31XO16-01 110 Wac 60Hz
BIIXO16-02 100 Vac. SOH
831X01603 230Vc. SOHz
Calibratton Qiuk-Selsuet Model.:
For catbralien of base unit etectroncs.
Part hunmber COS.
System Proetiouon Modsle: Protects base
unil when only one measurenenl module Is
required.
PartlrlNber:HOS-XS.
Cable Assembly: Connects base unit lo
9-pin female seral port on computer.
Part Mmiber 83eX01 I-01.
Adapter 9Oli to 25pin: Serial port
COMtCtOf On MompUter.
Pill RumberS83X012-01.
Hews: provide 'h-20 UNF Iternal Attings.
For use Mbh pumps and general process
connectocns.
3ft hose, Prtll Number84X007- 1.
SIt hose. Part Unmber X007-02.
%/ hPTexteunlal fittieg adaptorto icoxet
hcse connector tromt Ir2O 0 liPT.
PArt Numnbe, B4OXOO6C1.

Request the following documents.
Tnnperathe Medule: HOS-?
Prssure Moule: KE-1
Pwinps: HACC-P
VYCtage Apter. HACCS4M
How l Order. See Price Sheet ST-2H-1 for
ordering inlormatlor

, Contact es t: 203421-3115.

ilow/
HIn Ksmorstm

IrWiAt ba q00ai VO of i wo cw
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7. .

m D ital Pressure Mue
: *SKnee,

* URaL K., . 15367
m 0 to .0 r

.-,. 0. M=

LDI.hT . 0 Qperating Ambient temperature is limitea
to 209Y to 2200P without correctioni.
stact the Cal Lab for correctionw if
.bient temperature Is outside the above

* specified range.

-Sbi .s r module oust be used in a
X*i* Digital ondicator aseembly, modal
*er BT-29, or oqulv lent. The
a ysedbly mvplias operating poer and a
digital readout for toe pressure mdule.
The Digital Indicator Ausebly has
voltage and curret functions which re

not certified for use for quantitative
data..

.

'. '; *

I .

Aprove. by: �(LL z/I-0o9
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